
US 20030003465A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0003465 A1 
(19) United States 

Little et al. (43) Pub. Date: Jan. 2, 2003 

(54) MASS SPECTROMETRIC DETECTION OF 
POLYPEPTIDES 

(76) Inventors: Daniel Little, Boston, MA (US); 
Hubert Koster, La Jolla, CA (US); G. 
Scott Higgins, Paisley (GB); David 
Lough, BerWickshire (GB) 

Correspondence Address: 
HELLER EHRMAN WHITE & MCAULIFFE 
LLP 
4250 EXECUTIVE SQ 
7TH FLOOR 
LA JOLLA, CA 92037 (US) 

(21) Appl. No.: 10/007,557 

(22) Filed: Nov. 6, 2001 

Related US. Application Data 

(60) Continuation of application No. 09/664,977, ?led on 
Sep. 18, 2000, noW Pat. No. 6,387,628. Division of 

application No. 09/146,054, ?led on Sep. 2, 1998, 
noW Pat. No. 6,322,970. Continuation-in-part of 
application No. 08/922,201, ?led on Sep. 2, 1997, 
noW Pat. No. 6,207,370. 

Publication Classi?cation 

(51) Int. c1.7 ......................... .. C12Q 1/68; G01N 33/53; 
C12P 21/02; C12N 15/87 

(52) US. Cl. ............................ .. 435/6; 435/7.1; 435/69.1; 
435/455 

(57) ABSTRACT 

Aprocess for ascertain sequence information about a nucleic 
acid molecule by determining the identity of a polypeptide 
using mass spectroscopy is provided. Depending on the 
polypeptide to be identi?ed, a process as disclosed is used, 
for example, to diagnose a genetic disease or chromosomal 
abnormality, a predisposition to a disease or condition, or 
infection by a pathogenic organism; or for determining 
identity or heredity. Kits for performing the disclosed pro 
cesses also are provided. 
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MASS SPECTROMETRIC DETECTION OF 
POLYPEPTIDES 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/664,977, ?led Sep. 18, 2000, to Daniel P. 
Little, Scott Higgins, David Lough and Hubert Koster, 
entitled “DIAGNOSTICS BASED ON MASS SPECTRO 
METRIC DETECTION OF TRANSLAT ED TARGET 
POLYPEPTIDES.” This application is a divisional of US. 
application Ser. No. 09/146,054, ?led Sep. 2, 1998, to Daniel 
P. Little, Scott Higgins, David Lough and Hubert Koster, 
entitled “MASS SPECTROMETRIC DETECTION OF 
POLYPEPTIDES”. This application also is a continuation 
in-part of US. application Ser. No. 08/922,201, ?led Sep. 2, 
1997, to Daniel P. Little, Scott Higgins and Hubert Koster, 
entitled “DIAGNOSTICS BASED ON MASS SPECTRO 
METRIC DETECTION OF TRANSLAT ED TARGET 
POLYPEPTIDES.” US. application Ser. No. 09/146,054 is 
a continuation-in-part of US. application Ser. No. 08/922, 
201. The subject matter of each of these applications is 
herein incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The disclosed processes and kits relate generally to 
the ?eld of proteomics and molecular medicine, and more 
speci?cally to processes using mass spectrometry to deter 
mine the identity of a target polypeptide. 

BACKGROUND 

[0003] In recent years, the molecular biology of a number 
of human genetic diseases has been elucidated by the 
application of recombinant DNA technology. More than 
3000 diseases are knoWn to be of genetic origin (Cooper and 
KraWcZak, “Human Genome Mutations” (BIOS Publ. 
1993)), including, for example, hemophilias, thalassemias, 
Duchenne muscular dystrophy, Huntington’s disease, AlZhe 
imer’s disease and cystic ?brosis, as Well as various cancers 
such as breast cancer. In addition to mutated genes that result 
in genetic disease, certain birth defects are the result of 
chromosomal abnormalities, including, for example, tri 
somy 21 (DoWn’s syndrome), trisomy 13 (Patau syndrome), 
trisomy 18 (Edwards syndrome), monosomy X (Turner’s 
syndrome) and other sex chromosome aneuploidies such as 
Klinefelter’s syndrome 

[0004] Other genetic diseases are caused by an abnormal 
number of trinucleotide repeats in a gene. These diseases 
include Huntington’s disease, prostate cancer, spinal cer 
ebellar ataxia 1 (SCA-1), Fragile X syndrome (Kremer et al., 
Science 252:1711-14 (1991); Fu et al., Cell 67:1047-58 
(1991); Hirst et al., J. Med. Genet. 28:824-29 (1991)); 
myotonic dystrophy type I (Mahadevan et al., Science 
255:1253-55 (1992); Brook et al., Cell 68:799-808 (1992)), 
Kennedy’s disease (also termed spinal and bulbar muscular 
atrophy (La Spada et al., Nature 352:77-79 (1991)), 
Machado-Joseph disease, and dentatorubral and pallidoly 
usian atrophy. The aberrant number of triplet repeats can be 
located in any region of a gene, including a coding region, 
a non-coding region of an exon, an intron, or a regulatory 
element such as a promoter. In certain of these diseases, for 
example, prostate cancer, the number of triplet repeats is 
positively correlated With prognosis of the disease. 

[0005] Evidence indicates that ampli?cation of a trinucle 
otide repeat is involved in the molecular pathology in each 
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of the disorders listed above. Although some of these 
trinucleotide repeats appear to be in non-coding DNA, they 
clearly are involved With perturbations of genomic regions 
that ultimately affect gene expression. Perturbations of vari 
ous dinucleotide and trinucleotide repeats resulting from 
somatic mutation in tumor cells also can affect gene expres 
sion or gene regulation. 

[0006] Additional evidence indicates that certain DNA 
sequences predispose an individual to a number of other 
diseases, including diabetes, arteriosclerosis, obesity, vari 
ous autoimmune diseases and cancers such as colorectal, 
breast, ovarian and lung cancer. Knowledge of the genetic 
lesion causing or contributing to a genetic disease alloWs 
one to predict Whether a person has or is at risk of devel 
oping the disease or condition and also, at least in some 
cases, to determine the prognosis of the disease. 

[0007] Numerous genes have polymorphic regions. Since 
individuals have any one of several allelic variants of a 
polymorphic region, each can be identi?ed based on the type 
of allelic variants of polymorphic regions of genes. Such 
identi?cation can be used, for example, for forensic pur 
poses. In other situations, it is crucial to knoW the identity of 
allelic variants in an individual. For example, allelic differ 
ences in certain genes such as the major histocompatibility 
complex (MHC) genes are involved in graft rejection or 
graft versus host disease in bone marroW transplantation. 
Accordingly, it is highly desirable to develop rapid, sensi 
tive, and accurate methods for determining the identity of 
allelic variants of polymorphic regions of genes or genetic 
lesions. 

[0008] Several methods are used for identifying of allelic 
variants or genetic lesions. For example, the identity of an 
allelic variant or the presence of a genetic lesion can be 
determined by comparing the mobility of an ampli?ed 
nucleic acid fragment With a knoWn standard by gel elec 
trophoresis, or by hybridiZation With a probe that is comple 
mentary to the sequence to be identi?ed. Identi?cation, 
hoWever, only can be accomplished if the nucleic acid 
fragment is labeled With a sensitive reporter function, for 
example, a radioactive (32P, 35 S), ?uorescent or chemilumi 
nescent reporter. Radioactive labels can be haZardous and 
the signals they produce can decay substantially over time. 
Non-radioactive labels such as ?uorescent labels can suffer 
from a lack of sensitivity and fading of the signal When high 
intensity lasers are used. Additionally, labeling, electro 
phores’ is and subsequent detection are laborious, time 
consuming and error-prone procedures. Electrophoresis is 
particularly error-prone, since the siZe or the molecular 
Weight of the nucleic acid cannot be correlated directly to its 
mobility in the gel matrix because sequence speci?c effects, 
secondary structures and interactions With the gel matrix 
cause artifacts in its migration through the gel. 

[0009] Mass spectrometry has been used for the sequence 
analysis of nucleic acids (see, for example, Schram, Mass 
Spectrometry of Nucleic Acid Components, Biomedical 
Applications of Mass Spectrometry 34:203-287 (1990); 
Crain, Mass Spectrom. Rev. 9:505-554 (1990); Murray, J. 
Mass Spectrom. Rev. 31:1203 (1996); Nordhoff et al., J. 
Mass Spectrom. 15:67 (1997)). In general, mass spectrom 
etry provides a means of “Weighing” individual molecules 
by ioniZing the molecules in vacuo and making them “?y” 
by volatiliZation. Under the in?uence of electric and/or 
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magnetic ?elds, the ions folloW trajectories depending on 
their individual mass and charge For molecules With 
loW molecular Weight, mass spectrometry is part of the 
routine physical-organic repertoire for analysis and charac 
teriZation of organic molecules by the determination of the 
mass of the parent molecular ion. In addition, by arranging 
collisions of this parent molecular ion With other particles 
such as argon atoms, the molecular ion is fragmented, 
forming secondary ions by collisionally activated dissocia 
tion (CAD); the fragmentation pattern/pathWay very often 
alloWs the derivation of detailed structural information. 
Many applications of mass spectrometric methods are 
knoWn in the art, particularly in the biosciences (see Meth. 
EnzymoL, Vol. 193, “Mass Spectrometry” (McCloskey, ed.; 
Academic Press, NY 1990; McLaffery et al., Acc. Chem. 
Res. 27:297-386 (1994); Chait and Kent, Science 25711885 
1894 (1992); SiuZdak, Proc. Natl. Acad. Sci, USA 
91:11290-11297 (1994)), including methods for producing 
and analyZing biopolymer ladders (see, International PCT 
application No. WO 96/36732; US. Pat. No. 5,792,664). 
Despite the effort to apply mass spectrometry methods to the 
analysis of nucleic acid molecules, hoWever, there are limi 
tations, including physical and chemical properties of 
nucleic acids. Nucleic acids are very polar bipolymers that 
are difficult to volatiliZe. 

[0010] Accordingly, a need exists for methods to deter 
mine the identity of a nucleic acid molecule, particularly 
genetic lesions in a nucleic acid molecule, using alternative 
methodologies. Therefore it is an object herein to provide 
processes and compositions that satisfy this need and pro 
vide additional advantages. 

SUMMARY OF THE INVENTION 

[0011] Processes and kits for determining the identity of a 
target polypeptide by mass spectrometry are provided. The 
processes include the steps of determining the molecular 
mass of a target polypeptide or a fragment or fragments 
thereof by mass spectrometry, and then comparing the mass 
to a standard, Whereby the identity of the polypeptide can be 
ascertained. Identity includes, but is not limited to, identi 
fying the sequence of the polypeptide, identifying a change 
in a sequence compared to a knoWn polypeptide, and other 
means by Which polypeptides and mutations thereof can be 
identi?ed. Selection of the standard Will be determined as a 
function of the information desired. 

[0012] One process for determining the identity of a target 
polypeptide includes the steps of a) obtaining a target 
polypeptide; b) determining the molecular mass of the target 
polypeptide by mass spectrometry, and c) by comparing the 
molecular mass of the target polypeptide With the molecular 
mass of a corresponding knoWn polypeptide. By comparing 
the molecular mass of the target With a knoWn polypeptide 
having a knoWn structure, the identity of the target polypep 
tide can be ascertained. As disclosed herein, the polypeptide 
is obtained by methods including transcribing a nucleic acid 
encoding the target polypeptide into RNA and translating the 
RNA into the target polypeptide. If desired, transcription of 
the nucleic acid or translation of the RNA, or both, can be 
performed in vitro. 

[0013] A process as disclosed herein also can include a 
step of amplifying a nucleic acid encoding the target 
polypeptide prior to step a), for example, by performing the 
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polymerase chain reaction (PCR) using a forWard primer 
and a reverse primer. The forWard primer or the reverse 
primer can contain an RNA polymerase promoter such as an 
SP6 promoter, T3 promoter, or T7 promoter. In addition, a 
primer can contain a nucleotide sequence for a transcription 
start site. A primer also can encode a translation START 
(ATG) codon. Accordingly, a target polypeptide can be 
translated from a nucleic acid that is not naturally tran 
scribed or translated in vivo, for example, by incorporating 
a START codon in the nucleic acid to be translated, thereby 
providing a translation reading frame. Furthermore, a primer 
can contain a nucleotide sequence, or complement thereof, 
encoding a second peptide or polypeptide, for example, a tag 
peptide such as a myc epitope tag, a Haemogphilus in?uenza 
hemagglutinin peptide tag, a polyhistidine sequence, a polyl 
ysine sequence or a polyarginine sequence. A process as 
disclosed herein can be performed in vivo, for example, in 
a host cell such as a bacterial host cell transformed With a 
nucleic acid encoding a target polypeptide or a eukaryotic 
host cell such as a mammalian cell transfected With a nucleic 
acid encoding a target polypeptide. 

[0014] A process as disclosed is performed using a mass 
spectrometric analysis, including for example, matrix 
assisted laser desorption ioniZation (MALDI), continuous or 
pulsed electrospray ioniZation, ionspray, thermospray, or 
massive cluster impact mass spectrometry and a detection 
format such as linear time-of-?ight (TOF), re?ectron time 
of-?ight:, single quadruple, multiple quadruple, single mag 
netic sector, multiple magnetic sector, Fourier transform ion 
cyclotron resonance, ion trap, and combinations thereof such 
as MALDI-TOF spectrometry. An advantage of using a 
process as provided is that no radioactive label is required. 
Another advantage is that relatively short polypeptides can 
be synthesiZed from a target nucleic acid, thus providing an 
accurate measurement of molecular Weight by mass spec 
trometry, as compared to analysis of the nucleic acid itself. 

[0015] An RNA molecule encoding a target polypeptide 
can be translated in a cell-free extract, Which can be a 
eukaryotic cell-free extract such as a reticulocyte lysate, a 
Wheat germ extract, or a combination thereof; or a prokary 
otic cell-free extract, for example, a bacterial cell extract 
such as an E. coli S30 extract. If desired, translation and 
transcription of a target nucleic acid can be performed in the 
same cell-free extract, for example, a reticulocyte lysate or 
a prokaryotic cell extract. 

[0016] A target polypeptide generally is isolated prior to 
being detected by mass spectrometric analysis. For example, 
the polypeptide can be isolated from a cell or tissue obtained 
from a subject such as a human. The target polypeptide can 
be isolated using a reagent that interacts speci?cally With the 
target polypeptide, for example, an antibody that interacts 
speci?cally With the target polypeptide, or the target 
polypeptide can be fused to a tag peptide and isolated using 
a reagent that interacts speci?cally With the tag peptide, for 
example, an antibody speci?c for the tag peptide. A reagent 
also can be another molecule that interacts speci?cally With 
the tag peptide, for example, metal ions such as nickel or 
cobalt ions, Which interact speci?cally With a hexahistidine 
(His-6) tag peptide. 

[0017] A target polypeptide can be immobiliZed to a solid 
support, such as a bead or a microchip, Which can be a ?at 
surface or a surface With structures made of essentially any 
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material commonly used for fashioning such a device. A 
microchip is useful, for example, for attaching moieties in an 
addressable array. Immobilization of a target polypeptide 
provides a means to isolate the polypeptide, as Well as a 
means to manipulate the isolated target polypeptide prior to 
mass spectrometry. 

[0018] Methods are provided for sequencing an immobi 
liZed target polypeptide, including sequencing from the 
carboxyl terminus or from the amino terminus. Furthermore, 
methods of determining the identity of each of the target 
polypeptides in a plurality of target polypeptides by multi 
plexing are provided. 

[0019] In particular embodiments, post translational cap 
ture and immobiliZation of a target polypeptide via a cleav 
able linker are provided in order to orthogonally sequence a 
polypeptide. These methods can include: 1) obtaining the 
target polypeptide; 2) immobiliZing the target polypeptide to 
a solid surface; 3) treating the immobiliZed target polypep 
tide With an enZyme or chemical in a time dependent manner 
to generate a series of deleted fragments; 4) the cleaved 
polypeptide fragments are conditioned; 5) cleaving the 
linker and thereby releasing the immobiliZed fragments; 6) 
determining the mass of the release fragments; and 7) 
aligning the masses of each of the polypeptide fragments to 
determine the amino acid sequence. Variants of these meth 
ods in Which one or more steps are combined or eliminated 
are also contemplated. 

[0020] In one embodiment, the second step includes 
immobiliZing the amino terminal portion of the polypeptide 
to a solid support via a photocleavable linker. In a more 
preferred embodiment, the solid support is activated as 
described in FIG. 2 and alloWed to react With the amino 
group of a target polypeptide. 

[0021] In another embodiment, the second step includes 
immobiliZing the carboxy terminal portion of the polypep 
tide to a solid support via a photocleavable linker. In a more 
preferred embodiment, a photocleavable linker is a linker 
that can be cleaved from the solid support With light. In a 
more preferred embodiment, the solid support is activated as 
described in FIG. 3 and alloWed to react With the carboxy 
group of a target polypeptide. 

[0022] In another embodiment, the second step includes 
immobiliZing either the carboxy or amino termini of group 
of different polypeptides to a solid support in an array format 
via a photocleavable linker. In a more preferred embodi 
ment, discrete areas of a silicon surface are activated With 
the chemistry described in FIG. 2 and an array composed of 
from 2 to 999 positions. 

[0023] In another embodiment, the second step includes 
immobiliZing the amino terminal portion of the polypeptide 
to a solid support via a cleavable linker. In a more preferred 
embodiment, a cleavable linker is a silyl linker that can be 
cleaved from the solid support. In a more preferred embodi 
ment, the solid support is activated as described in FIG. 2 
and alloWed to react With the amino group of a target 
polypeptide. 

[0024] In another embodiment, the second step includes 
immobiliZing the carboxy terminal portion of the polypep 
tide to a solid support via a cleavable linker. In a more 
preferred embodiment, a cleavable linker is a silyl linker that 
can be cleaved from the solid support. In a more preferred 
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embodiment, the solid support is activated as described in 
FIG. 3 and alloWed to react With the carboxy group of a 
target polypeptide. 

[0025] In another embodiment, the second step includes 
immobiliZing either the carboxy or the amino termini of a 
group of different polypeptides to a solid support in an array 
format via a cleavable linker. In a more preferred embodi 
ment, discrete areas of a silicon surface are activated With 
the chemistry described in FIG. 2, thereby forming an array, 
preferably composed of from 2 to 999 positions. 

[0026] In another embodiment, the third step includes 
immobiliZing the amino terminal end of the target polypep 
tide(s) to the solid support and treating With an exopeptidase. 
In a preferred embodiment, exopeptidase digestion is carried 
out in a time dependent manner to generate a nested group 
of immobiliZed polypeptide fragments of varying lengths. In 
a more preferred embodiment, exopeptidase is selected from 
a group of one or more mono-peptidases and polypeptidases 
including carboxypeptidase Y, carboxpeptidase P, carbox 
ypeptidase A, carboxypeptidase G and carboxypeptidase B. 

[0027] In another embodiment, the exopeptidase is 
selected from a group of one or more mono-peptidases and 
polypeptidases including aminopeptidases including alanine 
aminopeptidase, leucine aminopeptidase, pyroglutamate 
peptidase, dipeptidyl peptidase, microsomal peptidase and 
other enZymes Which progressively digest the amino termi 
nal end of a polypeptidase. 

[0028] In another embodiment, the third step comprises a 
step Where exopeptidase digestion is carried out under 
reaction conditions that remove any secondary or tertiary 
structure, leaving the terminal residues of the polypeptide 
inaccessible to exopeptidases. In a preferred embodiment, 
the reaction conditions expose the terminus of a target 
polypeptide(s) to temperatures over about 70° C. and beloW 
about 100° C. In a more preferred embodiment, the exopep 
tidase is a thermostable carboxypeptidase or aminopepti 
dase. In another preferred embodiment, the reaction condi 
tions expose the terminus of a target polypeptide(s) to high 
ionic strength conditions. In a more preferred embodiment, 
the exopeptidase is a salt tolerant carboxypeptidase or 
aminopeptidase. 

[0029] In another embodiment, the second step includes 
conditioning of polypeptide after enZymatic treatment or 
puri?cation. In a more preferred embodiment, methods of 
conditioning include methods that prepare the polypeptide 
or polypeptide fragments in a manner that generally 
improves mass spectrometric analysis. In a more preferred 
embodiment, conditioning may include cation exchange. 

[0030] Kits containing components useful for determining 
the identity of a target polypeptide based on a process as 
disclosed herein also are provided. Such a kit can contain, 
reagents for in vitro transcription and/or translation of the 
ampli?ed nucleic acid to obtain the target polypeptide; 
optionally, a reagent for isolating the target polypeptide; and 
instructions for use in determining the identity of a target 
polypeptide by mass spectrometric analysis. The kits may 
also include, for example, forWard or reverse primers 
capable of hybridiZing to a nucleic acid encoding the target 
polypeptide and amplifying the nucleic acid. Such kits also 
can contain an organic or inorganic solvent, for example, a 
salt of ammonium, or a reagent system for volatiliZing and 
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ionizing the target polypeptide prior to mass spectrometric 
analysis. In addition, a kit can contain a control nucleic acid 
or polypeptide of knoWn identity. Akit also can provide, for 
example, a solid support for immobilizing a target polypep 
tide, including, if desired, reagents for performing such 
immobiliZation. A kit further can contain reagents useful for 
manipulating a target polypeptide, for example, reagents for 
conditioning the target polypeptide prior to mass spectrom 
etry or reagents for sequencing the polypeptide. A kit as 
disclosed herein is useful for performing the various dis 
closed processes and can be designed, for example, for use 
in determining the number of nucleotide repeats of a target 
nucleic acid or Whether a target nucleic acid contains a 
different number of nucleotide repeats relative to a reference 
nucleic acid. 

[0031] A target polypeptide can be encoded by an allelic 
variant of a polymorphic region of a gene of a subject, or can 
be encoded by an allelic variant of a polymorphic region that 
is located in a chromosomal region that is not in a gene. A 
process as disclosed herein can include a step of determining 
Whether the allelic variant is identical to an allelic variant of 
a polymorphic region that is associated With a disease or 
condition, thereby indicating Whether a subject has or is at 
risk of developing the disease or condition associated With 
the speci?c allelic variant of the polymorphic region of the 
gene. The disease or condition can be associated, for 
example, With an abnormal number of nucleotide repeats, 
for example, dinucleotide, trinucleotide, tetranucleotide or 
pentanucleotide repeats. Since trinucleotide repeats, for 
example, can be very long, determination of the number of 
trinucleotide repeats by analyZing the DNA directly Would 
not be straightforWard. Since a process for determining the 
identity of a target polypeptide as disclosed herein is based 
on the analysis of a polypeptide, particularly a polypeptide 
encoded essentially by trinucleotide repeats, determination 
of the number of trinucleotide repeats Will be more accurate 
using the disclosed processes and kits. Adisease or condition 
that can be identi?ed using a disclosed process or kit 
includes, for example, Huntington’s disease, prostate cancer, 
Fragile X syndrome type A, myotonic dystrophy type I 
Kennedy’s disease, Machado-Joseph disease, dentatorubral 
and pallidolyusian atrophy, and spino bulbar muscular atro 
phy; as Well as aging, Which can be identi?ed by examining 
the number of nucleotide repeats in telomere nucleic acid 
from a subject. The disease or condition also can be asso 
ciated With a gene such as genes encoding BRCAl, BRCA2, 
APC; a gene encoding dystrophin, [3-globin, Factor IX, 
Factor VIIc, ornithine-d-amino-transferase, hypoxanthine 
guanine phosphoribosyl transferase, or the cystic ?brosis 
transmembrane receptor (CFTR); or a proto-oncogene. 

[0032] A process or a kit as disclosed herein can be used 
to genotype a subject by determining the identity of one or 
more allelic variants of one or more polymorphic regions in 
one or more genes or chromosomes of the subject. For 
example, the one or more genes can be associated With graft 
rejection and the process can be used to determine compat 
ibility betWeen a donor and a recipient of a graft. Such genes 
can be MHC genes, for example. Genotyping a subject using 
a process as provided herein can be used for forensic or 
identity testing purposes and the polymorphic regions can be 
present in mitochondrial genes or can be short tandem 
repeats. 
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[0033] A disclosed process or kit also can be used to 
determine Whether a subject carries a pathogenic organism 
such as a virus, bacterium, fungus or protist. A process for 
determining the isotype of a pathogenic organism also is 
provided. Thus, depending on the sequence to be detected, 
the processes and kits disclosed herein can be used, for 
example, to diagnose a genetic disease or chromosomal 
abnormality; a predisposition to or an early indication of a 
gene in?uenced disease or condition, for example, obesity, 
atherosclerosis, diabetes or cancer; or an infection by a 
pathogenic organism, for example, a virus, bacterium, para 
site or fungus; or to provide information relating to identity, 
heredity or compatibility using, for example, mini-satellite 
or micro-satellite sequences or HLA phenotyping. 

[0034] Aprocess as disclosed herein provides a means for 
determining the amino acid sequence of a polypeptide of 
interest. Such a process can be performed, for example, by 
using mass spectrometry to determine the identity of an 
amino acid residue released from the amino terminus or the 
carboxyl terminus of a polypeptide of interest. Such a 
process also can be performed, for example, by producing a 
nested set of carboxyl terminal or amino terminal deletion 
fragments of a polypeptide of interest, or peptide fragment 
thereof, and subjecting the nested set of deletion fragments 
to mass spectrometry, thereby determining the amino acid 
sequence of the polypeptide. 

[0035] A process of determining the amino acid sequence 
of a polypeptide of interest can be performed, for example, 
using a polypeptide that is immobiliZed, reversibly, if 
desired, to a solid support. In addition, such a process can be 
performed on a plurality of such polypeptides, Which can be, 
for example, a plurality of target polypeptides immobiliZed 
in an addressable array on a solid support such as a micro 
chip, Which can contain, for example, at least 2 positions, 
and as many as 999 positions, or 1096 positions, or 9999 
positions, or more. In general, a target polypeptide, or the 
amino acids released therefrom, are conditioned prior to 
mass spectrometry, thereby increasing resolution of the mass 
spectrum. For example, a target polypeptide can be condi 
tioned by mass modi?cation. In addition, the amino acid 
sequences of a plurality of mass modi?ed target polypeptide 
can be determined by mass spectrometry using a multiplex 
ing format. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1A shoWs the nucleotide sequence of a 
nucleic acid (SEQ ID NO: 8) that can be obtained by PCR 
ampli?cation of DNA containing a non-variable stretch of 
12 CAG repeats (shoWn Without italics) and a variable 
repeat of 10 CAG repeat units (represented in italics) With 
primers (underlined) having the sequence (forWard primer) 
or the complement of the sequence (reverse primer). The T7 
promoter sequence and the sequence encoding a hexahisti 
dine (His-6) peptide are represented in bold. 

[0037] FIG. 1B shoWs the sequence (SEQ ID NO: 9) of 
the 71 amino acid polypeptide encoded by the nucleic acid 
sequence shoWn in FIG. 1A. The stretch of 10 variable 
glutamine (Q) residues encoded by the trinucleotide repeats 
is represented in italics. The His-6 peptide is represented in 
bold. 

[0038] FIG. 2 sets forth an exemplary scheme for 
orthogonal capture, cleavage and MALDI analysis of a 
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polypeptide in Which the peptide is conjugated to a solid 
surface, Which can be a microchip, through the use of an acid 
cleavable diisopropylysilyl linker. The peptide is conjugated 
to the linker at its amino terminus through the formation of 
an amide bond. The immobilized polypeptide can be trun 
cated, for example, using a carboxypeptidase, or can be 
cleaved using an endopeptidase such as trypsin, then is 
cleaved from the solid support by exposure to acidic con 
ditions such as the 3-HPA (3-hydroxypicolinic acid) matrix 
solution. The cleaved polypeptide then is subjected to mass 
spectrometry, for example, MALDI. 

[0039] FIG. 3 illustrates additional linkers and capture 
strategies for reversibly immobilizing a polypeptide on a 
solid surface, and provides reaction conditions for conju 
gating a polypeptide by its carboxyl terminus to a solid 
support using 1 -ethyl-3-(3-dimethylamino-propyl) carbodi 
imide hydrochloride (EDC)/N-hydroxy succinimidyl 
(NHS). 

DETAILED DESCRIPTION OF THE 
INVENTION 

DEFINITIONS 

[0040] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to Which this 
invention belongs. All patents, applications and publications 
referred to herein are incorporated by reference. For conve 
nience, the meaning of certain terms and phrases used in the 
speci?cation and claims are provided. 

[0041] As used herein, the term “allele” refers to an 
alternative form of a nucleotide sequence in a chromosome. 
Reference to an “allele” includes a nucleotide sequence in a 

gene or a portion thereof, as Well as a nucleotide sequence 
that is not a gene sequence. Alleles occupy the same locus 
or position on homologous chromosomes. A subject having 
tWo identical alleles of a gene is considered “homozygous” 
for the allele, Whereas a subject having tWo different alleles 
is considered “heterozygous.” Alleles of a speci?c nucle 
otide sequence, for example, of a gene can differ from each 
other in a single nucleotide, or several nucleotides, Where 
the difference can be due to a substitution, deletion, or 
insertion of one or more nucleotides. A form of a gene 
containing a mutation is an example of an allele. In com 
parison, a Wild-type allele is an allele that, When present in 
tWo copies in a subject, results in a Wild-type phenotype. 
There can be several different Wild-type alleles of a speci?c 
gene, since certain nucleotide changes in a gene may not 
affect the phenotype of a subject having tWo copies of the 
gene With the nucleotide changes. 

[0042] The term “allelic variant” refers to a portion of an 
allele containing a polymorphic region in the chromosomal 
nucleic acid. The term “allelic variant of a polymorphic 
region of a gene” refers to a region of a gene having one of 
several nucleotide sequences found in that region of the gene 
in different individuals. The term “determining the identity 
of an allelic variant of a polymorphic region” refers to the 
determination of the nucleotide sequence or encoded amino 
acid sequence of a polymorphic region, thereby determining 
to Which of the possible allelic variants of a polymorphic 
region that particular allelic variant corresponds. 

[0043] The term “polymorphism” refers to the coexist 
ence, in a population, of more than one form of an allele. A 
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polymorphism can occur in a region of a chromosome not 
associated With a gene or can occur, for example, as an 
allelic variant or a portion thereof of a gene. Aportion of a 
gene that exists in at least tWo different forms, for example, 
tWo different nucleotide sequences, is referred to as a 
“polymorphic region of a gene.” A polymorphic region of a 
gene can be localized to a single nucleotide, the identity of 
Which differs in different alleles, or can be several nucle 
otides long. 

[0044] As used herein, the term “biological sample” refers 
to any material obtained from a living source, for example, 
an animal such as a human or other mammal, a plant, a 
bacterium, a fungus, a protist or a virus. The biological 
sample can be in any form, including a solid material such 
as a tissue, cells, a cell pellet, a cell extract, or a biopsy, or 
a biological ?uid such as urine, blood, saliva, amniotic ?uid, 
exudate from a region of infection or in?ammation, or a 
mouth Wash containing buccal cells. 

[0045] The term “polypeptide,” as used herein, means at 
least tWo amino acids, or amino acid derivatives, including 
mass modi?ed amino acids, that are linked by a peptide 
bond, Which can be a modi?ed peptide bond. Apolypeptide 
can be translated from a nucleotide sequence that is at least 
a portion of a coding sequence, or from a nucleotide 
sequence that is not naturally translated due, for example, to 
its being in a reading frame other than the coding frame or 
to its being an intron sequence, a 3‘ or 5‘ untranslated 
sequence, or a regulatory sequence such as a promoter. A 
polypeptide also can be chemically synthesized and can be 
modi?ed by chemical or enzymatic methods folloWing 
translation or chemical synthesis. The terms “protein, 
”“polypeptide” and “peptide” are used interchangeably 
herein When referring to a translated nucleic acid, for 
example, a gene product. 

[0046] As used herein, the phrase “determining the iden 
tity of a target polypeptide” refers to determining at least one 
characteristic of the polypeptide, for example, the molecular 
mass or charge, or the identity of at least one amino acid, or 
identifying a particular pattern of peptide fragments of the 
target polypeptide. Determining the identity of a target 
polypeptide can be performed, for example, by using mass 
spectrometry to determine the amino acid sequence of at 
least a portion of the polypeptide, or to determine the pattern 
of peptide fragments of the target polypeptide produced, for 
example, by treatment of the polypeptide With one or more 
endopeptidases. 

[0047] In determining the identity of a target polypeptide, 
the number of nucleotide repeats encoding the target 
polypeptide can be quanti?ed. As used herein, the term 
“quantify,” When used in reference to nucleotide repeats 
encoding a target polypeptide, means a determination of the 
exact number of nucleotide repeats present in the nucleotide 
sequence encoding the target polypeptide. As disclosed 
herein, the number of nucleotide repeats, for example, 
trinucleotide repeats, can be quanti?ed by using mass spec 
trometry to determine the number of amino acids, Which are 
encoded by the repeat, that are present in the target polypep 
tide. It is recognized, hoWever, that the number of nucleotide 
repeats encoding a target polypeptide need not be quanti?ed 
to determine the identity of a target polypeptide, since a 
measure of the relative number of amino acids encoded by 
a region of nucleotide repeats also can be used to determine 
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the identity of the target polypeptide by comparing the mass 
spectrum of the target polypeptide With that of a correspond 
ing known polypeptide. 

[0048] As used herein, the term “nucleotide repeats” refers 
to any nucleotide sequence containing tandemly repeated 
nucleotides. Such tandemly repeated nucleotides can be, for 
example, tandemly repeated dinucleotide, trinucleotide, tet 
ranucleotide or pentanucleotide sequences, or any tandem 
array of repeated units. 

[0049] As used herein, a reference polypeptide is a 
polypeptide to Which the target polypeptide is compared in 
order to identify the polypeptide in methods that do not 
involve sequencing the polypeptide. Reference polypeptides 
typically are knoWn polypeptides. 

[0050] As used herein, the term “conditioned” or “condi 
tioning,” When used in reference to a polypeptide, particu 
larly a target polypeptide, means that the polypeptide is 
modi?ed so as to decrease the laser energy required to 
volatiliZe the polypeptide, to minimize the likelihood of 
fragmentation of the polypeptide, or to increase the resolu 
tion of a mass spectrum of the polypeptide or of the 
component amino acids. Resolution of a mass spectrum of 
a target polypeptide can be increased by conditioning the 
polypeptide prior to performing mass spectrometry. Condi 
tioning can be performed at any stage prior to mass spec 
trometry and, in particular, can be performed While the 
polypeptide is immobiliZed. A polypeptide can be condi 
tioned, for example, by treating the polypeptide With a 
cation exchange material or an anion exchange material, 
Which can reduce the charge heterogeneity of the polypep 
tide, thereby for eliminating peak broadening due to hetero 
geneity in the number of cations (or anions) bound to the 
various polypeptides in a population. Contacting a polypep 
tide With an alkylating agent such as alkyliodide, iodoac 
etamide, iodoethanol, or 2,3-epoxy-1-propanol, the forma 
tion of disul?de bonds, for example, in a polypeptide can be 
prevented. Likewise, charged amino acid side chains can be 
converted to uncharged derivatives employing trialkylsilyl 
chlorides. 

[0051] Conditioning of proteins is generally unnecessary 
because proteins are relatively stable under acidic, high 
energy conditions so that proteins do not require condition 
ing for mass spectrometric analyses. There are means of 
improving resolution, hoWever, particularly for shorter pep 
tides, such as by incorporating modi?ed amino acids that are 
more basic than the corresponding unmodi?ed residues. 
Such modi?cation in general increases the stability of the 
polypeptide during mass spectrometric analysis. Also, cation 
exchange chromatography, as Well as general Washing and 
puri?cation procedures Which remove proteins and other 
reaction mixture components aWay from the target polypep 
tide, can be used to clean up the peptide after in vitro 
translation and thereby increase the resolution of the spec 
trum resulting from mass spectrometric analysis of the target 
polypeptide. 

[0052] As used herein, delayed extraction, refers to meth 
ods in Which conditions are selected to permit a longer 
optimum extraction delay and hence a longer residence time, 
Which results in increased resolution (see, eg., JuhasZ et al. 
(1996) Analysis, Anal. Chem. 681941-946; and Vestal et al. 
(1995) Rapid Communications in Mass Spectrometry 
911044-1050; see also, eg., US. Pat. No. 5,777,325, US. 
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Pat. No. 5,742,049, US. Pat. No. 5,654,545, US. Pat. No. 
5,641,959, US. Pat. No. 5,654,545 and US. Pat. No. 
5,760,393 for descriptions of MALDI and delayed extrac 
tion protocols). In particular, delayed ion extraction is a 
technique Whereby a time delay is introduced betWeen the 
formation of the ions and the application of the accelerating 
?eld. During the time lag, the ions move to neW positions 
according to their initial velocities. By properly choosing the 
delay time and the electric ?elds in the acceleration region, 
the time of ?ight of the ions can be adjusted so as to render 
the ?ight time independent of the initial velocity to the ?rst 
order. For example, a particular method involves exposure 
of the target polypeptide sample to an electric ?eld before 
and during the ioniZation process, Which results in a reduc 
tion of background signal due to the matrix, induces fast 
fragmentation and controls the transfer of energy prior to ion 
extraction. 

[0053] As used herein, the term “multiplexing” refers to 
simultaneously determining the identity of at least tWo target 
polypeptides by mass spectrometry. For example, Where a 
population of different target polypeptides are present in an 
array on a microchip or are present on another type of solid 
support, multiplexing can be used to determine the identity 
of a plurality of target polypeptides. Multiplexing can be 
performed, for example, by differentially mass modifying 
each different polypeptide of interest, then using mass 
spectrometry to determine the identity of each different 
polypeptide. Multiplexing provides the advantage that a 
plurality of target polypeptides can be identi?ed in as feW as 
a single mass spectrum, as compared to having to perform 
a separate mass spectrometry analysis for each individual 
target polypeptide. 

[0054] As used herein, the term “plurality,” When used in 
reference to a polynucleotide or to a polypeptide, means tWo 
or more polynucleotides or polypeptides, each of Which has 
a different nucleotide or amino acid sequence, respectively. 
Such a difference can be due to a naturally occurring 
variation among the sequences, for example, to an allelic 
variation in a nucleotide or an encoded amino acid, or can 
be due to the introduction of particular modi?cations into 
various sequences, for example, the differential incorpora 
tion of mass modi?ed amino acids into each polypeptide in 
a plurality. 

[0055] As used herein, “in vitro transcription system” 
refers to a cell-free system containing an RNA polymerase 
and other factors and reagents necessary for transcription of 
a DNA molecule operably linked to a promoter that speci? 
cally binds an RNA polymerase. An in vitro transcription 
system can be a cell extract, for example, a eukaryotic cell 
extract. The term “transcription,” as used herein, generally 
means the process by Which the production of RNA mol 
ecules is initiated, elongated and terminated based on a DNA 
template. In addition, the process of “reverse transcription,” 
Which is Well knoWn in the art, is considered as encom 
passed Within the meaning of the term “transcription” as 
used herein. Transcription is a polymeriZation reaction that 
is catalyZed by DNA-dependent or RNA-dependent RNA 
polymerases. Examples of RNA polymerases include the 
bacterial RNA polymerases, SP6 RNA polymerase, T3 RNA 
polymerase, T3 RNA polymerase, and T7 RNA polymerase. 

[0056] As used herein, the term “translation” describes the 
process by Which the production of a polypeptide is initiated, 
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elongated and terminated based on an RNA template. For a 
polypeptide to be produced from DNA, the DNA must be 
transcribed into RNA, then the RNA is translated due to the 
interaction of various cellular components into the polypep 
tide. In prokaryotic cells, transcription and translation are 
“coupled”, meaning that RNA is translated into a polypep 
tide during the time that it is being transcribed from the 
DNA. In eukaryotic cells, including plant and animal cells, 
DNA is transcribed into RNA in the cell nucleus, then the 
RNA is processed into mRNA, Which is transported to the 
cytoplasm, Where it is translated into a polypeptide. 

[0057] The term “translation system” refers to a cellular or 
cell-free system for performing a translation reaction. The 
term “cellular translation system” refers to a translation 
system based on a permeabiliZed cell; the term “cell-free 
translation system” or “in vitro translation system” refers to 
a cell extract or a reconstituted translation system. The term 
“reconstituted translation system” refers to a system con 
taining puri?ed or partially puri?ed translation factors such 
as elongation factors. An in vitro translation system contains 
at least the minimum elements necessary for translation of 
an RNA molecule into a polypeptide. An in vitro translation 
system, Which can be a eukaryotic or prokaryotic system, 
typically contains ribosomes, tRNA molecules, rRNA, an 
initiator methionyl-tRNAMet, proteins or complexes 
involved in translation, for example, eukaryotic initiation 
factor 2 (eIFZ), eIF3 and eIF4F, and the cap-binding complex, 
including the cap-binding protein. 

[0058] The term “isolated” as used herein With respect to 
a nucleic acid, including DNA and RNA, refers to nucleic 
acid molecules that are substantially separated from other 
macromolecules normally associated With the nucleic acid in 
its natural state. An isolated nucleic acid molecule is sub 
stantially separated from the cellular material normally 
associated With it in a cell or, as relevant, can be substan 
tially separated from bacterial or viral material; or from 
culture medium When produced by recombinant DNA tech 
niques; or from chemical precursors or other chemicals 
When the nucleic acid is chemically synthesiZed. In general, 
an isolated nucleic acid molecule is at least about 50% 
enriched With respect to its natural state, and generally is 
about 70% to about 80% enriched, particularly about 90% or 
95% or more. Preferably, an isolated nucleic acid constitutes 
at least about 50% of a sample containing the nucleic acid, 
and can be at least about 70% or 80% of the material in a 
sample, particularly at least about 90% to 95% or greater of 
the sample. An isolated nucleic acid can be a nucleic acid 
fragment that does not occur in nature and, therefore, is not 
found in a natural state. 

[0059] The term “isolated” also is used herein to refer to 
polypeptides that are substantially separated from other 
macromolecules normally associated With the polypeptide in 
its natural state. An isolated polypeptide can be identi?ed 
based on its being enriched With respect to materials it 
naturally is associated With or its constituting a fraction of a 
sample containing the polypeptide to the same degree as 
de?ned above for an “isolated” nucleic acid, i.e., enriched at 
least about 50% With respect to its natural state or consti 
tuting at least about 50% of a sample containing the 
polypeptide. An isolated polypeptide, for example, can be 
puri?ed from a cell that normally expresses the polypeptide 
or can be produced using recombinant DNA methodology. 
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[0060] As used herein, the term “nucleic acid” refers to a 
polynucleotide, including a deoxyribonucleic acid (DNA), a 
ribonucleic acid (RNA), and an analog of DNA or RNA 
containing, for example, a nucleotide analog or a “back 
bone” bond other than a phosphodiester bond, for example, 
a phosphotriester bond, a thioester bond, or a peptide bond 
(peptide nucleic acid). Anucleic acid can be single stranded 
or double stranded and can be, for example, a DNA-RNA 
hybrid. A nucleic acid also can be a portion of a longer 
nucleic acid molecule, for example, a portion of a gene 
containing a polymorphic region. The molecular structure of 
a nucleotide sequence, for example, a gene or a portion 
thereof, is de?ned by its nucleotide content, including dele 
tions, substitutions or additions of one or more nucleotides; 
the nucleotide sequence; the state of methylation; or any 
other modi?cation of the nucleotide sequence. 

[0061] Reference to a nucleic acid as a “polynucleotide” is 
used in its broadest sense to mean tWo or more nucleotides 

or nucleotide analogs linked by a covalent bond, including 
single stranded or double stranded molecules. The term 
“oligonucleotide” also is used herein to mean tWo or more 
nucleotides or nucleotide analogs linked by a covalent bond, 
although those in the art Will recogniZe that oligonucleotides 
such as PCR primers generally are less than about ?fty to 
one hundred nucleotides in length. The term “amplifying,” 
When used in reference to a nucleic acid, means the repeated 
copying of a DNA sequence or an RNA sequence, through 
the use of speci?c or non-speci?c means, resulting in an 
increase in the amount of the speci?c DNA or RNA 
sequences intended to be copied. 

[0062] A process as disclosed herein can be used to 
determine a nucleotide sequence of an unknoWn polynucle 
otide by comparing the amino acid sequence of a polypep 
tide encoded by the unknoWn polynucleotide With the amino 
acid sequence of a polypeptide encoded by a corresponding 
knoWn polynucleotide. The determined nucleotide sequence 
of the unknoWn polynucleotide can be the same as a natu 
rally occurring nucleotide sequence encoding the polypep 
tide, or can be different from the naturally occurring 
sequence due to degeneracy of the genetic code. 

[0063] As used herein, the term “unknown polynucle 
otide” refers to a polynucleotide, the encoded polypeptide of 
Which is being examined by mass spectrometry. Generally, 
an unknoWn polynucleotide is obtained from a biological 
sample The term “corresponding knoWn polynucleotide” 
means a de?ned counterpart of the unknoWn polynucleotide. 
A corresponding knoWn polynucleotide generally is used as 
a control for comparison to the unknoWn polynucleotide and 
can be, for example, the nucleotide sequence of an allele of 
the unknoWn polynucleotide that is present in the majority of 
subjects in a population. For example, an “unknoWn poly 
nucleotide” can be a DNA sequence that is obtained from a 
prostate cancer patient and includes the polymorphic region 
that demonstrates ampli?cation of a trinucleotide sequence 
associated With prostate cancer, and the “corresponding 
knoWn polynucleotide” can be the same polymorphic region 
from a subject that does not have prostate cancer, for 
example, from a female subject. An unknoWn polynucle 
otide also can be mutated gene, Which can alter the pheno 
type of a subject as compared to a subject not having the 
mutated gene. Amutated gene can be recessive, dominant or 
codominant, as is Well knoWn in the art. 
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[0064] The term “plasmid” refers generally to a circular 
DNA sequence Which, in its vector form, is not bound to a 
chromosome. The terms “plasmid” and “vector” are used 
interchangeably herein, since the plasmid is the most com 
monly used form of a vector. Vectors such as a lambda 
vector can be linear but, nevertheless, are included Within 
the meaning of the term “plasmid” or “vector” as used 
herein. Expression vectors and other vectors serving equiva 
lent functions, and that become knoWn in the art subse 
quently hereto, are included Within the meaning of the term 
“plasmid” or “vector” as used herein. 

[0065] In general, a nucleic acid encoding a polypeptide of 
interest, for example, a target polypeptide, is cloned into a 
plasmid and is operably linked to regulatory elements nec 
essary for transcription or translation of the cloned nucleic 
acid. As used herein, the term “operably linked” means that 
a nucleic acid encoding a polypeptide is associated With a 
regulatory element, particularly a promoter, such that the 
regulatory element performs its function With respect to the 
nucleic acid molecule to Which it is linked. For example, a 
promoter element that is operably linked to a nucleic acid 
alloWs for transcription of the nucleic acid When the con 
struct is placed in conditions suitable for transcription to 
occur. It should be recogniZed that the term “regulatory 
element” is used broadly herein to include a nucleotide 
sequence, either DNA or RNA, that is required for tran 
scription or translation, for example, a nucleotide sequence 
encoding a STOP codon or a ribosome binding site. 

[0066] The term “target nucleic acid” refers to any nucleic 
acid of interest, including a portion of a larger nucleic acid 
such as a gene or an mRNA. A target nucleic acid can be a 

polymorphic region of a chromosomal nucleic acid, for 
example, a gene, or a region of a gene potentially having a 
mutation. Target nucleic acids include, but are not limited to, 
nucleotide sequence motifs or patterns speci?c to a particu 
lar disease and causative thereof, and to nucleotide 
sequences speci?c as a marker of a disease but not neces 
sarily causative of the disease or condition. A target nucleic 
acid also can be a nucleotide sequence that is of interest for 
research purposes, but that may not have a direct connection 
to a disease or that may be associated With a disease or 

condition, although not yet proven so. A target nucleic acid 
can be any region of contiguous nucleotides that encodes a 
polypeptide of at least 2 amino acids, generally at least 3 or 
4 amino acids, particularly at least 5 amino acids. A target 
nucleic acid encodes a target polypeptide. 

[0067] The term “target polypeptide” refers to any 
polypeptide of interest that is subjected to mass spectrom 
etry for the purposes disclosed herein, for example, for 
identifying the presence of a polymorphism or a mutation. A 
target polypeptide contains at least 2 amino acids, generally 
at least 3 or 4 amino acids, and particularly at least 5 amino 
acids. A target polypeptide can be encoded by a nucleotide 
sequence encoding a protein, Which can be associated With 
a speci?c disease or condition, or a portion of a protein. A 
target polypeptide also can be encoded by a nucleotide 
sequence that normally does not encode a translated 
polypeptide. A target polypeptide can be encoded, for 
example, from a sequence of dinucleotide repeats or tri 
nucleotide repeats or the like, Which can be present in 
chromosomal nucleic acid, for example, a coding or a 
non-coding region of a gene, for example, in the telomeric 
region of a chromosome. 
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[0068] A process as disclosed herein also provides a 
means to identify a target polypeptide by mass spectrometric 
analysis of peptide fragments of the target polypeptide. As 
used herein, the term “peptide fragments of a target polypep 
tide” refers to cleavage fragments produced by speci?c 
chemical or enZymatic degradation of the polypeptide. The 
production of such peptide fragments of a target polypeptide 
is, de?ned by the primary amino acid sequence of the 
polypeptide, since chemical and enZymatic cleavage occurs 
in a sequence speci?c manner. Peptide fragments of a target 
polypeptide can be produced, for example, by contacting the 
polypeptide, Which can be immobiliZed to a solid support, 
With a chemical agent such as cyanogen bromide, Which 
cleaves a polypeptide at methionine residues, or hydroxy 
lamine at high pH, Which can cleave an Asp-Gly peptide 
bond; or With an endopeptidase such as trypsin, Which 
cleaves a polypeptide at Lys or Arg residues. 

[0069] The identity of a target polypeptide can be deter 
mined by comparison of the molecular mass or sequence 
With that of a reference or knoWn polypeptide. For example, 
the mass spectra of the target and knoWn polypeptides can 
be compared. 

[0070] As used herein, the term “corresponding or knoWn 
polypeptide” is a knoWn polypeptide generally used as a 
control to determine, for example, Whether a target polypep 
tide is an allelic variant of the corresponding knoWn 
polypeptide. It should be recogniZed that a corresponding 
knoWn protein can have substantially the same amino acid 
sequence as the target polypeptide, or can be substantially 
different. For example, Where a target polypeptide is an 
allelic variant that differs from a corresponding knoWn 
protein by a single amino acid difference, the amino acid 
sequences of the polypeptides Will be the same except for the 
single difference. Where a mutation in a nucleic acid encod 
ing the target polypeptide changes, for example, the reading 
frame of the encoding nucleic acid or introduces or deletes 
a STOP codon, the sequence of the target polypeptide can be 
substantially different from that of the corresponding knoWn 
polypeptide. 

[0071] As disclosed herein, a target polypeptide can be 
isolated using a reagent that interacts speci?cally With the 
target polypeptide, With a tag peptide fused to the target 
polypeptide, or With a tag conjugated to the target polypep 
tide. As used herein, the term “reagent” means a ligand or a 
ligand binding molecule that interacts speci?cally With a 
particular ligand binding molecule or ligand, respectively. 
The term “tag peptide” is used herein to mean a peptide that 
is speci?cally bound by a reagent. The term “tag” refers 
more generally to any molecule that is speci?cally bound by 
a reagent and, therefore, includes a tag peptide. A reagent 
can be, for example, an antibody that interacts speci?cally 
With an epitope of a target polypeptide or an epitope of a tag 
peptide. For example, a reagent can be an anti-myc epitope 
antibody, Which can interact speci?cally With a myc epitope 
fused to a target polypeptide. A reagent also can be, for 
example, a metal ion such as nickel ion or cobalt ion, Which 
interacts speci?cally With a polyhistidine tag peptide; or 
Zinc, copper or, for example, a Zinc ?nger domain, Which 
interacts speci?cally With an polyarginine or polylysine tag 
peptide; or a molecule such as avidin, streptavidin or a 
derivative thereof, Which interacts speci?cally With a tag 
such as biotin or a derivative thereof (see, e.g., U.S. appli 
cation Ser. No. 08/649,876. and also the corresponding 
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published International PCT application No. WO 97/43617, 
Which describe methods for dissociating biotin compounds, 
including biotin and biotin analogs conjugated (biotinylated) 
to the polypeptide, from biotin binding compounds, includ 
ing avidin and streptavidin, using amines, particularly 
ammonia). 
[0072] The term “interacts speci?cally,” When used in 
reference to a reagent and the epitope, tag peptide or tag to 
Which the reagent binds, indicates that binding occurs With 
relatively high af?nity. As such, a reagent has an af?nity of 
at least about 1><106 M_1, generally, at least about 1><107 
M_1, and, in particular, at least about 1><108 M_1, for the 
particular epitope, tag peptide or tag. Areagent that interacts 
speci?cally, for example, With a particular tag peptide pri 
marily binds the tag peptide, regardless of Whether other 
unrelated molecules are present and, therefore, is useful for 
isolating the tag peptide, particularly a target polypeptide 
fused to the tag peptide, from a sample containing the target 
polypeptide, for example, from an in vitro translation reac 
tion. 

[0073] It can be advantageous in performing a disclosed 
process to conjugate a nucleic acid, for example, a target 
nucleic acid, or a polypeptide, for example, a target polypep 
tide, to a solid support such as a bead, microchip, glass or 
plastic capillary, or any surface, particularly a ?at surface, 
Which can contain a structure such as Wells, pins or the like. 
A nucleic acid or a polypeptide can be conjugated to a solid 
support by various means, including, for example, by a 
streptavidin or avidin to biotin interaction; a hydrophobic 
interaction; by a magnetic interaction using, for example, 
functionaliZed magnetic beads such as DYNABEADS, 
Which are streptavidin coated magnetic beads (Dynal Inc.; 
Great Neck NY; Oslo NorWay); by a polar interaction such 
as a “Wetting” association betWeen tWo polar surfaces or 
betWeen oligo/polyethylene glycol; by the formation of a 
covalent bond such as an amide bond, a disul?de bond, a 
thioether bond; through a crosslinking agent; and through an 
acid-labile or photocleavable linker (see, for example, Her 
manson, “Bioconjugate Techniques” (Academic Press 
1996)). In addition, a tag or a peptide such as a tag peptide 
can be conjugated to polypeptide of interest, particularly to 
a target polypeptide. 

[0074] A process as disclosed herein can be useful for 
determining the amino acid sequence of a polypeptide of 
interest, for example, by using an agent that cleaves amino 
acids from a terminus of the polypeptide to produce a nested 
set of deletion fragments of the polypeptide and cleaved 
amino acids, and using mass spectrometry to identify either 
the cleaved amino acids or the deletion fragments. As used 
herein, the phrase “agent that cleaves amino acids from a 
terminus of a polypeptide” refers to a means, Which can be 
physical, chemical or biological, for removing a carboxyl 
terminal or an amino terminal amino acid from a polypep 
tide. A physical agent is exempli?ed by a light source, for 
example, a laser, that can cleave a terminal amino acid, 
particularly Where the amino acid is bound to the polypep 
tide through a photolabile bond. A chemical agent is exem 
pli?ed by phenylisothiocyanate (Edman’s reagent), Which, 
in the presence of an acid, cleaves an amino terminal amino 
acid from a polypeptide. Abiological agent that cleaves an 
amino acid from a terminus of a polypeptide is exempli?ed 
by enZymes such as aminopeptidases and carboxypepti 
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dases, Which are Well knoWn in the art (see, for example, 
US. Pat. No. 5,792,664; International Publ. No. WO 

96/367132). 
[0075] As used herein, the term “deletion fragment” refers 
to that portion of a polypeptide that remains folloWing 
cleavage of one or more amino acids. The phrase “nested set 
of deletion fragments,” When used in reference to a polypep 
tide to be sequenced, means a population of deletion frag 
ments that results from sequential terminal cleavage of the 
amino acids of the polypeptide and that contains at least one 
deletion fragment that terminates in each amino acid of the 
portion of the polypeptide to be sequenced. 

[0076] A process as disclosed herein can be used to 
identify a subject that has or is predisposed to a disease or 
condition. As used herein, the term “disease” has its com 
monly understood meaning of a pathologic state in a subject. 
For purposes of the present disclosure, a disease can be due, 
for example, to a genetic mutation, a chromosomal defect or 
an infectious organism. The term “condition,” Which is to be 
distinguished from conditioning of a polypeptide, is used 
herein to mean any state of a subject, including, for example, 
a pathologic state or a state that determines, in part, hoW the 
subject Will respond to a stimulus. The condition of a subject 
is determined, in part, by the subject’s genotype, Which can 
provide an indication as to hoW the subject Will respond, for 
example, to a graft or to treatment With a particular medi 
cament. Accordingly, reference to a subject being predis 
posed to a condition can indicate, for example, that the 
subject has a genotype indicating that the subject Will not 
respond favorably to a particular medicament. 

[0077] Reference herein to an allele or an allelic variant 
being “associated” With a disease or condition means that 
the particular genotype is characteristic, at least in part, of 
the genotype exhibited by a population of subjects that have 
or are predisposed to the disease or condition. For example, 
an allelic variant such as a mutation in the BRCA1 gene is 
associated With breast cancer, and an allelic variant such as 
a higher than normal number of trinucleotide repeats in a 
particular gene is associated With prostate cancer. The 
skilled artisan Will recogniZe that an association of an allelic 
variant With a disease or condition can be identi?ed using 
Well knoWn statistical methods for sampling and analysis of 
a population. 

[0078] As used herein, the term “conjugated” refers to a 
stable attachment, Which can be a covalent attachment or a 
noncovalent attachment, provided the noncovalent attach 
ment is stable under the condition to Which the bond is to be 
exposed. In particular, a polypeptide can be conjugated to a 
solid support through a linker, Which can provide a non 
cleavable, cleavable or reversible attachment. 

[0079] As used herein, the term “solid support” means a 
?at surface or a surface With structures, to Which a functional 
group, including a polypeptide containing a reactive group, 
can be conjugated. The term “surface With structures” is 
used herein to mean a support that contains, for example, 
Wells, pins or the like, to Which a functional group, including 
a polypeptide containing a reactive group, can be attached. 
Numerous examples of solid supports are disclosed herein or 
otherWise knoWn in the art. 

[0080] As used herein, the term “starting nucleic acid” 
refers to at least one molecule of a target nucleic acid, Which 
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encodes a target polypeptide. The starting nucleic acid can 
be DNA or RNA, including mRNA, and can be single 
stranded or double stranded, including a DNA-RNA hybrid. 
AmiXture of any of these nucleic acids also can be employed 
as a starting nucleic acid for performing a process as 
disclosed herein, as can the nucleic acids produced folloW 
ing an ampli?cation reaction. 

[0081] It should be understood that the term “primer,” as 
used herein, can refer to more than one primer, particularly 
in the case Where there is some ambiguity in the information 
regarding the terminal sequence of a nucleic acid to be 
ampli?ed. For eXample, Where a nucleic acid sequence is 
inferred from protein sequence information, a collection of 
primers containing sequences representing all possible 
codon variations based on degeneracy of the genetic code is 
used for each strand. One primer from this collection is 
expected to be identical With a region of the sequence to be 
ampli?ed. 
[0082] A process is provided for determining the identity 
of a target polypeptide by using mass spectroscopy to 
determine the molecular mass of the target polypeptide and 
comparing it to the molecular mass of a polypeptide of 
knoWn identity, thereby determining the identity of the target 
polypeptide. The identity of a target polypeptide can be, for 
eXample, the mass or amino acid sequence of at least a 
portion of the target polypeptide or by comparing the mass 
to a knoWn polypeptide, Which is a Wild-type or knoWn 
mutein. 

[0083] A target polypeptide can be obtained from a sub 
ject, particularly from a cell or tissue in the subject or from 
a biological ?uid. A target polypeptide also can be obtained 
by in vitro translation of an RNA molecule encoding the 
target polypeptide; or by in vitro transcription of a nucleic 
acid encoding the target polypeptide, folloWed by transla 
tion, Which can be performed in vitro or in a cell, Where the 
nucleic acid to be transcribed is obtained from a subject. Kits 
for performing the processes are also provided. 

[0084] A process as disclosed herein provides a fast and 
reliable means for indirectly obtaining nucleic acid sequence 
information. Since the mass of a polypeptide is only about 
10% of the mass of the corresponding DNA, the translated 
polypeptide generally is far more amenable to mass spec 
trometric detection than the corresponding nucleic acid. In 
addition, mass spectrometric detection of polypeptides 
yields analytical signals of far higher sensitivity and reso 
lution than signals routinely obtained With DNA, due to the 
inherent instability of DNA to volatiliZation and its af?nity 
for nonvolatile cationic impurities. 

[0085] These processes and kits are particularly useful for 
a number of applications, such as identifying mutations and 
thereby screening for certain genetic disorders. Aprocess as 
disclosed herein also provides an ef?cient means for deter 
mining the presence of a single base in a polynucleotide, for 
eXample, a single base mutation that introduces a STOP 
codon into an open reading frame of a gene, since such a 
mutation results in premature protein truncation; or a single 
base difference that results in a change in the encoded amino 
acid in an allelic variant of a polymorphic gene, since 
different amino acids can be distinguished based on their 
masses. Mutation screening by direct mass analysis of a 
gene such as p53 or BRCAl requires a system that permits 
detection of a single base mutation, Which can be dif?cult 
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When examining a DNA sequence directly. A single base 
mutation resulting, for eXample, in a premature STOP 
codon, can radically change the mass of the encoded protein 
by truncation and, therefore, is readily identi?able using a 
process as disclosed herein. A single base change need not 
result in a STOP codon in order to be detectable, since a 
single base change that results in an amino acid change, for 
eXample, alanine to glycine, also is detectable using a 
process as disclosed herein (see Examples). 

[0086] A process as disclosed herein can be used for 
identifying the presence of nucleotide repeats, particularly 
an abnormal number of nucleotide repeats, by determining 
the identity of a target polypeptide encoded by such repeats. 
As disclosed herein, an abnormal number of nucleotide 
repeats can be identi?ed by using mass spectrometry to 
compare the mass of a target polypeptide With that of a 
corresponding knoWn polypeptide. 

[0087] In a particular application, the disclosed processes, 
and the kits useful for performing such processes, can be 
used, for eXample, in detecting an abnormal number of CAG 
repeats in the SCA-l gene or in detecting the presence of a 
nucleotide substitution from a C to a G in one of the 
trinucleotide repeats in a subject With spino-cerebellar ataXia 
1 (SCA-l). Mass spectrometry is used to determine the 
molecular mass of a target polypeptide encoded by a nucleic 
acid containing the trinucleotide repeats and comparing the 
molecular mass of the target polypeptide With the molecular 
mass of a polypeptide encoded by a nucleic acid having a 
known number of trinucleotide repeats and a known nucle 
otide sequence (see Example 1). The identi?cation of the 
nucleotide sequence of the target nucleic acid by this method 
is made possible, in part, due to the increased mass accuracy 
obtained by using mass spectrometry to detect the transla 
tion product, rather than directly detecting the nucleic acid 
by mass spectrometry. 

[0088] For illustrative purposes, the open reading frame of 
the gene containing the (CAG)X repeat associated With 
SCA-l is shoWn in FIG. 1. The SCA-l sequence contains, 
in addition to a nonvariable stretch of 12 CAG repeats, a 
variable stretch that is shoWn in FIG. 1A as containing 10 
CAG repeats. As shoWn in FIG. 1A, the SCA-l gene 
encodes a 7.5 kiloDalton (kDa) protein containing 10 con 
secutive glutamine (Q) residues (FIG. 1B). Accurate direct 
mass analysis of the 60 kDa 200-mer shoWn in FIG. 1A With 
currently available mass spectrometric instrumentation 
Would be challenging. A recent study of the SCA-l gene 
shoWed that 25 to 36 repeat units generally are present in 
unaffected subjects, While affected subjects have 43 to 81 
repeat units. Assuming a Worst case of 81 repeat units, 213 
bases in addition to the 200-mer shoWn in FIG. 1A Would 
have to be detected With sufficient resolution. A nucleotide 
sequence of greater than about a 400-mer (>120 kDa) has 
not been detected satisfactorily by mass spectrometry. In 
comparison, analysis of the translation product for the 
sequence having 81 repeats requires mass measurement of 
only about 137 amino acid residues (about 15 kDa). A 
typical 0.3% mass accuracy for loW resolution instrumen 
tation results in a maXimum 13 Dalton error, Which is far 
loWer than the mass of a single amino acid residue. Accord 
ingly, far better than single amino acid resolution can be 
obtained With a process for determining the identity of a 
target polypeptide as disclosed herein. 
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OBTAINING A TARGET POLYPEPTIDE 

[0089] Any polypeptide for Which identifying information 
is required is contemplated herein as a target polypeptide. 
The polypeptide may be obtained from any source. A target 
polypeptide, or a target nucleic acid encoding the polypep 
tide, can be obtained from a subject, Which is typically a 
mammal, particularly a human. Generally, the target 
polypeptide is isolated prior to mass spectrometry so as to 
permit the determination of the molecular mass of the 
polypeptide by mass spectrometric analysis. The degree to 
Which a polypeptide must be isolated for mass spectrometry 
is knoWn in the art and varies depending on the type of mass 
spectrometric analysis performed. 
[0090] A target polypeptide can be a portion of a protein, 
and can be obtained using methods knoWn in the art. For 
example, a protein can be isolated from a biological sample 
using an antibody, then can be cleaved using a proteinase 
that cuts selectively at speci?c amino acid sequences, and 
the target polypeptide can be puri?ed by a method such as 
chromatography or electrophoresis. Thus, a process as dis 
closed herein can be performed, for example, by subjecting 
a protein, Which contains a target polypeptide, to limited 
proteolysis; isolating the target polypeptide; and examining 
it by mass spectrometric analysis, thereby providing a means 
for determining the identity of the target polypeptide. 

[0091] An antibody, or antigen binding fragment of an 
antibody, that interacts speci?cally With an epitope present 
on a polypeptide of interest is characteriZed by having 
speci?c binding activity for the epitope of at least about 
1x10 M_1, generally, at least about 1><107 M“1 or greater. 
Accordingly, Fab, F(ab‘)2, Pd and Fv fragments of an 
antibody that retain speci?c binding activity for a particular 
epitope are included Within the meaning of the term anti 
body. 
[0092] An antibody useful for isolating a polypeptide of 
interest, particularly a target polypeptide, can be a naturally 
occurring antibody or a non-naturally occurring antibody, 
including, for example, a single chain antibody, a chimeric 
antibody, a bifunctional antibody or a humaniZed antibody, 
as Well as an antigen-binding fragment of such antibodies. 
Such non-naturally occurring antibodies can be constructed 
using solid phase peptide synthesis, can be produced recom 
binantly or can be obtained, for example, by screening 
combinatorial libraries containing of variable heavy chains 
and variable light chains (see Huse et al, Science 246:1275 
1281 (1989)). These and other methods of making, for 
example, chimeric, humaniZed, CDR-grafted, single chain, 
and bifunctional antibodies are Well knoWn to those skilled 
in the art (Winter and Harris, Immunol. Today 14:243-246 
(1993); Ward et al., Nature 341:544-546 (1989); Hilyard et 
al., Protein Engineering: A practical approach (IRL Press 
1992); Borrabeck, Antibody Engineering, 2d ed. (Oxford 
University Press 1995); HarloW and Lane, “Antibodies: A 
laboratory manual” (Cold Spring Harbor Laboratory Press 
1988)). 
[0093] An antibody useful for isolating a target polypep 
tide can be obtained from a commercial source, or can be 
raised using a protein containing the target polypeptide, or a 
peptide portion thereof, as an immunogen, or using an 
epitope that is fused to the polypeptide, for example, a myc 
epitope. Such an immunogen can be prepared from natural 
sources or produced recombinantly, or can be synthesiZed 
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using routine chemical methods. An otherWise non-immu 
nogenic epitope can be made immunogenic by coupling the 
hapten to a carrier molecule such as bovine serum albumin 
(BSA) or keyhole limpet hemocyanin (KLH), or by express 
ing the epitope as a fusion protein. Various other carrier 
molecules and methods for coupling a hapten to a carrier 
molecule are Well knoWn in the art (see, for example, 
HarloW and Lane, “Antibodies: A laboratory manual” (Cold 
Spring Harbor Laboratory Press 1988)). 

[0094] An antibody that interacts speci?cally With a 
polypeptide of interest, particularly a target polypeptide or 
peptide portion thereof, is useful, for example, for deter 
mining Whether the target polypeptide is present in a bio 
logical sample. The identi?cation of the presence or level of 
the target polypeptide can be made using Well knoWn 
immunoassay and immunohistochemical methods (HarloW 
and Lane, “Antibodies: A laboratory manual” (Cold Spring 
Harbor Laboratory Press 1988)). In particular, an antibody 
that interacts speci?cally With a tag peptide fused to a target 
polypeptide can be used to isolate the target polypeptide 
from a sample, Which can be, for example, a biological 
sample or an in vitro translation reaction. 

[0095] Methods for raising polyclonal antibodies, for 
example, in a rabbit, goat, mouse or other mammal, are Well 
knoWn in the art (HarloW and Lane, “Antibodies: A labora 
tory manual” (Cold Spring Harbor Laboratory Press 1988)). 
In addition, monoclonal antibodies can be obtained using 
methods that are Well knoWn and routine in the art (HarloW 
and Lane, “Antibodies: A laboratory manual” (Cold Spring 
Harbor Laboratory Press 1988)). Essentially, spleen cells 
from a mouse immuniZed With a polypeptide of interest, or 
a peptide portion thereof, can be fused to an appropriate 
myeloma cell line such as SP/02 myeloma cells to produce 
hybridoma cells. Cloned hybridoma cell lines can be 
screened using the immuniZing polypeptide to identify 
clones that secrete appropriately speci?c antibodies. Hybri 
domas expressing antibodies having a desirable speci?city 
and af?nity can be isolated and utiliZed as a continuous 
source of the antibodies, Which are useful, for example, for 
inclusion in a kit as provided herein. Similarly, a recombi 
nant phage that expresses, for example, a single chain 
antibody of interest also provides a monoclonal antibody 
that can be used for preparing standardiZed kits. 

[0096] Isolation and identi?cation of a target polypeptide 
can be facilitated by linking a tag to the polypeptide, for 
example, by fusing the polypeptide to a tag peptide. Such a 
fusion polypeptide can be obtained, for example, by in vitro 
transcription and translation of a nucleotide sequence encod 
ing the target polypeptide linked in frame to a nucleotide 
sequence encoding the tag peptide, then isolating the fusion 
polypeptides from the translation reaction using a reagent 
that interacts speci?cally With the tag peptide. The tag 
peptide can be, for example, a myc epitope or a peptide 
portion of the Haemophilus in?uenza hemagglutinin protein, 
against Which speci?c antibodies can be prepared and also 
are commercially available. A tag peptide also can be a 
polyhistidine sequence, for example, a hexahistidine 
sequence (His-6), Which interacts speci?cally With metal 
ions such as Zinc, nickel, or cobalt ions, or a polylysine or 
polyarginine sequence, comprising at least about four lysine 
or four arginine residues, respectively, Which interact spe 
ci?cally With Zinc, copper or, for example a Zinc ?nger 
protein. 
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[0097] A tag can be added to the polypeptide either by 
chemical modi?cation of the polypeptide during or folloW 
ing its synthesis. For example, a target polypeptide contain 
ing a tag can be obtained by isolation from an in vitro 
translation reaction of a target nucleic acid molecule, Where 
the translation reaction is performed in the presence of a 
modi?ed amino acid and, if appropriate, a mis-aminoacy 
lated tRNA carrying the modi?ed amino acid. The modi? 
cation of the amino acid is selected so that it contains a tag 
that alloWs the isolation of a polypeptide containing the 
modi?ed amino acid. For example, a lysine residue can be 
replaced With a biotinylated lysine analog (or other lysine 
analog containing a tag) in the translation reaction, resulting 
in a translated polypeptide that contains biotinylated lysine 
residues. Such a tagged polypeptide can be isolated by 
af?nity chromatography on a bed of immobiliZed avidin or 
streptavidin, for example. Other modi?ed amino acids are 
disclosed in the US. Pat. No. 5,643,722. 

[0098] A target polypeptide can be isolated by affinity 
puri?cation using, for example, an antibody, avidin or other 
speci?c reagent linked to a solid support. In such a method, 
the translation reaction is poured over the support, Which can 
be present, for example, in a column, and the polypeptide is 
bound due to its speci?cally interacting With the reagent. For 
example, a target polypeptide fused to a polyhistidine tag 
peptide can be isolated on a column or bed of chelated nickel 
ions, Whereas a target polypeptide fused to a polylysine or 
polyarginine tag can be isolated on a column or bed of 
chelated Zinc or copper ions. Beds or columns having such 
divalent metal ions chelated thereto can be obtained from a 
commercial source or prepared using methods knoWn in the 
art. The polypeptide then can be eluted from the column in 
an isolated form and subjected to mass spectrometry. 

ISOLATION OF A NUCLEIC ACID ENCODING 
A TARGET POLYPEPTIDE 

[0099] In other embodiments, the polypeptide may be 
prepared from nucleic acid that encodes it. Thus, the target 
polypeptide can be isolated from a cell or tissue of the 
subject; or can be synthesiZed in vitro from an RNA mol 
ecule, for example, by in vitro translation, or from a DNA 
molecule by in vitro transcription and translation; or can be 
synthesiZed in a eukaryotic or prokaryotic host cell that is 
transformed With a target nucleic acid, Which encodes the 
target polypeptide. 

[0100] In preferred embodiments herein, a target polypep 
tide is isolated from a cell, a tissue or an in vitro translation 
system, for example, a reticulocyte lysate system. In vitro 
translation or in vitro transcription folloWed by translation 
are among the preferred methods of preparation of the 
polypeptides. The polypeptides can be puri?ed after trans 
lation using any method knoWn to those of skill in the art for 
puri?cation. For example, the polypeptide can be isolated 
using a reagent that interacts speci?cally With the target 
polypeptide or With a protein containing the target polypep 
tide. Such a reagent can be an antibody that interacts 
speci?cally With an epitope of the target polypeptide, for 
example, an antibody to an epitope encoded by a trinucle 
otide repeat sequence. If the target polypeptide contains an 
amino acid that can be any of several amino acids, for 
example, Where the target polypeptide is from a mutated 
protein, the antibody preferably interacts With an epitope 
that does not include an epitope containing the mutated 
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amino acid(s). Antibodies that interact speci?cally With a 
protein containing a target polypeptide, or With the target 
polypeptide, can be prepared using methods Well knoWn in 
the art (HarloW and Lane, “Antibodies: A laboratory 
manual” (Cold Spring Harbor Laboratory Press 1988)). 

[0101] Atarget polypeptide can be obtained from an RNA 
molecule, for example, by in vitro translation of the RNA 
molecule. The target polypeptide also can be obtained from 
a DNA molecule, Where in vitro transcription of at least a 
portion of the DNA molecule is performed prior to transla 
tion. In particular, at least a portion of the DNA molecule 
containing the nucleotide sequence encoding the target 
polypeptide can be ampli?ed, for example, by PCR prior to 
performing in vitro transcription or translation. Accordingly, 
a process for determining the identity of a target polypep 
tide, as disclosed herein, can include a step of isolating a 
target nucleic acid molecule, Which can be DNA or RNA and 
from Which the target polypeptide is obtained. 

[0102] A nucleic acid sample, in an isolated or unisolated 
form, can be utiliZed as a starting nucleic acid in a method 
as disclosed herein, provided the sample is suspected of 
containing the target nucleic acid. The target nucleic acid 
can be a portion of a larger molecule or can be present 
initially as a discrete molecule such that the speci?c 
sequence constitutes the entire nucleic acid. 

[0103] It is not necessary that a starting nucleic acid 
contain only the target nucleic acid in an isolated form. 
Provided that the starting nucleic acid is in an isolated form, 
the target nucleic acid can be a minor fraction of a complex 
mixture, for example, a portion of the [3-globin gene con 
tained in Whole human DNA, or a portion of nucleic acid 
sequence of a particular microorganism that constitutes only 
a minor fraction of a particular biological sample. A starting 
nucleic acid also can contain more than one population of 
target nucleic acids. 

[0104] The starting nucleic acid can be obtained from any 
source, including a natural source such as bacteria, yeast, 
viruses, protists, and higher organisms, including plants or 
animals, particularly from tissues, cells or organelles of such 
sources, or can be obtained from a plasmid such as pBR322, 
in Which the nucleic acid previously Was cloned. The 
starting nucleic acid can represent a sample of DNA, for 
example, isolated from an animal, particularly a mammal 
such as a human subject, and can be obtained from any cell 
source or body ?uid. Examples of cell sources available in 
clinical practice include, but are not limited to, blood cells, 
buccal cells, cervico-vaginal cells, epithelial cells from 
urine, or cells present in a tissue obtained, for example, by 
biopsy. Body ?uids include blood, urine and cerebrospinal 
?uid, as Well as tissue exudates from a site of infection or 
in?ammation. 

[0105] A nucleic acid molecule can be extracted from a 
cell source or body ?uid using any of numerous methods 
Well knoWn and routine in the art, and the particular method 
used to extract the nucleic acid Will be selected as appro 
priate for the particular biological sample, including Whether 
the nucleic acid to be isolated is DNA or RNA (see, for 
example, Sambrook et al., Molecular Cloning‘A laboratory 
manual (Cold Spring Harbor Laboratory Press 1989). For 
example, freeZe-thaW and alkaline lysis procedures can be 
useful for obtaining nucleic acid molecules from solid 
materials such as cell or tissue samples; heat and alkaline 
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lysis procedures can be useful for obtaining nucleic acid 
molecules from urine; and proteinase K extraction or phenol 
extraction can be useful to obtain nucleic acid from cells or 
tissues such as a blood sample (Rolff et al., “PCR: Clinical 
diagnostics and research” (Springer Verlag Publ. 1994)). 
[0106] For utiliZation of a target nucleic acid from cells, 
the cells can be suspended in a hypotonic buffer and heated 
to about 90° C. to 100° C. for about 1 to 15 minutes, until 
cell lysis and dispersion of intracellular components occur. 
After the heating step, ampli?cation reagents, if desired, can 
be added directly to the lysate. Such a direct ampli?cation 
method can be used, for example, on peripheral blood 
lymphocytes or amniocytes. The amount of DNA extracted 
for analysis of human genomic DNA generally is at least 
about 5 pg, Which corresponds to about 1 cell equivalent of 
a genome siZe of 4><109 base pairs. 

[0107] In some applications, for example, detection of 
sequence alterations in the genome of a microorganism, 
variable amounts of DNA can be extracted. 

[0108] In general, the nucleotides forming a polynucle 
otide are naturally occurring deoxyribonucleotides, such as 
adenine, cytosine, guanine or thymine linked to 2‘-deoxyri 
bose, or ribonucleotides such as adenine, cytosine, guanine 
or uracil linked to ribose. A polynucleotide also includes 
nucleotide analogs, including non-naturally occurring syn 
thetic nucleotides or modi?ed naturally occurring nucle 
otides. Such nucleotide analogs are Well knoWn in the art 
and are commercially available, as are polynucleotides con 
taining such nucleotide analogs (Lin et al., Nucl. Acids Res. 
22:5220-5234 (1994); Jellinek et al., Biochemistry 
34:11363-11372 (1995); Pagratis et al., Nature Biotechnol. 
15:68-73 (1997)). The covalent bond linking the nucleotides 
of a polynucleotide generally is a phosphodiester bond. The 
covalent bond also can be any of numerous other bonds, 
including a thiodiester bond, a phosphorothioate bond, a 
peptide-like bond or any other bond knoWn to those in the 
art as useful for linking nucleotides to produce synthetic 
polynucleotides (see, for example, Tam et al., Nucl. Acids 
Res. 22:977-986 (1994); Ecker and Crooke, BioTechnology 
131351360 (1995)). 
[0109] Where it is desired to synthesiZe a polynucleotide 
for use in a process as disclosed herein or for inclusion in a 
kit, the artisan Will knoW that the selection of particular 
nucleotides or nucleotide analogs and the covalent bond 
used to link the nucleotides Will depend, in part, on the 
purpose for Which the polynucleotide is prepared. For 
example, Where a polynucleotide Will be exposed to an 
environment containing substantial nuclease activity, the 
artisan Will select nucleotide analogs or covalent bonds that 
are relatively resistant to the nucleases. A polynucleotide 
containing naturally occurring nucleotides and phosphodi 
ester bonds can be chemically synthesiZed or can be pro 
duced using recombinant DNA methods, using an appropri 
ate polynucleotide as a template. In comparison, a 
polynucleotide containing nucleotide analogs or covalent 
bonds other than phosphodiester bonds generally Will be 
chemically synthesiZed, although an enZyme such as T7 
polymerase can incorporate certain types of nucleotide ana 
logs and, therefore, can be used to produce such a poly 
nucleotide recombinantly from an appropriate template 
(Jellinek et al., Biochemistry 34:11363-11372 (1995)). 
[0110] Apolynucleotide, for example, an oligonucleotide, 
that speci?cally hybridiZes to a nucleic acid, particularly to 
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a target nucleic acid or to sequences ?anking a target nucleic 
acid is particularly useful. Such a hybridiZing polynucle 
otide is characteriZed, in part, in that it is at least nine 
nucleotides in length, such sequences being particularly 
useful as primers for the polymerase chain reaction (PCR), 
and can be at least fourteen nucleotides in length or, if 
desired, at least seventeen nucleotides in length, such nucle 
otide sequences being particularly useful as hybridiZation 
probes, as Well as for PCR. It should be recogniZed that the 
conditions required for speci?c hybridiZation of a ?rst 
polynucleotide, for example, a PCR primer, With a second 
polynucleotide, for example, a target nucleic acid, depends, 
in part, on the degree of complementarity shared betWeen 
the sequences, the GC content of the hybridiZing molecules, 
and the length of the antisense nucleic acid sequence, and 
that conditions suitable for obtaining speci?c hybridiZation 
can be calculated based on readily available formulas or can 
be determined empirically (Sambrook et al., Molecular 
Cloning: A laboratory manual (Cold Spring Harbor Labo 
ratory Press 1989; Ausubel et al., Current Protocols in 
Molecular Biology (Green Publ., NY 1989)). 

TRANSCRIPTION AND TRANSLATION OF A 
TARGET NUCLEIC ACID 

[0111] A target polypeptide can be obtained by translating 
an RNA molecule encoding the target polypeptide in vitro. 
If desired, the RNA molecule can be obtained by in vitro 
transcription of a nucleic acid, generally DNA, encoding the 
target polypeptide. Translation of a target polypeptide can be 
effected by directly introducing an RNA molecule encoding 
the polypeptide into an in vitro translation reaction or by 
introducing a DNA molecule encoding the polypeptide into 
an in vitro transcription/translation reaction or into an in 
vitro transcription reaction, then transferring the RNA to an 
in vitro translation reaction. 

[0112] For in vitro transcription, the target DNA is oper 
ably linked to a promoter, from Which transcription is 
initiated in the presence of an RNA polymerase capable of 
interacting With the promoter, ribonucleotides, and other 
reagents necessary for in vitro transcription. In vitro tran 
scription can be performed as a separate step from an in vitro 
translation reaction or can be carried out in a single reaction, 
using Well knoWn methods (see, for example, Sambrook et 
al., Molecular Cloning: A laboratory manual (Cold Spring 
Harbor Laboratory Press 1989; see, also, US. Pat. No. 
4,766,072, Which describes vectors useful for in vitro tran 
scription). In vitro transcription kits are Well knoWn and are 
commercially available (Promega Corp.; Madison Wis.). 

[0113] An in vitro transcription reaction is carried out by 
incubating a template DNA, Which generally includes the 
target nucleic acid, for about 1 hour at 37° C. or 40° C., 
depending on the polymerase, in the presence of ribonucle 
otides, a cap analog such as GpppG or a methylated deriva 
tive thereof, an RNAase inhibitor, an RNA polymerase that 
recogniZes the promoter operably linked upstream of the 
DNA to be transcribed, and an appropriate buffer containing 
Tris-HCl, MgCl2, spermidine and NaCl. FolloWing the tran 
scription reaction, RNAase-free DNAse can be added to 
remove the DNA template and the RNA puri?ed, for 
example, by phenol-chloroform extraction (see, Sambrook 
et al., Molecular Cloning: A laboratory manual (Cold 
Spring Harbor Laboratory Press 1989). Usually about 5 to 
10 ug of RNA is obtained per microgram of template DNA. 
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[0114] Where RNA is produced in a prokaryotic in vitro 
transcription system, the RNA can be produced in an 
uncapped form, such as by in vitro transcription in the 
absence of a cap analog, since translation of RNA in a 
prokaryotic system does not require the presence of a cap 
such as N7-methyl-G covalently linked to the 5‘ end of the 
mRNA. Capped RNA is translated much more ef?ciently 
than uncapped RNA in eukaryotic systems and, therefore, it 
can be desirable to cap the RNA during transcription or 
during translation When using a eukaryotic translation sys 
tem. The in vitro transcribed RNA can be isolated, for 
example, by ethanol precipitation, then used for in vitro 
translation. 

[0115] Translation systems can be cellular or cell-free and 
can be prokaryotic or eukaryotic. Cellular translation sys 
tems generally utiliZe intact cells, for example, oocytes, or 
utiliZe permeabiliZed cells, Whereas cell-free (in vitro) trans 
lation systems utiliZe cell or tissue lysates or extracts, 
puri?ed or partially puri?ed components, or combinations 
thereof. 

[0116] In vitro translation systems are Well knoWn and are 
commercially available and many different types and sys 
tems are Well knoWn and routinely used. Examples of in 
vitro translation systems include eukaryotic cell lysates such 
as rabbit reticulocyte lysates, rabbit oocyte lysates, human 
cell lysates, insect cell lysates and Wheat germ extracts. Such 
lysates and extracts can be prepared or are commercially 
available (Promega Corp.; Stratagene, La Jolla Calif.; Amer 
sham, Arlington Heights 111.; and GIBCO/BRL, Grand 
Island In vitro translation systems generally contain 
macromolecules such as enZymes; translation, initiation and 
elongation factors; chemical reagents; and ribosomes. Mix 
tures of puri?ed translation factors, as Well as combinations 
of lysates or lysates supplemented With puri?ed translation 
factors such as initiation factor-1 (IF-1), IF-2, IF-3 (alpha or 
beta), elongation factor T (EF-Tu) or termination factors, 
also can be used for mRNA translation in vitro. 

[0117] Incubation times for in vitro translation range from 
about 5 minutes to many hours, but generally are about thirty 
minutes to ?ve hours, usually about one to three hours. 
Incubation can be performed in a continuous manner, 
Whereby reagents are ?oWed into the system and nascent 
polypeptides removed or left to accumulate, using a con 
tinuous ?oW system as described by Spirin et al. (Science 
242:1162-64 (1988)). Such a process can be desirable for 
large scale production of nascent polypepotides. Incubation 
times vary signi?cantly With the volume of the translation 
mix and the temperature of the incubation. Incubation tem 
peratures can be betWeen about 4° C. to 60° C., generally 
about 15° C. to 50° C., and usually about 25° C. to 45° C., 
particularly about 25° C. or about 37° C. 

[0118] Translation reactions generally contain a buffer 
such as Tris-HCl, HEPES, or other suitable buffering agent 
to maintain the solution at about pH 6 to pH 8, generally 
about pH 7. Other components of a translation system can 
include dithiothreitol (DTT) or 2-mercaptoethanol as reduc 
ing agents, RNasin to inhibit RNA breakdown, and nucleo 
side triphosphates or creatine phosphate and creatine kinase 
to provide chemical energy for the translation process. 

[0119] An in vitro translation system can be a reticulocyte 
lysate, Which is available commercially or can be prepared 
according to methods disclosed herein or otherWise knoWn 
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in the art. Commercially available reticulocyte lysates are 
available, for example, from NeW England Nuclear and 
Promega Corp. (Cat. #L4960, L4970, and L4980). An in, 
vitro translation system also can be a Wheat germ translation 
system, Which is available commercially or can be prepared 
according to Well knoWn methods. Commercially available 
Wheat germ extracts can be obtained, for example, from 
Promega Corp. (for example, Cat # L4370). An in vitro 
translation system also can be a mixture of a reticulocyte 
lysate and a Wheat germ extract, as can be obtained com 
mercially (for example, Promega Corp., catalog # L4340). 
Other useful in vitro translation systems include E. coli 
extracts, insect cell extracts and frog oocyte extracts. 

[0120] A rabbit reticulocyte lysate can be prepared as 
folloWs. Rabbits are rendered anemic by inoculation With 
acetylphenylhydraZine. About 7 days later, the rabbits are 
bled and the blood ifs collected and mixed With an ice cold 
salt solution containing NaCl, magnesium acetate (MgAc), 
KCl, and heparin. The blood mixture is ?ltered through a 
cheesecloth, centrifuged, and the buffy coat of White cells is 
removed. The pellet, Which contains erythrocytes and reticu 
locytes, is Washed With the salt solution, then lysed by the 
addition of an equal volume of cold Water. Endogenous RNA 
is degraded by treating the lysate With micrococcal nuclease 
and calcium ions, Which are necessary for nuclease activity, 
and the reaction is stopped by the addition of EGTA, Which 
chelates the calcium ions and inactivates the nuclease. 
Hemin (about 20 to 80 uM), Which is a poWerful suppressor 
of an inhibitor of the initiation factor eIF-2, also can be 
added to the lysate. Translation activity of the lysates can be 
optimiZed by the addition of an energy generating system, 
for example, phosphocreatine kinase and phosphocreatine. 
The lysates then can be aliquoted and stored at —70° C. or 
in liquid nitrogen. Further details regarding such a protocol 
are knoWn (see, eq., Sambrook et al., Molecular Cloning: A 
laboratory manual (Cold Spring Harbor Laboratory Press 
1989). 
[0121] An in vitro translation reaction using a reticulocyte 
lysate can be carried out as folloWs. Ten ul of a reticulocyte 
lysate, Which can be prepared as disclosed above or can be 
obtained commercially, is mixed With spermidine, creatine 
phosphate, amino acids, HEPES buffer (pH 7.4), KCl, MgAc 
and the RNA to be translated, and incubated for an appro 
priate time, generally about one hour at 30° C. The optimum 
amount of MgAc for obtaining ef?cient translation varies 
from one reticulocyte lysate preparation to another and can 
be determined using a standard preparation of RNA and a 
concentration of MgAc varying from 0 to 1 mM. The 
optimal concentration of KCl also can vary depending on the 
speci?c reaction. For example, 70 mM KCl generally is 
optimal for translation of capped RNA, Whereas 40 mM 
generally is optimal for translation of uncapped RNA. 
Optionally, the translation process is monitored by a method 
such as mass spectrometric analysis. Monitoring also can be 
performed, for example, by adding one or more radioactive 
amino acids such as 35S-methionine and measuring incor 
poration of the radiolabel into the translation products by 
precipitating the proteins in the lysaite such as With TCA and 
counting the amount of radioactivity present in the precipi 
tate at various times during incubation. The translation 
products also can be analyZed by immunoprecipitation or by 
SDS-poly,acrylamide gel electrophoresis (see, for example, 
Sambrook et al. Molecular Cloning: A laboratory manual 
(Cold Spring Harbor Laboratory Press 1989; HarloW and 
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Lane, “Antibodies: A laboratory manual” (Cold Spring 
Harbor Laboratory Press 1988)). 

[0122] AWheat germ extract can be prepared as described 
by Roberts and Paterson (Proc. Natl. Acad. Sci, USA 
70:2330-2334 (1973)) and can be modi?ed as described by 
Anderson (Meth. Enzymol. 101:635 (1983)), if desired. 

[0123] The protocol also can be modi?ed according to 
manufacturing protocol L418 (Promega Corp.). Generally, 
Wheat germ extract is prepared by grinding Wheat germ in an 
extraction buffer, folloWed by centrifugation to remove cell 
debris. The supernatant is separated by chromatography 
from endogenous amino acids and from plant pigments that 
are inhibitory to translation. The extract also is treated With 
micrococcal nuclease to destroy endogenous mRNA, 
thereby reducing background translation to a minimum. The 
Wheat germ extract contains the cellular components nec 
essary for protein synthesis, including tRNA, rRNA and 
initiation, elongation and termination factors. The extract 
can be optimiZed further by the adding an energy generating 
system such as phosphocreatine kinase and phosphocreat 
ine; MgAc is added at a level recommended for the trans 
lation of most mRNA species, generally about 6.0 to 7.5 mM 
magnesium. 
[0124] In vitro translation in Wheat germ extracts can be 
performed as described, for example, Erickson and Blobel 
(Meth. Enzymol. 96:38 (1982)), and can be modi?ed, for 
example, by adjusting the ?nal ion concentrations to 2.6 mM 
magnesium and 140 mM potassium, and the pH to 7.5 (US. 
Pat. No. 4,983,521). Reaction mixtures can be incubated at 
24° C. for 60 minutes. Translations in Wheat germ extracts 
can also be performed as described in US. Pat. No. 5,492, 
817. 

[0125] In vitro translation reactions can be optimiZed by 
the addition of ions or other reagents. For example, mag 
nesium is important for optimal translation, as it enhances 
the stability of assembled ribosomes and functions in their 
binding together during translation. Magnesium also appears 
to facilitate polymerase binding. Potassium also is important 
for optimiZing translation but, unlike magnesium, for 
coupled transcription and translation reactions, the potas 
sium ion concentration need not be altered beyond standard 
translation preparation levels. 

[0126] Potassium and magnesium are in the standard 
rabbit reticulocyte lysate and their levels are partially from 
the endogenous lysate level and partially from the additions 
made in the preparation of the lysate, as are done for 
translation lysates. Since the magnesium concentration 
should be adjusted Within a rather narroW range for optimal 
translation, the lysate magnesium levels should be measured 
directly through the use of a magnesium assay, prior to the 
addition of extra magnesium, so that the amount of magne 
sium in a reaction can be standardiZed from one batch of 
lysate to the next. The Lancer “Magnesium Rapid Stat 
Diagnostic Kit” (Oxford Lab Ware Division, SherWood 
Medical Co.; St. Louis M0.) is a useful assay for accurately 
measuring the magnesium level in a biological ?uid. Once 
the magnesium ion concentration for a given batch of lysate 
is determined, additional magnesium, for example, in the 
form of a concentrated magnesium salt solution, can be 
added in a knoWn manner to bring the magnesium concen 
tration of the lysate to Within the optimal range or, in the case 
of a modi?ed lysate preparation to be used as one-half of a 
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reaction mixture, to Within tWice the optimal range. The ?nal 
magnesium concentration of rabbit reticulocyte lysate is 
adjusted, for example, by adding a concentrated solution of 
MgCl2 or MgAc to a concentration greater than 2.5 mM, but 
less than 3.5 mM, generally betWeen 2.6 mM and 3.0 mM. 

[0127] A common addition to an in vitro translation reac 
tion is an amount of a polyamine suf?cient to stimulate 
ef?cient chain elongation. Accordingly, spermidine can be 
added to a reticulocyte lysate translation reaction to a ?nal 
concentration of about 0.2 mM. Spermidine also can be 
added to Wheat germ extracts, generally at a concentration of 
about 0.9 mM. Since the presence of polyamines loWers the 
effective magnesium concentration in a reaction, the pres 
ence of spermidine in a translation reaction should be 
considered When determining the appropriate concentration 
of magnesium to use. DTT also is added to the translation 
mixture, generally at a ?nal concentration of about 1.45 mM 
in reticulocyte lysates and about 5.1 mM in Wheat germ 
extracts. 

[0128] Translation systems can be supplemented With 
additional factors such as tRNA molecules, Which are com 
mercially available (Sigma Chemical, St. Louis Mo.; 
Promega Corp., Madison Wis.; Boehringer Mannheim Bio 
chemicals, Indianapolis IN) or can be prepared from E. coli, 
yeast, calf liver or Wheat germ using Well knoWn methods. 
Isolation and puri?cation of tRNA molecules involve cell 
lysis and phenol extraction, folloWed by chromatography on 
DEAE-cellulose. Amino acid-speci?c tRNA, for example, 
tRNA<fMet>, can be isolated by expression from cloned 
genes and overexpressed in host cells and separated from 
total tRNA in high yield and purity using, for example, 
preparative polyacrylamide gel electrophoresis, folloWed by 
band excision and elution (Seong and RajBhandary, Proc. 
Natl. Acad. Sci, USA 84:334-338, 1987)). 

[0129] Translation ef?ciency can be improved by adding 
RNAase inhibitors such as RNASIN or heparin to the 
translation reaction. RNASIN can be obtained, for example, 
from Promega Corp. (Cat # N2514). About 40 units of 
RNASIN are added to a 50 pl reaction. Although the 
addition of an RNAase inhibitor to reticulocyte lysates is not 
crucial, only limited translation occurs if an RNAase inhibi 
tor is not added to a Wheat germ extract translation reaction. 

[0130] The translation process, including the movement of 
the ribosomes on the RNA molecules, is inhibited at an 
appropriate time by the addition of an inhibitor of transla 
tion, for example, cycloheximide at a ?nal concentration of 
1 pig/ml. Magnesium ion, for example, MgCl2, at a concen 
tration of about 5 mM also can be added to maintain the 
mRNA-80S ribosome-nascent polypeptide complexes 
(polysomes). 
[0131] For determining the optimal in vitro translation 
conditions, translation of mRNA in an in vitro system can be 
monitored, for example, by mass spectrometric analysis. 
Alternatively, a labeled amino acid such as 35S-methionine 
can be included in the translation reaction together With an 
amino acid mixture lacking this speci?c amino acid (e.g., 
methionine). Alabeled non-radioactive amino acid also can 
be incorporated into a nascent polypeptide. For example, the 
translation reaction can contain a mis-aminoacylated tRNA 
(US. Pat. No. 5,643,722). For example, a non-radioactive 
marker can be mis-aminoacylated to a tRNA molecule and 
the tRNA amino acid complex is added to the translation 
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system. The system is incubated to incorporate the non 
radioactive marker into the nascent polypeptide and 
polypeptides containing the marker can be detected using a 
detection method appropriate for the marker. Mis-aminoa 
cylation of a tRNA molecule also can be used to add a 
marker to the polypeptide in order to facilitate isolation of 
the polypeptide. Such markers include, for example, biotin, 
streptavidin and derivatives thereof (see US. Pat. No. 5,643, 
722). The translation process can also be folloWed by mass 
spectrometric analysis, Which does not require the use of 
radioactivity or other label. 

[0132] In vitro transcription and translation reactions can 
be performed simultaneously using, for example, a commer 
cially available system such as the Coupled Transcription/ 
Translation System (Promega Corp, catalog # L4606, #4610 
or # 4950). Coupled transcription and translation systems 
using RNA polymerases and eukaryotic lysates are 
described in US. Pat. No. 5,324,637. Coupled in vitro 
transcription and translation also can be carried out using a 
prokaryotic system such as a bacterial system, for example, 
E. coli S30 cell-free extracts (Zubay, Ann. Rev. Genet. 7:267 
(1973)). Although such prokaryotic systems alloW coupled 
in vitro transcription and translation, they also can be used 
for in vitro translation only. When using a prokaryotic 
translation system, the RNA should contain sequence ele 
ments necessary for translation of an RNA in a prokaryotic 
system. For example, the RNA should contain prokaryotic 
ribosome binding sites, Which can be incorporated into a 
target nucleic acid sequence during ampli?cation using a 
primer containing the prokaryotic ribosome binding 
sequence. The ribosome binding sequence is positioned 
doWnstream of a promoter for use in in vitro transcription. 

[0133] Cellular translation systems can be prepared as 
folloWs. Cells are permeabiliZed by incubation for a short 
period of time in a solution containing loW concentrations of 
detergents in a hypotonic media. Useful detergents include 
Nonidet-P 40 (NP40), Triton X-100 (TX-100) or deoxycho 
late at concentrations of about 0.01 nM to 1.0 mM, generally 
betWeen about 0.1 pM to about 0.01 mM, particularly about 
1 pM. Such systems can be formed from intact cells in 
culture, including bacterial cells, primary cells, immortal 
iZed cell lines, human cells or mixed cell populations. 

[0134] A target polypeptide can be obtained from a host 
cell transformed With and expressing a nucleic acid encod 
ing the target polypeptide. The target nucleic acid can be 
ampli?ed, for example, by PCR, inserted into an expression 
vector, and the expression vector introduced into a host cell 
suitable for expressing the polypeptide encoded by the target 
nucleic acid. Host cells can be eukaryotic cells, particularly 
mammalian cells such as human cells, or prokaryotic cells, 
including, for example, E. coli. Eukaryotic and prokaryotic 
expression vectors are Well knoWn in the art and can be 
obtained from commercial sources. FolloWing expression in 
the host cell, the target polypeptide can be isolated using 
methods as disclosed herein. For example, if the target 
polypeptide is fused to a His-6 peptide, the target polypep 
tide can be puri?ed by af?nity chromatography on a chelated 
nickel ion column. 

AMPLIFICATION OF THE TARGET NUCLEIC 
ACID SEQUENCE 

[0135] At least a portion of a target nucleic acid can be 
ampli?ed prior to obtaining the target polypeptide encoded 
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by the nucleic acid. PCR, for example, can be performed 
prior to in vitro transcription and translation of a target 
nucleic acid. Ampli?cation processes include the poly 
merase chain reaction (NeWton and Graham, “PCR” (BIOS 
Publ. 1994)); nucleic acid sequence based ampli?cation; 
transcription-based ampli?cation system, self-sustained 
sequence replication; Q-beta replicase based ampli?cation; 
ligation ampli?cation reaction; ligase chain reaction (Wied 
mann et al., PCR Meth. Appl. 3:57-64 (1994); Barany, Proc. 
Natl. Acad. Sci, USA. 88, 189-93 (1991)); strand displace 
ment ampli?cation (Walker et al., Nucl. Acids Res. 2212670 
77 (1994)); and variations of these methods, including, for 
example, reverse transcription PCR (RT-PCR; Higuchi et al., 
Bio/Technology 11:1026-1030 (1993)), and allele-speci?c 
ampli?cation. 

[0136] Where a nucleotide sequence of the target nucleic 
acid is ampli?ed by PCR, Well knoWn reaction conditions 
are used. The minimal components of an ampli?cation 
reaction include a template DNA molecule; a forWard primer 
and a reverse primer, each of Which is capable of hybridiZing 
to the template DNA molecule or a nucleotide sequence 
linked thereto; each of the four different nucleoside triph 
osphates or appropriate analogs thereof; an agent for poly 
meriZation such as DNA polymerase; and a buffer having the 
appropriate pH, ionic strength, cofactors, and the like. 
Generally, about 25 to 30 ampli?cation cycles, each includ 
ing a denaturation step, an annealing step and an extension 
step, are performed, but feWer cycles can be suf?cient or 
more cycles can be required depending, for example, on the 
amount of the template DNA molecules present in the 
reaction. Examples of PCR reaction conditions are described 
in US. Pat. No. 5,604,099. 

[0137] A nucleic acid sequence can be ampli?ed using 
PCR as described in US. Pat. No. 5,545,539, Which pro 
vides an improvement of the basic procedure for amplifying 
a target nucleotide sequence by including an effective 
amount of a glycine-based osmolyte in the ampli?cation 
reaction mixture. The use of a glycine-based osmolyte 
improves ampli?cation of sequences rich in G and C resi 
dues and, therefore, can be useful, for example, to amplify 
trinucleotide repeat sequences such as those associated With 
Fragile X syndrome (CGG repeats) and myotonic dystrophy 
(CTG repeats). 
[0138] A primer can be prepared from a naturally occur 
ring nucleic acid, for example, by puri?cation from a 
restriction digest of the nucleic acid, or can be produced 
synthetically. A primer is capable of acting as a point of 
initiation of nucleic acid synthesis When placed under con 
ditions suf?cient for synthesis of a primer extension product. 
Particularly useful primers can hybridiZe speci?cally to the 
target sequence or to sequences adjacent to the target 
sequence. 

[0139] Any speci?c nucleic acid sequence can be ampli 
?ed by PCR. It is only necessary that a sufficient number of 
bases at the ends of the target sequence or in the target 
sequence be knoWn so as to alloW preparation of tWo 
oligonucleotide primers that can hybridiZe to the termini of 
the sequence to be ampli?ed and its complement, at relative 
positions along each sequence such that an extension prod 
uct synthesiZed from one primer, When it is separated from 
its template (complement), can serve as a template for 
extension from the other primer into a nucleic acid of 






















































