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The present application claims benefit of and priority to USSN
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20 FIELD OF THE INVENTION
This invention relates to high throughput methods for mass spectrometry,

for example, to monitor a plurality of samples, ¢.g., enzyme products generated from a

library, e.g., of gene sequences.

25 BACKGROUND OF THE INVENTION
High throughput chemical screening, of enzyme activity for example,

typically involves quantitative detection of one or more substrate and/or product. The
most universal detection method to date is mass spectrometry (MS), which allows
identification of a particular organic molecule based on mass to charge ratio.

30 Traditionally, mass spectrometry is performed in tandem with liquid
chromatography to purify and separate the components of interest. This purification can
be considered to be on-line sequential purification. The sequential nature of the

purification limits the ability of mass spectrometry to screen a large number of reaction
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Electrospray ionization is a mild method of transferring charged poiar organic motecules
into the gas phase for mass spectrometry analysis and is applicable for most biologically
relevant organic molecules. The electrospray method eliminates the need for pror
derivatization of samples before injection into a mass-spectrometer as in GC/MS and thus
shortens the analysis time for mass spectrometry. However, column separation is still
30 utilized in this technique, limiting throughput as noted above.

Another recent development is described in “‘Fast Screening for Drugs of
Abuse by Solid-Phase Extraction Combined with Flow-Injection Ionspray-Tandem Mass

Spectrometry,” by Weinman and Svobodain, Journal of Analytical Toxicology. Vol. 22,

[
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be screened in a week or less. This provides a faster method of mass spectrometry
screening than has previously existed. The increase in throughput is due to a novel off-
line parallel purification system. The off-line parallel purification eliminates the need for
20  liquid chromatography or a separate purification step before injection of the sample into a
mass spectrometer.
In one embodiment, a method of performing high throughput mass
spectrometry screening is provided. In the method. one or more cells are grown. Non-
column-separated components of interest are purified from the cell colony or culture. In
25 one aspect. the purification includes an off-line parallel adjustment of cell growing
conditions or attachment of the non-column-separated componehts to a solid support. In
the method, flow-injection analysis is performed using, e.g., electrospray tandem mass
spectrometry, thereby obtaining mass-to-charge ratio data and providing high throughput
mass spectrometry screening of the non-column-separated components of interest.
30 The growing and purifying steps are achieved essentially simultaneously
by adjusting growing conditions or the conditions used to produce the reactants or
products of interest. For example, the components of interest can be produced from

whole cells. from cell supernatant, from cell lysate or from purified enzymes with added
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inorganic ion, an oligosaccharide, a hydrophobic molecule, a briatine derivative, atrazine,
a polyketide, or other molecule of interest.

20 In another embodiment, the present invention provides a method for
monitoring products or reactants, such as in enzyme reactions, by high throughput mass
spectrometry by providing a cell or bacteria that has been transformed with a plasmid
containing one or more member of a library, e.g., of related gene sequences, such as
related enzyme gene sequences. One or more cells or a cell colony or culture is grown

25  from the ceil; producing one or more product or reactant from the cell colony or culture in
a biological matrix, thereby producing a non-column-separated sample; purifying the
non-column separated sample from the biological matrix using an off-line parallel
adjustment of the biological matrix, and monitoring the non-column separated sample by
flow-injection analysis using electrospray tandem mass spectrometry, thereby monitoring

30 the one or more product or reactant. In this way, enzyme reactions and their products can
be studied at high throughput levels. Altemative libranes are also

The products and/or reactants can be purified simultaneous to production,

thus providing an off-line parallel purification system. The products and/or reactants are
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system comprises binding an enzyme or other component, e.g., a nucleic acid, protein,
20  peptide, carbohydrate, or the like, to a solid support, e.g., through a specific tag moiety.
Reactions are then performed on the solid support, which is optionally washed to remove
impurities or unbound components, thereby producing samples that are sufficiently
purified for injection into a mass spectrometer. Using one of these purification
techniques, at least about 100 library members or more are screened for presence or
25  absence of products or reactants in less than an hour. Typically, at least about 200 or
more library members are screened in about an hour. Preferably, at least about 500 or
more samples are screened in about an hour.
In other embodiments, throughput is optionally increased, €.g., by pooling
samples or components and injecting the pooled samples into the mass spectrometer for
30  simultaneous analysis. The resulting data is typically deconvoluted, e.g., using
fragmentation patterns or spectra, to identify the different samples.
In another embodiment, this invention provides an apparatus for high

throughput mass spectrometry screening. The apparatus comprises a cell growth plate for

h
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In another aspect, the apparatus of the invention comprnises a computer and
software operably coupled to the apparatus for recording and analyzing mass

spectrometer data and for controlling the automatic sampler.

20 BRIEF DESCRIPTION OF THE FIGURES
Figure | shows the enzymatic conversion of atrazine to hydroxyatrazine by
atzA.
Figure 2, panels A and B show MS/MS plots of Atrazinc.
Figure 3 is a graph showing relative abundance versus time.
23 Figure 4 is a schematic overview of an exemplar high throughput method

of the invention.

Definitions
The term “non-column-separated component” refers to components or

30  materials of interest, e.g., that are injected into a mass spectrometer, without prior in-line
sequential separation, e.g., on a chromatography column. Without a sequential in-line

separation, the components are optionally analyzed in a high throughput system. Parallel
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| i brary of conponents, e.g., tagged enzy are optionally bound to a -
sol i d suppei-tolwamuepairg coagpobimdingurbtdwihes scpontiex anidreativedy, e t hat
have been tr_ansfoqr_ med W th genes encodigrg enzyne_sequences with %pecific
t ags, 17 e. §itling ppiigRuon SYstem GORRTIFSs 4 (g "é‘lgt’éf{ CBLHPREF R ¥ 4 1% nzy e,
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renoved, epigonallyyonedrova swid suppardtordpriaipige tbifdingrmosules] For ampie. sellspy
that have been transformed with genes encoding enzyme sequences with specific tags,
e.g., biotin, are typically lysed after expression of the enzyme. The enzymes are bound to
20  the support or enzyme reaclor, e.g., a solid support comprising streptavidin, and the cell
Iysate is optionally removed, e.g., by removing the solid support from the cell lysate or by
filtering the cell lysate from the solid support. Substrates are provided to perform enzyme
reactions on the support, thereby producing products that are sufficiently pure for

injection into a mass spectrometer. The solid support optionally comprises a set of

t
tAh

magnetic, agarose, or polystyrene beads, pins, a membrane, or the like. For example,
beads are optionally placed in a sample well, e.g., on a cell growth plate. When the cells
are lysed. tagged components bind to the beads, e.g., via a tag-binding moiety on the
beads. The beads are then optionally removed from the sample well for further reaction
or identification. Alternatively, the cell lysate is removed or washed from the beads. Pins
30 are optionally lifted in and out of a sample well to bind to and/or remove tagged
components from a sample. Similarly, a membrane is optionally used to bind

components. Other non-tagged components are optionally washed from the membrane or

the membrane is removed, e.g.. from the sample well to provide purified components.




filtering the cell lysate fromthe solid support. Substrates are provided
to performenzynme reactions on the support, thereby producing pqop#jﬁs 2003
that are sufficiently pure for injection into a nass spectroneter

sol i d suppordo/semii onal |y conprises a set of 25 magnetic, lﬁ(%z[,
pol ystyrene beads, pins, a nenbrane, or the |like. For exanp Q’%@gsgs are

optionally placed in a sanple well, e.g., on a cell growth plate. \Wen the
cells are lysed. tagged conponents bind to the beads, e.g.. via a
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to bind % P P"soe@%éﬁ’ohdhdﬁ‘aﬁe@j“@éﬁﬁ@ﬁéﬂé’%&%%@@%’?ﬂaﬁﬂnﬁ washed from

br ovi G0 ROV B EaRBRa ] Shocpig bR Deq Fralion, MBI ER G Sabd”
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pr oduct clntmwmmmmppacprdmcmmhyﬁednpieapmle@chhAtédl51316031&4 biy96-tve product and
or reactant is optlonally an enzyne or enzyne substrate. The product or
react!fnt THETSMSF Platen. ebhf Rlatgs are Hﬁ“éjr‘@ﬁm‘t’ Rel C(?l@m% ber axsmnje el dovefe net hods
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i ncl ude 95366;” Bi8zoer Bﬁse\mhdh apPrapriategirowdrmaliatasg, ﬂShex.ph;alt.esQamgefmseq to

grow cel |l col oni For anpl.e cel] colonies cont ] ni ng ne |ibraries
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from GCenetix. Additionally, the off-line parall purification and/ or
adj udf megenghtedeadk product gomdatidnemd poobeatmneteps lopticedly @pomhh@Watleowen t he

roduct s react gnts of, i nterest, are roduct eneration
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plate. IRy lsamee:n‘%ﬁm&nb&m tNgemBlahe ers@%mﬁi %E%&m{@fdrstﬁﬁdxﬂo 864 bd
support, e.g., particles, beads, a menbrane, a set of pins, of the like,

for bi ndmge@amp@rsemmrge cooymunest siterecels areéw@ylrrd?pr egargple. eachevellafla s are

lysed. Forlcrolﬁer plzﬁé opuonhally clorlnpn:];es%nc or more agarose beads, e.g., beads compnising

20  avidin or streptavidin to which enzymes comprising a biotin tag will bind. Alternatively,
a set of pins is optionally introduced into the wells of the cell growth plate to bind to or
remove tagged enzymes from the cell lysate.

A “‘mass spectrometer” is an analytical instrument that can be used to
determine the molecular weights of various substances, such as proteins and nucleic

25 acids. Tt can also be used in some applications, e.g., to determine the sequence of protein
molecules and the chemical composition of virtually any material. Typically, a mass
‘spectrometer comprises four parts: a sample inlet, an ionizalion source, a mass analyzer,
and a detector. A sampie is optionally introduced via various types of inlets, e.g., solid
probe, GC, or LC, in gas, liquid, or solid phase. The sample is then typically ionized in

30 the ionization source to form one or more ions. The resulting 1ons are introduced into and
manipulated by the mass analyzer. Surviving ions are detected based on mass to charge
ratio. In one embodiment, the mass spectrometer bombards the substance under

investigation with an electron beam and quantitatively records the result as a spectrum of
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about 100 or 200 sanpl es per, da ) 5..000n Samtaronpahiday. In the
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spect r omEtEY™ ™ and - anal'yzed i m | ess than an_hour. 10 sl i8BleahigBically
simultaneousty injected. About 2 to about 1000 samplcs are Op P :

20  about 3 to about 500 samples are pooled or about 5 to about 100 samples. In other

embodiments, about 5 to about 20 samples are pooled. For example, 100 samples are

injecti injections & i in about
optionally pooled 1o a single injection and 200 injections are optionally made

an hour, thereby screening a total of 20,000 samples by MS in about an hour. In other

1 ¢ t a rate of about 480,000
words, samples, e.g., clones or library members, are screened &

i [ 100 to about
25  samples per day. Thisis well over the typical MS screening rate of about

200 samples per day. A “hi gh throughput system

described above. Systems of interest in the present case, include, but are not lirmte

" typically has throughput rates as
d 1o,

mass spectrometry systems. magnetic resonance systems, IR and UV spectroscopy

systems, and the like.
30 A “cell colony” is used herein o refer to the i
n, is typically a growth of cells

n vitro propagation of cells

isolated from living tissues. A cell colony, as used herei

. I thout
on a solid medium or in a liquid culture, typically one that1s visible to the eye witho

1 1 eu
maenification. The one or more cells or clones (cells having the same genetic makeup)




t hroughput mass spectronetry refers to the pooling of sanples, e.g., into a
single injection. For exanple, nultiple sanples are pool ed i ntlol2AlG 203
injection. This increases the rate of screening of the mass spectroneter
because | ] sanples are sinmultaneously injected. About 2 to about
1000 sangwﬁ%hgkguoptionally pool ed. Typicalily 20 about 5 t&CABEHY3E%0
sanpl es are pooled or about 5 to about 100 sanples. In other enbodinents,
about 5 to about 20 sanples are pooled. For exanple, 100 sanples are

optional | ooled into a single injection and 200 .injections are tionally
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sanpl es per day. A "high throu ut tent typicall as_throughput rates
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are nof |imihed of Miere MBS FREREROIRIEY sEYShAMR is (RANE bk ferh@TORPORASHST €NB,
| R and UV spectroscopy systens,” and the Iike. 30 A "Cell colony" is used

her ei n t ointeeéser Foointdrest isecretied pootgnopagatiponl yebtaedd g purdieddrasticdly om | i vi ng
ti ssues. A cell COldﬁn%/?’ .a usegef?ere' n, is.typically a growh of cells on
a solid nBEFTAAgHaNGussd)ip 415 metpeds ke MveMiTal Iy one that is visible to the

eye w thout magni f ke@bdibreif MuARSd 06 BRAVEeS YithSadakd SltRASSs (&fdrt & havi ng
the sane genetic makeup) 9 1 1 AUG 2C03 mﬁ 00/ 48004 PCT! US00103686 from a

cel | col cenzymaythobhavedbegn o vamisiyhpirdieddidrs cals or gtiteh soyreesm SpibsEtesonwp | et e

cel l sat e a cell supernatant. A,purifijed cell lysate.i . product

o el PhEr oo RE nustHiREPEABR S pupt REFeasliGT bBlytes Y Bt sl ot
the cell w@lhst (JHR ghbladionRY rdiidy/siotdudieiamerisecdIls orlcBR [y¥agseMhehmtivent i on
and the resulting cell |ysate used to generate the products or 5 reactants

of i nt er emtificdleneymes dreaityched fea eelid suppperanit AANZYMEUSIIT BegelbPiat e
conponent 3 gl,]é)ctsr %r?foﬁﬁ%ﬁ%igngﬁggie'p%tye\h%ﬁhostﬁegsrhot itdgsﬁ%&({r%xgﬂa)f‘%nﬁﬁl (S’f%%]ona' ly

obt ai ned BPYHU super ma use e nmethods of the

i nvent i OnenzAed 566k the k@ichion nktiief £@d byetmorN 2y Mesolid shipprad &tbr exdosple at es”
refers to enzynes that have been Erevi ously purified fromcells or other
sour cHs. 'Shisarizames argr Runified fromem cell BisaeUsing RIS SEMPISHE HASPHRINE BO%Poduce

reacti on B SAEHSoRloslyRLEE! i Freachon iy GRTGE A ks Gt WRcREREEey O
enzymes aegmodtd achedohdudos of ind raxpparieavieg tgchindanpeifmdnmrodwact or, the
reaction "Nugcleic acid" refers to deoxyribonucleotides or ribonucleotides and
polymers thereof in either single- or double-stranded form. The term encompasses
20  nucleic acids containing known nucleotide analogs or modified backbone residues or
linkages, which are synthetic, naturally occurring, and non-naturally occurring. which
have similar binding properties as the reference nucleic acid, and which are metabolized
in a manner similar to the reference nucleotides. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidites, methyl phosphonates,
25  chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).
The terms "polypeptide,” "peptide™ and "protein” are used interchangeably
herein to refer to a polymer of amino acid residues. The terms apply to amino acid
polymers in which one or more amino acid residue is an analog or mimetic of a
corresponding naturally occurring amino acid, as well as to naturally occurnng amino
30  acid polymers.
The term "amino acid" refers to natﬁrally occurring and synthetic amino

acids, as well as amino acid analogs and amino acid mimetics that function in a manner

similar to the naturally occurring amino acids. Natrally occurring amino acids are those
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products are optionally purified by washing the solid support or by renoval
.of the enzymes fromthe reaction mxture, e.g., by renoval of gqhg[@@ gﬂw

support l e 15 when enzynmes are purifi ed froma cell
pi ns corrp‘?é ‘ﬁ@g‘Pt ag-binding noiety, the pins are opti onSF'WJS 6% i nt o
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reference puc| gi Em 8%hafbonanst iVbbma t@[}@lfyﬂﬁ)tg&b@dmﬁﬂyl £ridup, ANEIRTIRG gRiupi dralr t O
t he reference nucl eotides. Exanples of such anal ogs include, w thout

i mi t ai onn Rohesphog.ohbinostries, nqrkosphanethiodine selfoxtde.myathignias meaidt es, 25

chiral-meth phos nat es i bonucl e eic
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I nt er changealoyes BGE fhdin YR sraﬁ{e%rasnk Chénikel YiBluredds Bmitmall ﬁatcdxrnimardmes The
terms apply to armino acid polynmers in which one or nore ami no acid residue

i s an analacig. oxminioretd wirogtica refewsite ekqroinal cegpaurdirthpl have & SHRRIREAM no aci d,
as well as. to natur rin m.no 30 efm"am no
aci d" ref &Hierey ﬁ%{f'f}?eagq z‘i&%ﬂ’?‘?%r‘?&“ﬁﬁﬁ ost)f1 q?(?%agrﬁﬁgg{ aﬂun-g é}n a‘g wel | as

am no 13ci c¢hARA GEFIafRG ﬁJﬂu’ﬁﬂv%@dLﬁnﬁH ainoGsidl hat function i n a manner
simlar to the naturally occurrl ng am no acids. Naturally occurrlg% am no

acids are those 10 A0 @eAA48G0Y “gro U%@@QGW@@W‘M@SBE&%‘H&HB by the
genetic C%?qedhlglabsvvée&aé?cb@s}t&?hﬁfgn &lrr{l tF!ﬁ b%% @al neenzgltn@r H%és' r@&iot €.g.,

hydr oxypr osp oser| m no aci d anal ogs

refers t0w1ﬁm%ﬂg%d}é@ﬂesh@]ﬁﬁ)dht€rc§ﬁm fredices thivemnmt ofintestst ucnharpeesast a
natural ly occurring am no acid, i.e., an a carbon th

b
hydr ogen, uaveoaqamoﬁgr[ exgmalp o avpleend W gstipnal SPAyE, the @%awf H@eﬁuon o
homosgci ne, “ﬁ{i\f’g%ﬁ%%ﬁ‘? crqz?#r% O, Ao %%Hlﬂ QitsHGes Wﬂi Eﬁo"}me']ﬁlpﬂﬁ{lm%fonﬁhﬂcfnom um

Such dnal & groups ., norl I ne) nodi fi ed peptide

backbones redidding eefuRclidielimasiahd asi enzymrbaprosiucua@twmmasll)akmlw ally
occurring amno acid. Amno acid mnetics refers to chem cal conpounds
that have campppids r@kpawp CPEPCHIdf erent fromthe general cheni cal

structure of an am NRs Q&'dqveré?rlr’,t“pfdaﬁ&t JruntkieR@Mcidicatalyzed reaction” refers to any
product generated by a reaction that has been catalyzed by a nucleic acid functioning as
20  anenzyme, e.g., the cleavage product of a hammerhead or hairpin ribozyme.
The term “protein binding molecule™ is used herein to refer to any
molecule which binds or interacts with a protein. It includes, but is not limited to, other

proteins, carbohydrates, lipids, nucleic acids and the like.

The term *‘carbohydrate” includes any of a large class of carbon-hydrogen-

oxygen compounds. It includes but is not limited to sugars and their polymers, €.g2.,

12
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starch, glycogen, glucose. and cellulose, and polyhydroxyaldehydes, polyhydroxyketones,
or their derivatives. Most but not alt carbohydrates are represented chemically by the

formula, C,(H,0).. where “n” is three or higher.

“Carbohydrate binding molecule” is used herein 1o refer to any molecule
30  or compound that binds or interacts with a carbohydrate, either specifically or non-

specifically. It includes but is not limtted to other carbohydrates, proteins, lipids, nucleic

acids and the like.

1l




10 manner simlar to a naturally occurring am no acid. As used herein,
"product of an enzyne catalyzed reaction" refers to any product Yenatigt 2803
by a reaction that has been catal yzed by an enzynme. Enzynmes react wth
substrat e wolgamgdees t 0 produce reaction products that are of interest in
the present invention. For exanple. to evolve a new functiBnEPS¥A3¢8%e the
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limted to sugars and their polyners, e.qg., starch, glycogen, glucose, and
cel lul ose, and pol yhdrBXgaNe hy dean 1090y Ry decsnpk eerapress, an @rganipe| r

deri vativg§mpMp§n§_ but not all carbohydrates are represented chem cally by
the fornula, xX(H20 n, where "n" is three or higher. "Carbohydrate binding
nol ecul e" is used heéDbgosatdharidé erefdrotcanielnivklohba malouir daMPRLMcug st

bi nds c?)r | nt erlﬁct S W &E%a c?r bohydrate, either specifically or non-

speci } caf'ti’%}” {0 hput LA mplg sygarspsimanogaceaidegindisher car bohydr at es,

proteins, |i bi ds, nyRé Rl “h?&ﬂoﬁ@olﬁ@%oﬁé&ﬁlé’irﬁ@rs tgljan}rrljolé%ug %Py;?o?‘li%(porozpl 48004

PCT11 JS00/ 03686 The term "ehzyme,"” as used herein,  gener efers to a
prot ei n wmiokdsukectiych has @ dfhvigy S toiltap an educeertiherfact. | A ahydopRitie ngleafie™a
chem cal reaction i@ ot her conpounds or —"sybstrates." The term"substrate
with one STCTRER BOISGHE S5 RBHPUTIAB LR msdecujethy ag aHaH i fAr pgtsiet R oo g
substr at ewhiain&®Epr i ses a nol ecul e that has at |east one, and possibly

nor e, hydrophobic group or portion. An "inorganic ion" is an ion which does
not cbhprise an or ghhg term “library” is used herein to refer to gene libraries, e.g., produced

by mutagenesis, recombination, directed evolution, shuffling, or other diversity
generating techniques; enzyme libraries; combinatorial or chemical libraries; naturallty
occurring libraries; e.g., of microorganisms; libraries of non-biclogical compounds, and
the like. “Library of related gene sequences” is used herein to refer to a group of similar
20 gene sequences, for example gene sequences encoding enzymes or enzyme subunits that
have been evolved or shuffied to create new and/or related genes that encode enzymes
with the ability to act on a new substrate, or for enhanced catalylic properties with an old
substrate, either alone or in combination with other genes. In some embodiments, a
library comprises a group of genes that have been fused to a sequence encoding a specific
25 1tag, e.g., abiotin tag. For example, the expression products of such a library are then
optionally bound to a solid support comprising a tag-binding moiety, e.g., avidin or
streptavidin, that binds the specific tag.
As used herein, “biological matrix” refers to the fluid, substance, or
reaction mixture or growth medium in which a cell is grown. The products and reactants
30 of interest in the invention are optionally generated and/or purified in the biological
matrix. The biological matrix is typically similar to the native environmental conditions
of the enzyme or substance of interest. In some embodiments. the enzymes, e.g., tagged
enzymes, are removed from the biological matrix by binding 10 a solid support, e.g

S
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conponent. "d igosaccharide"” refers to a relatively short nol ecul ar chain
made up of 10 about 10 to about 100 sinple sugars or m)nosacchamﬁeﬁugﬁlmgg
The term' {W)CLL E fqbi ¢ nol ecul e” refers to any nolecule or portion

ic as

nol ecul e wh an affinity for oil at an oil-water intF§TAEP0/03686
"hydrophilic nolecule” refers to nolecule or any portion of a nolecule
that has an affinity for water at an oil- water interface. 15 The term
"library" desysuget drefiginttit Beddeires cdDogeiepliduraih £Sipp&i @io themvediged by
nut agenesi's, reconbi nation, directed evol ution, shuf?l i ng, or other
diversity W@@h@ﬁ&?ilhycﬁﬁm‘ﬁﬂ q%b’ﬁe%nzyrre li br ar| es; conbinatorial or
Chem cal | ! braries; Q‘?}En'éfo &%H%ermgré %:113 &% ?h% tlzlegg traHsfeftcﬂ or

m Cr oor gani sns, I|brar|es O ogrca nmpoun

"Library aqfankdicad e@thgmwms@mmesn huebdeseddmxemdm"tbg anehkBgerios augéoup of
simlar 20 gene sequences, for exar | e gene sequences encodi ng enzynes or
enzyme?sutydi wt@ntswa eXQpgDRUsHWEl Ceared hasdeen remﬂtqc@@sm thergeltracRRAN&Nd/ or

rel ated 9%1%§ NGRS o Bl %F)F;? intldrfled Q:%vglgh ]héag ﬂSEg%%o%BQ

substrate ert‘oor enhanced 'c I'cproperties rate,

ei ther al o)teA@tmn“gmp)nmblcaﬁdmmmét&u OThedxogemas DN A ok eahaihsdsi s a
| ibrary conprises a roug enes t hat have been fused to a sequence
encodi ng &Pspealglgrpempssuchgs agl @mld al THReimatog gefepoe agy avay|of 2eHINE 2ex pr essi on

duct t
g{)?rplrjlcsfngng%@%prdgnctdgpﬁ%'é” n%i‘r@{/:%rﬁgntézlufamgve? oll%lraPIBHr@allgs(?lc? gl?'“'&’t %g‘i@ggr nds

the speci fiptl-tuateic Add usediches, eicn, "bi ol ogi cal mat ri x" ref ers to the fluid,
substance, or reaction mxture or growth nediumin which a cell gr own.

The products and reBdt 8Attsel'3ig mpan| %tf‘é‘r@gthnﬁﬂtw SXPUSHOP IRCAF @ndopt. onal |y
gener at ed Wgthe% bhdakiBfl of BliSi R PR pRsBRLELS:, ADR BhOMagbeal matrix

is typi cal ative environnental conditions of the enzyne
or subst apoékaniotit nélarsetsh as Emoeklonectdam@dc el sich i gessn ayseets amghipran, bagged

enzynes, are renoved fromthe | ogi.cal  matrix inding to a sal
SUpport, BT Cols 6 ABGOID L ABAIBHNE. PeT SR SnE BT STRENS or
magnef s c lprealcjﬁ inacell growh plate or pins dipped into the wells in
which the cells were grown and |ysed. "Transfornmed" as used herein, refers

to a cell that has laeémcistﬂie’h'sfadblﬂédmipcul@ with e weigin of replicationcfdec acid. A

cell has ctran for d" n | .
_ p? smid is capa leo ing reghcate in QA€ B idrd Tost gei?types. Because a plasmid

is usually small and relatively simple, they are commonly used in recombinant DNA
experiments as acceptors of foreign DNA.

20 The term “simullaneously” refers to two events that occur at essentially the
same time. For example, the generation of the products or reactants of interest in the
present invention occurs simultaneously with the purification in the off-line parallei
purification system. The two events are both done at the same time in the same location,
e.g.. the cell growth plate, to save time in the analysis, thus allowing a high throughput

mass spectrometry Scrcening to occur.

I S |
A

An “automatic sampler” is a robotic handler that transports samples from
one location to another. An automatic sampler is used for example, to transport samples
from a cell growth plate and inject them into a mass spectrometer for analysis. Examples
of automatic samplers include the Gilson 8-probe microtiter autosampler and the

30  microtiter autosampler from CTC analytics. Automatic samplers optionally include
robotic handlers that are used to pick colonies, such as a Q-bot, and/or add or remove

reagents to or from the cell growth plate.
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5 acid when such exogenous nucleic acid has been introduced inside the cell
menbr ane. Exogenous DNA may or may not be integrated (coval ently liAked2003
into chronobsonal DNA naking up the genone of the cell. The exogenous DNA
may be mawaitisped on an episonmal el ement, such as a pl asMb@rusoonsss
Transformation refers to any way of getting a nucleic acid across a cell
menbr ane, including el ectroporation, ballistics, injection, using 10

| i pi d-nucl eic acid conpl exes, etc. By "host cell"” is neant a cell that

cont ai ns an expressi on vect or %WI%%B[SHSQJWQN eplication or expression
of the expression vector. Host cells may be prokaryotic cells such as E
coli, or eukaryoti dMeslspsctsusdinasasyeers tseditmdetett, metabblited @mrhiologicnefaiad i an

cell's such ,as CHO HelLa and the éi ke, e.9.,.cultured cells, explants, and
cel I's 150f 0 POPEOT AZYFEA83HIgas. | 3ccaC. Qﬂﬁl“éé‘b‘fc TSPy Messgi n of

repligat ispBetrorh@ry Rk ARR &bill A sCAPHER vRk IRGHAGs" SRl ECAL ek Magor nore
host cell types. Because a plasmd is usually small and relatively sinple,
t hey ar e Bsologp/19/8%.ed poh3.r BeortxmzndimdilAhe grepentiimention asesabe epesns of
foreign DNA .20 Tge term M%I mul t aneousl y" refers ﬁ@tv\o events, t hat occur
at essenfRACIY Of AECUEPRY VSR mmior g97y IrE‘,’C“tOH%a‘Efﬁe frafF?C&H”@foq“ﬁ{é%‘dr oduct s
or react giMpinfa HisH 8h€fdhpul1& N EnieRIRSAMysis NYRIHoI AR nREIA o 15d ﬁ?é&ctn@neOUS' y

W th the_purl_Fl cation in the off-line parallel ~ purification system The
two eveninyvennen.ponmptioneniatted digea brratoty massispedtipanatenteithant avy eolpymne. g., t he

cell growth plate, tq save time ln the | ysi,s,. . thus. all gwing a high

©hr ob@nparrirbief afy ah By Pl Mk dnat FGe V8 Beia Ly oybE e ¢ Sanpl er

i s a robefodricabeingintd BRthe b RESAPIEF Sse8 MRS tHesafMplANThlGalenAk 0 anot her.

An automatic sanpler is used for exanple, to transE)ort sanples froma cell
L

growt h phgtlenigreditdrplase of samepies istypieallyays islsescthap A bewr. fAasosamplersi s.

Exanpl es __of aut omati c..saml include the G lsaon 8-probe mcrotiter
aut osanpFAPPAe T S RPIALY 1S ARV AS e rur R & M VEF M Aut omati o

sanpl er Stf@@lg!hﬁﬂﬁtlo'cylci neé YOED miihey, whidhansli@ tentaNaty far gbddd §T0 frfediohk
col oni es, such as a %bot, ‘and/ or add or renove reagents to or fromthe
cel | Lyr ofgrhoyr ax gouy 33.900Q imegtopeso pmagninesoemeoEng IHpampissrioN

gl ggicﬁé(?gi?(ﬁ%I.%g:ﬁ:%ﬁf?ocﬁtfo%g%ﬁﬁ’sai?rﬂﬁest?ﬁ@&dﬂﬁﬁ&l hou H6dcastsiWBhaRBLAY es 0

then the screening rate increases to about 1000 samples per hour to about 575,000
samples per hour or about 25,000 samples per day to about 13 million samples or more
per day.
20 One aspect of the present mass spectrometry method is that the samples
are purified off-line so that an in-line sequential chromatography step is not necessary. A
liguid chromatography (LC) step, to separate the components. is usually coupled to the
mass spectrometer (MS) in a sequential fashion so that the limiting factor in mass
spectrometry throughput is the speed at which the LC can process components. With an
25  off-line purification system, such as the one herein, the speed of mass spectrometry
analysis is not limited by a sequential purification step.. The mass spectrometry
throughput in this invention is typically rate dependent on how fast the automatic sampler
can transport and inject the samples into the mass spectrometer.
To analyze enzyme reactions using high-throughput mass spectrometry,
30  first a single colony of cells must be picked and grown. Second, enzyme products are
generated using whole cells, complete or partial cell lysates, or purified enzymes to which
substrates have been added. Third, the products generated from the biological matrix are
purified in an off-line parallei purification system. Fourth, flow injection analysis is

performed using tandem mass spectrometry.
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and to nonitor enzyne reactions. See, e.g.. "Quantitative El ectroTpAl?G/ %ﬁ?s

5 Spectronetry for the Rapid Assay of Enzyne Inhibitors. Wi et

Chem stry and Biology, 9/19/97, 4, p653. In one enbodi nent, the present

i nventi on WOHW/48P4 i nherent capacity of el ectrospray MS toPODUSH0H368BNZY NE

reactions and their reaction products by adapting a high throughput flow

I njection analysis. Using the nethod of the present invention, a sanple is

injected directly into a nass s&_eﬁt%omater wi.t hout any colum 10 separation
foerighy

and anal yzed i nst ant/MjPIIC#H@nss rOHRRPH AP ysiude; bt prerfof BENSALY by t he
ot ori ¢ MRUEBRAL I:RMnal Dﬁné‘b&tﬁ% sBiabREA. bt IERdr, 010 g8 RaASn o NS, an
entire 96- wel crolrter ate o sanples 1s typically run Pess than
an hour. Aetdwdngltbat cocrmtqmwnhsqncsuahcamlﬂ]dvsmpreaﬂd:eCH'&énAq&bmcnessmaroé

currently worki n% to increase t??teg[?throu ghput to one plate in 1Q n putes,

whi ch wouFBPESHERCAPY B LTS foiﬁjcéE'f‘ﬁSowgmi@”wefrfqu&mf Péerscawmas ooo
i nj ectkonggd,

about 5t 8 abhay 8 BE S AR ARFShech R G et B e oL for B9 e,

t hen t he stedkbmithghnome bodlscredd;eenalky along adkDH0] ysamahés ppeomieailon fion- about
575, 000 anpl es hour about, 25 000 sanpl es er day 0 about 13

T i on sANBRR NI, 334 fopdyand SRk EmSSHER ES BRaln e i e SRMOBRLS s

spect r oney ct”ﬁHP:Qthu%hbnﬁF{HTtPl?%d§érﬂéé@ﬁ1 @ﬁ[e:eeetrasffm%& ﬁcahbrpsf&leomat an
in-1ine sequenti-al romat ogr aphy step |s ndt necessary. rqui §

chr omat ogpatpwgyg ltss.l)omsttép tortsgmges,mofactommhemﬂg vpluakletpdant ipsodusis aduchy aeoupl ed to
t he Ss spectro teréﬁg%{]ase fr fashi on ?othat the Li

f act o0} nARBSAnd A RE deptifieafion o st rles s of &ea EarsTommaap o ol can
process Cﬂmﬂ%@t 8t fov\éér’emﬁﬁo BRanQifbr the PResbilel It lde@fdddaniHSir6MicS Udihas the
one herein, the speed mass spectrometry analysis is not limted by a
sequent | alhrwhlpﬂﬁ h’@tils@hiositsefplf for'mmlmsglysqsecba@ml apd VIrhIrsryslgh@uﬂn int h| S

i nvention_ji i ca rat e.dependent t he auto

can trans %ﬁfu%‘ﬁﬂu?ﬁfe%sﬁ)e?lﬁépéegmr)ll"éve" ﬂ?d“ W&&'Q“‘s’ﬁ‘é@tspfé%% y( anal yze
enzyne rerfs)iioiedus istr@edliBRrithseahRu ., rwaﬁemegswrpmawofas&mwst a
single_colony of cells nmust be pic cked” and grown. Second, en roducts
are Yenerupleig agidiardongsatesingel iyarydonpnzame astivivag i, 4l lltwwprﬁlsgﬁ B@m or
purified 5:? %vothﬂ +r%ﬂuffﬁi-ﬂps”at es have been added. Third, the products
generated from ogicalmatrix are purified in an off-I I ne parallel
purification system Fourt h, flowinjection analysis is perfornmed using

tandem mass spectronetry. 14 1 1 AUG 2003 WO 00/ 48004
I. Integrated system elements

Making Libranes

20 The present invention typically utilizes DNA shuffling or directed
evolution technologies to make libraries which are screened by the high throughput
methods of the invention. but other types of libraries are also available and are optionally
screened by the present methods. A “library” of compositions or compounds in the
present invention is a large collection of samples, e.g., composed of proteins, expression

25  products, genes, nucleic acids, cells, pharmacologically active compositions, €.g., drugs,
small organic molecules, peptides, and the like. Libraries include, but are not limited to, a
library of biological or chemical compositions. such as a library of expression products or
variant genes or a library of mutagenized cells. Such libraries are optionally generated by
DNA shuffling, random mutagenests, transposon mutagenesis, or combinatorial gene

30  assembly. Gene libraries are optionally expressed to produce libraries of expression
products which are screened by MS. The present methods are optionally uses to screen
any desired group of compounds or molecules. Techniques for the production of libranies

are well known to those of skill in the art.




PCT/ US00/ 03686 Applications for high-throughput M include but are not
limted to screening plasma, urine or cerebral spinal fluid, of tixJG 7803
for, i.e., identification of netabolites that correlate with cancer
suscept i bmwo dbi/aspss Presence, event specific testing of eXPR&HRod qgoggéﬁoxi ns.
nmonitoring effects of drug trials. nonitoring effects of préscri

use, creation of a metabolite encyclopedia that contains netaboli te
profiles for every type of cell in the human body. Addjtionall sting
and anal ysis can be R BrapesgHPisahy n5lndghthg sPRsifustionphicegmb 5&%’ G and

drink ite L . d ut
(HTP) MG ?@dﬁiﬁmfﬁﬁgﬁéﬁ‘%ﬂ“%%s@% e oy R vy
r esponsi bleeadh@ave shast kedd se @hownimae artalA widealadedyl of cpinang amgl mduiedé s, such as

10 drugs, and oils, and for |dent|f|cat|on of. the effect

t r ansf or mBTPRfcHIoN Tatiaeds spiteble fdboeqnsiuctn of secombinaghn c‘ﬁlaﬁgﬂsé”%‘fs t he
presersie of rgs%ﬁzi i nah umﬂ%gégo#& &ani hes Qg Relis WRidhSdedbme usef ul

for siml ar anal yses 1 n bacteri al viral systenms. In a particularly
useful aspetdcubt bjpl@sen technigee useful hhtegh1nch1cm@mpwmemmsslmpei§t3m:gﬂtan5} (HTP-

is used to, scre oress on oduct
of a shuf%l”@ﬂ‘eh : )i #‘f n@%

activity cél:lcmlé‘P}ésFrIﬁE YSQ{@QUﬁ@Af(BQ%r)dS&ﬁ&BSQe@MOlMEIé&ﬂamloﬁme fAing. 1.
I nt egrated system el enents Braries 20 The present [ nvention

t ypi cal | yLabdritormelslaivd (SidiEd.), iViug, bB Qoldeptieg Haé&mlmmmmrye@hldcﬂp@gges to
make | i braries ar ened,. b hods of the
i nverr'lt gt %ﬁ"t{]“ﬁgl‘])rlt Jg@iﬁ mpfo&}‘ai/"i' pigs

opti onal ! B’M SEISABARY dechhQUEEﬂsf’%Bko%tdqj%ﬁﬁ verﬂu ellicb\‘f@er re%fle POPRARIgt | ons or
conmpounds in the present invention is a |large collection of sanples

- g.
conposed 6$SOpratﬂselnn3dnde}>obn iddyoh S26s.dnodiseprdemerded throuahcl 999¢ (Heisdlel” )(bel | s,

phar macol ti.ve co |

ot ecu oo a8 g SAIRRRLE AR odsdtsor Pl HmasBE o P MBERion s ¢ oo
to, a |iRedods Qfseftﬁl rogiked [iEryGRR Bi¢ &ids§,anEagink it solyheele agaim | i brary of
expressi on products or vari ant genes or a library of nutagenlzed cells.

Such 15 brigestian EER)dhn lignsaFhan gf@ﬁ@@raﬂéémb@ rwa%mmﬁhfwﬁ@,on RBCheFbER
t nbl
Tt agene S M GNEAGE AT ABHIREE . SNRSBI 0 Akl SR8 Wnpragrtly.

products m&muﬁéﬁzcﬁC&eﬁlﬁﬁ led\Yﬁs eﬂ&re(mseserrﬁ memnuds4 asre,?mbimmal |y uses
to screen_ any desired %oup of cA)rrppunds or .ol ecul es. ecagfﬁg% s for the
2o Methads gadi Applisapons

product i oBroggcols A (indey s§innid @l shsksRfadent Yrt. 15
San Diego, CA (1990) (Innis); Amheim & Levinson (October !, 1990) C&EN 36-47,

20 The Journal Of NIH Research (1991) 3, 81-94; Kwoh er al. (1989) Proc. Natl. Acad. Sci.
USA 86, 1173; Guatelli ef al. (1990) Proc. Natl, Acad. Sci. USA 87, 1874; Lomell et al.
(1989) I. Clin. Chem 35, 1826; Landegren ef al,, (1988) Science 241, 1077-1080; Van
Brunt (1990) Biotechnology 8, 201-294; Wu and Wallace, (1989) Gene 4, 560; Barringer
et al. (1990) Gene 89, 117, and Sooknanan and Malek (1995) Biotechnology 13: 563-564.

25  Improved methods of cloning in vitro amplified nucleic acids are described in Wallace ef
al., U.S. Pat. No. 5,426,039. Improved methods of amplifying large nucleic acids by
PCR are summarized in Cheng er af. (1994) Nature 369: 684-685 and the references

therein, in which PCR amplicons of up to 40kb are generated. One of skill will appreciate
that essentially any RNA can be converted into a double stranded DNA suitable for
30 restriction digestion, PCR expansion and sequencing using reverse transcriptase and a
polymerase. See, Ausubel, Sambrook and Berger, a/l supra.
Methods of transducing cells, including plant and animal cells, with

nucleic acids as in library construction are generally available, as are methods of
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1 1 AUG 2003 WD 00/ 48004 PCT/ US00/ 03686 Making libraries typically, incl ﬁ&@s

the construction of reconbinant nucleic acids and the expressi onh bfAL@e

i n transf ewwem/dsmat cells. Ml ecular cloning techniques 0%?683 hese

ends are known in the art. A wide variety of cloning and |n Vilro
anplification rret hods suitable for the construction of reconbinant nucleic

aci ds such as . Eq)prresm Bn vectors are well known to persons of skill.

General t*BRISSHAP #EDY sh duelFigraciss ol ddbugn eBeraemdaisuled and)|
herei n, i9}eAHEHING sl %@ﬁ??ﬁ'f@r&nd&g%rzzg?tluﬁ%égﬂrmzﬁ'aglls llﬁkfcﬂaglﬁes?gy@&!&rﬁ

Mol ecul ar Coni ng Tec?ml gues nzynol ogy

Press, | md.Ani anQAl ¢fBbrsgePechniSasrbiniobidison Miley- MdseNelay orkd oni ng - A

Labor at or 2nd Ed.), Col d Spring Harbor Laboratory, Col d
Spring 1(5){?%8 th ¥or%, C“iggﬁrf(”‘ é%i’%ﬁl&—f‘—r@im ashs in

Mol ecyl aredﬁid?r'W%I FredmM arﬂ@b&gﬁin&%?ﬁj)} antﬁ@§cmm@ﬂf rcgqt Iﬁr\ﬂFrBZ%}lsDe@ j o nt

venture between G eene Publish Assocl at es, & Son
I nc., (subpl @derfiéedORhiigh H%&hcr(s"téup!uhleﬂc’rl)c)omn£xamnieemdoéoememhnn ques

suffrcrent t i rect of il]_.thr in vitro a I|f|cat|on
net hods (U%]Ba“h? X5 £t ﬁgﬁf@q?ﬂm&—u@ﬁm&&éﬁ%@ 3 yer ase

chain 15 g &aat 1RO NeRCRbri e r &S e
anplification "and Ngt herrl\ %E{Atpsgﬁe?n%@gégﬂ?%rg%g? m”éc nl)q(d%S)(%Té@ﬂASBA)

are foun 1sque Bad fiega eSpringdr Latabanehl, Spangen-\dulaki s et

Pat 2: PCR_Pro ide to NEthods
ond pI ééflr“oﬁ%*d‘(‘?ﬂﬁrﬁe“é'\? o) <8é'a'§?r° - AdGheY BRed e medag ssgabedca
(1990) (lipnitkk andPAHRE (dBs BTHEMbRHBK 6@11&%%10%4@1%9):1 @G858 BRAless20 The
Journal OF NI H Research (1991) 3, 81-94: Kwoh et al. (1989) Proc. Natl.
Acad. SchOCﬁlB@NIBEL (311?8) Adldatiasia] infarmatipn fquﬁrgm):elpcldmrc MNefound Acad. Sci. USA
87, 1874, ) de er] et al.

( 1988) Scﬂl\'é(ri]’z(\r;['ge %%H.mmﬂﬁ'}' e&éﬁ’fﬁ’ 5)"9)‘}31[4,5 tgg :

P08 A D e hbiGy=alo8s, - 594,
Wi and Vllbegyaront $Q88) ATaéh, Inc (SﬁQourBaﬂO)'(lSi@ﬁm IﬂR@d:C) 6;1@ % 1@@9&1189 117,
and Sooknanan and Mal ek (1995) Bi ot echnol ogy 13: 563-564. nmpr oved

met hdds dsuliurebatalogue and supplesiesl (lﬁpébplmr&p@r%grae1ﬁdén%tr émdé%émumﬂd@h

Wal | ace E(Fi peck) S Pat. No. 5,426,039. Inproved nethods of anplifying

| ar ge nuc d¢c acras by PCR are summarized in Cheng er al. (1994) Nature

369: 684-685 and th@vﬂ@ét?béﬂ@e{sltygh&ﬂraing/prbduﬂ\/sﬂreé’hulfﬁaaﬁ@siz@@ﬂpu(ﬁlfallyp to
40kb are generated. One_ of skill wl| appreciate that essentlally any RNA

can be coReefawadicsdidrariesshm pe %W&ﬂb@%‘—f@w By thednethodsgprovisigd pesgir: j ct i on
di t d
e o B 0 S DAL <

pol yner ase. See
20 products of the enzyme reactions purified and analyzed in a high throughput format by

mass spectroscopy as described herein. One important class of such diversity generating
reactions is so called “nucleic acid shuffling” or “DNA shutfling”. In these methods, any
of a variety of recombination-based diversity generating procedures can be used to
diversify starting nucleic acids, or organisms comprising nucleic acids, or even to

25  diversify character strings which are “in silico™ (in computer) representations of nucleic
acids. Diverse nucleic acids/character strings/organisms which are generated are
typically screened for one or more activity. Nucleic acids, character strings, or organisms
which comprise nucleic acids are then used as substrates in subsequent recombination
reactions, the products of which are, again, screened for one or more activity. This

30  process is repeated recursivety until one or more desirable product is produced.

A vanety of diversity generating protocols, including nucleic acid

shuffling protocols, is available and fully described in the art. The following publications

describe a variety of recursive recombination procedures and/or methods which can be
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Met hods of transducing cells, including plant and animal cells, wth
nucleic acids as in library construction are generally avail abI e1 12AUG.r 2003
met hods of 16 1 1 AUG 2003 WO 00/ 48004 PCT/ US00/ 03686 expressing proteins
encoded byWoWlMsMdicl eic acids. In addition to Berger, Ausubgiradfoess
Sanbr ook, useful general references for culture of animal cells include
Freshney (Culture of Animal Cells. a Manual of Basic Technique, third
edition \y ( ere ces cited therein,
Fumson { oeibd o s praRdires LAl e AR WL (S EPRE nPlobiE e

Conpany (SI@TYQ?I) Claﬁld(llﬂ%(ti Miothelilar breetlingtof virlises Yoit tﬁiﬁgcﬁﬁyan@@lher clRigal-
pl ant cell cloning, culture and

25:1016-1024 f f
regener at |%‘ﬁ @Pﬁ'&éﬁ%&’g m:f?eﬂ %CGSPQQ‘Z) | BPSN “TA| Shasilingiof sukgegomicur e i n

Li qui d Sygde _ \{ and Ganborg
Li quid S Iflso sﬂﬁ(%(saé)gghrbthlrpyNalﬁe%@%c?#cﬂ& 111.\"3%%% é:@(a(aeﬁcg@};g} o
Fundabrent &volveerholdsc@pkinageing DabA Kenilashuf Sl Naeire ¥esteatholdby( 1Be193-197;

Hei del berg. Y Ga A f Cell I d
e Bt i o o i v
(1993) ORS:iftbesSCherRqa B 242 dAchARlans A 119807 nirbL,e) ERLG, for Pl ant

cell culture is foun avai l e commerci a ure [ he Life
Sci ence Regeiding kings¢ forw phmspﬁ)axtyédtmgmeing(m@a&)mﬂy@hmfﬂnm‘rmatﬁ&edrI ch, Inc

St Loui Si and, e.g.. Lhe Plant 15 Cul ture_ Catal ogue and
guppl em%@%@g%bmg A 8&95%I8Nﬁc5h€§§‘"5@uﬂ§amwwf genes °
(Si gna- P@@ﬁ)d:\«tﬁ«sé/ﬁfetﬁ'!sMc&ﬁcr%¥8ﬁ§dtéd’c\%ﬁﬂﬁfﬂawm@@?%gtzﬁc ray g of €actions

are optionally wused to produce libraries th_ﬂre optiona screened by
t he net hé¥¥7preledeldr perwion ofRorarexawgewxifidaian pathwaly byddNAastufliny e

encodi ng opt | Ly, .expressed pr oduct s_ of e enzyne
react i onhgl?qu ¢ Bidtechinglt gl%l 3 4(;3 % %%Pbﬁ%ﬁoﬁﬁﬁ‘ﬂﬁ? eYQIEieR ofgn ef}ﬁ?%‘z
spect r os¢apyidas NS & ghRedsitaseh DN uEMARha Mre&liRSOSPRE G dHiNer Sity
generating . rect | ons IS o cal led "nuclerc acid shuffTirng: or ~DNA

ng
shuf f | i ng¥ato -%45@4wfb§09ef’gltemfcl ak € bR HApplcativas ed

dlc:/grés;l E)%Sf%S&g%%ﬂsmctgﬁggg&%&naﬁc dt\?acgfﬂ%% éerm fXESt artl Eg nucl ei ¢

char act eB: RETEBYSranteiricdl ab £996) TCohitheQon éﬂ;memﬁtm#&fa)nubsw Sﬁz@g@tlﬁi‘érféas of
nucl eic  acids. Diverse nucleic acids/ char acter stri ngs/ organi snms which are

gener at e@Y shufPinga awre Medinag 21169- 193 eComarortal. dé??ﬁ/)l “Iipproned igesien aci ds,

char act efyy§fLdeRG5oteds b e 2] ds are then used

as substr gt o eﬁn ok egrf ﬁgﬁétyufffg%go bﬁ: sng%ﬂﬁm §hufﬁm q\lla urecﬂ:otechno ogy
14:315-319; Gates et al. (1996) “Afﬁmty selecuve isolation of ligands from peptide

20 libraries through display on a lac repressor 'headpiece dimer™ Journal of Molecular
Biology 255:373-386; Stemmer (1996) “Sexual PCR and Assembly PCR” In: The
Encyclopedia of Molccutar Biology. VCH Publishers, New York. pp. 447-457; Crameri

and Stemmer (1995) “Combinatorial multiple cassette mutagenesis creates all the
permutations of mutant and wildtype cassettes™ BioTechniques 18:194-195; Stemmer et
25 ak, (1995) “Single-step assembly of a gene and entire plasmid form large numbers of

oligodeoxyribonucleotides” Gene, 164:49-53; Stemmer (1995) “The Evolution of

Molecular Computation™ Science 270: 1510; Stemmer (1995) “Searching Sequence
Space” Bio/Technology 13:549-553; Stemmer (1994) “Rapid evolution of a protein in
vitro by DNA shuffling” Nature 370:389-391; and Stemmer (1994) “DNA shuffling by

30 random fragmentation and reassembly: In vitro recombination for molecular evolution.”

Proceedings of the National Academy of Sciences, U.S.A. 91:10747-10751.

Additional details regarding DNA shuffling and other diversity generating

methods are found in U.S. Patents by the inventors and their co-workers, tncluding:
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reactions, the products of which are, again, screened for one or nore
;activity. This 30 process is repeated recursively until one or {mbr&UG 2003
desirabl e is produced. A variety of diversity generating

pr ot ocol s,‘%ﬁ@ﬁh‘f ng nucleic acid shuffling protocols, isPAT&{308/B3686and
‘fully described in the art. The follow ng publications describe a variety
of recursive reconbi nation procedures and/ or nethods which can be 17 11 AUG
2003 WO 00804 PEALMSHSINEEE6 Siamonerbemtienyy 15t 89 BUCHETHRBERORSINas wel |

ther dj Lt ing, protocol s; St t.al., (1999
orl A BB LGSl S SETELS Bl 15
Properti eSemdHBBr 22130981 Mg HADE FOR mAﬁN@PO%ﬂ‘MLﬁ%@Uf fling of

subgenom ¢ " sequences of subtilisin®™ Nature Biotechnology 17:893-896; Chang
et al. (188YIN6 DEVIRER CFARACIERJIHKSRY WEERGTIDME SELECTIAMMND i ng" Nat ure

Bi ot ech ' -797; . .M nshul 1999) " t ei | uti
B BT O i e eSS D ST sk oS don "
Chri sti anpyogy, “INA MEPAGENEIIS He R AR FRAGMENTRITON ARDKI nase for AZT
phosphoryl ation using DNA fam |y shuffling” Nature Bi otechnol ogy

17: 259- 26REASSEMEL L' Urlited S19&8)atenDNA34.B0E ¢ Bregunodr, et dl ANdvgmbér denes 10
f di i | i ion” 391 288- 291:
o ameri - ol BB eI ARY Pl SRIER oSk EA L DN e A SulR SIS et 1 on
pat hway by, &S stidd iodinshulet W eNRegibecimabogy “MEHIOD4AINDZhang et al .

(1997) "Directed evolution of an effective fucosidase froma gal actosi dase
by DNA shdOMRAYTHANSFEOR SHLAGLAR s0H: MEGABOLIE RNGREEERING. " Acadeny of

Sciences, U S A 944 -4509:. Patten et. a 1 "Applications 15 of DNA
Shuffling to Phar rrglgeag@ﬁ'é)gr ‘ge%%{lns n@/i%@aﬁsefs?x b&é Pgﬁﬁ]%ﬁéﬁi%hﬂiﬁvﬁ@t echnol ogy

8: 724- 733geneka8fi€ biot&doidhre f6kRI9R h v'hﬁ:a?@r POt dndifordich sat@lt dbpiadation
anti body-phage libraries by DNA shurfling” Nature Medicine 2:100-103;

Crameri epubdicatiqnsgoetpdingdieayedd agd Eapmert, [ Tdt e MERAGENEHS B H RANPEM| ar

| uti ' f £ L g 4: 315319 Cat t
Cyo! o or LM RMATON ALNGEa Bl S 55DR0L0 Gl RS2t o= @
|'i br ard es“END Q@M PUEMENYARY POLEMERDSE S$HAIN REAQTION WiO®R6/2320¥our nal  of

Mol ecul ar . Bi ol ogy 255: 373- 386 StermerN%1996 "Sexual PCR and _Assenbly
PCR' I n: SwEmeeapd Crapayi MEJHQRS EOR GENBR I POENNYGLEOHAPES New Yor k.

pp. 447- 4ﬁZ.iv1ﬁba|§E§'tRFr|?%@Rﬁ@ﬁklﬁl%%%ﬁ??ﬁﬂﬂmmtcmﬁipﬂhﬁ cassette

mut agenesi's creates a permut ati ons of mutant and dt ype cassettes"”
Bi oTechni REESMBINATIQIGS WGSO20028; Minsiat aad Sien(rb&9 SMETHOBSeANPep assenbl y

of a gene AbSHTIOR SR Pl Y AR N9 RaB ABBIIcENGINEERING” WO
20 97/35966; Punnonen et al. “TARGETING OF GENETIC VACCINE VECTORS” WO

99/41402; Punnonen et al. "ANTIGEN LIBRARY IMMUNIZATION" WO 99/41383;
Punnonen et al. “GENETIC VACCINE VECTOR ENGINEERING” WO 99/41369;
Punnonen et al. OPTIMIZATION OF IMMUNOMODULATORY PROPERTIES OF
GENETIC VACCINES W0 9941368; Stemmer and Cramen, “DNA MUTAGENESIS
BY RANDOM FRAGMENTATION AND REASSEMBLY” EP 0934999; Stemmer
“EVOLVING CELLULAR DNA UPTAKE BY RECURSIVE SEQUENCE
RECOMBINATION" EP 0932670; Stemmer et al., "“MODIFICATION OF VIRUS
TROPISM AND HOST RANGE BY VIRAL GENOME SHUFFLING™ WO 9923107,
Aptetal., “HUMAN PAPILLOMAVIRUS VECTORS” WO 9921979; Del Cardayre et
30 al. “EVOLUTION OF WHOLE CELLS AND ORGANISMS BY RECURSIVE

SEQUENCE RECOMBINATION" WO 9831837; Patten and Stemmer, “METHODS

AND COMPOSITIONS FOR POLYPEPTIDE ENGINEERING” WO 9827230,

R
Ln
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ol i godeoxyri bonucl eoti des" Gene, 164:49-53; Stemmer (1995) "The Evol ution
of Mol ecul ar Conputation" Science 270: 1510, Stemmer (1995) " SeafcAlihd003
Sequence Space" Bi o/ Technol ogy 13:549-553; Stenmer (1994) "Rapid evol ution
of a protewoooasooyitro by DNA shuffling" Nature 370:389-39(1;#%15}%1 St enmer
(1994) "DNA shuffling by 30 random fragnentati on and reass 9.""{“%%”0
reconbi nation for nolecular evolution.”™ Proceedings of the National
Acadeny qQf Sciences, U S A 91:10747-10751. Additional details regarding
DNA shuf PISRGEEFHE ot MerMETTIRRS FORfQREMIZ AFIONSMGENEAFRERAPYIBIYN U, S.

V0 00/ 48005 P Veuhr 0 Toder Uk PR N EME SELECHORGIR0IBIE. o crpor
(February 25, 1997)CertaNMEDHOBRSpRER dnbl provh Jed ¥ drtiaoMB  NA T £ gUDNIed St at es

Pat ent 5,%}1 .238 to Stemrer et al. (Septenber 221. 1998) "METHODS FOR
GENERATI N SANYCEEEsH B IqUaBRVISNGS | DES e S crmAESPERUST st qely, Intloding| VE

S NS IR N R N s Pl B e E e b o D>
TEASSEQ/SUW)S, (WBiShesl/ Sfl)zhﬁ @A.E?Ugg_zgillz %%g(i;l mREAg@HI g{.lemqea%d %gtﬁ‘m&er(szﬂove mber
, " " 1 { at
b ent & 1899 DSo kT RO Atfomey Dag ket Nmmpsﬁ%%qzsaaqw%%@::%wgio 10
COVPQCSI TI | - iti , i
RO L AR AR R A B R S QUER o oeel o by

and formats for DNA Iversity génerating protocols are
found i n REGQMBNATION’CHy deld”drdyreicgal. fikdddinty EpPDE &F$ SN 09466|1i88 ptandns,

AND RSN T 953 BhA5T ey EL AT R Y MEPTEN vt ENENT ARy
PQYNERA&E:I@%E@O?E&QTA%N%%?&@%?QJ&L frRIEFBFRar @8] d903 RSN * METHODS FOR

GENERATI NG POLYNUCLEQTI DES NG DESI RED CHARACTERI STI'CS BY | TERATI VE
SELECTI OS0/ANB.8 | REGOMBlcNAT N, 19¢9 073919 B8/14M048hand fakad SSptembrer 28,"IREHODS  AND

COMPCSI T F ULAR AN TABOL] C L NG, ] 6;
COMPC )NS5 A LETABCHLG BN PR Q28 st
Punnonen gASEh OISO GENEOTBBARY i MYENIZAORGY NYEEIIC ALRSBFLINGINRonen et
al . "GENETI C VACCI NE VECTOR ENG NEERI NG' WD 99/ 41369;

15 Welch et al,, filed September 28, 1999 (USSN 09/408,393, Attorney Docket Number 02-
010070US); and “METHODS FOR MAKING CHARACTER STRINGS,
POLYNUCLEOTIDES & POLYPEPTIDES HAVING DESIRED
CHARACTERISTICS” by Selifonov and Stemmer, filed February 5, 1999 (USSN
60/118854) and USSN 09/416,375 filed October 12, 1999.

20 As review of the foregoing publications, patents, published applications

and U.S. patent applications reveals, recursive recombination of nucleic acids to provide

new nucleic acids with desired properties can be carmied out by a number of established

methods and these procedures can be combined with any of a variety of other diversity

generating methods, e.g., to produce libraries that are optionally screened as described
25  herein.

In bnief, at least 5 different general classes of recombination methods are
applicable to the present invention and set forth in the references above. First, nucleic
acids can be recombined in vitro by any of a variety of technigues discussed in the
references above, including e.g., DNAse digestion of nucleic acids 1o be recombined

30  followed by ligation and/or PCR reassembtly of the nucleic acids. Second, nucleic acids
can be recursively recombined in vivo, e.g., by allowing recombination to occur between
nucleic acids in cells. Third, whole genome recombination methods can be used in which

whole genomes of cells or other organisms are recombined, optionally including spiking

20




Punnonen et al. OPTIM ZATI ON OF | MMUNOMODULATORY PROPERTI ES OF GENETIC
VACCI NES WD 9941368; Stenmer and Craneri, "DNA MJUTAGENESI S 25 BlY {RADM03
FRAGVENTATWOWodddes REASSEMBLY" EP 0934999; Stermmer " EVOLVI DNA
UPTAKE BY RECURSI VE SEQUENCE RECOMBI NATI ON' EP 0932670; Stenmer et al .,
" MODI FI CATION OF VIRUS TROPI SM AND HOST RANGE BY VI RAL GENOVE SHUFFLI NG'
WD 9923107; Apt et al., "HUVAN PAPIL %\EA S VECTCRS' W0_9921979; Del
Car dayr e ObthegIENQINIC FeERTEPING PMBRUARM! $US1OARG) CORBRRFERS ECURSI VE
SEQUENCE ON! 7 tia Ry 1adhh e inAND
Sonponl 1 SR e i o e feh b R R 9&%%2%‘;%*1%52@1 UG 2603 WO
00/ 48004 tRgdls BSDMES 68653t lewired amt reasemblatdn PORTHANSUPORe 0PIV MAITI ON OF

GENE THERAPY BY. RECURS] VE .S ENCE SHUFFLI NG AND SELECT] ' \WW9813487.
Cor tai n UrIdeolisonacleotsied SV IVRORE TR i 1p ShE PRENTAL RATTRC A
shuf T ki nghapg, %e%'e?’atti‘ﬁd nbRGEEAbIRY mﬁb‘fei&‘@&ihs.ﬁli neleofliaeiasideyngRNgr at i ng

met hods, i ncluding 5 "SHUFFLI NG OF RED GENES' by Patten et al.
filed Septandirdmui@etidoaRlitigrussioé0 /ot 02n Bempde Mainugiajesle syobgtiq USSN

60/ 117,729), and Septenber 28 1999, USSNO9/ 407, 8 t.t Qr et
Nunber . >GPbIaSBEsF BB STEY ALUPCERT Fep RIS C o s R R Eso i
RECURSI Vléll\%%ﬁgr)g\l% usMrﬁiﬁﬂr@%co@Mﬁﬁ@ie Gl yirid g€ whadh cdridspshdiul y 15,
1998 (USSN 09/166, 188), and 10 July 15, 1999 (USSN 091354, 922);

" OLI GONUGEISTH Dokt MEDDIATED (NUGIERINON-han)dip sReespBengss)- e isyultpgneri et al .,

filed.Feb 5, 1999 (USSN_ 60/.118,813 i : USSN
66/ (1339 Siééjoar Heq;ﬁefqgfamcg%B{w{a&ropﬁ@p%lggﬁvel?%égﬁ %ngje A%gaaﬁéé%’gtﬁ%’%nﬁy Docket
Nunber  027,2RR2R48) whigh BorrédpEndio tGORGYMbRATBEEYUGh SONYCHECHH B VBINTHESI S FOR

SYNTHETI C SHUFFLI NG' 'E% 15 Welch et al., filed Septenber 28, 1999 (USSN
09/ 408, 398igomdlentiepyBBeKE 2eNG FBEeMbDY teghmigues USYY of Hof PIRESAIRDEENEBR MAKI NG

CHARACTER STRLNGS. . POLYN & P RED. o;
CHARACTEFEF@H‘R&gﬁlSdﬁV ol Fg‘%é\f%%‘?%t‘gﬁﬁ%}@ﬁ@?ﬁ@e r%gy%%'%?ggg T Ussn
60/ 118854} gindcdiNShu(bdlkd; 378, tvhichduwoptidnally &2eenkdGing2Be purifiatipeendf t he

f or egoi n ubl i cations, patents, published applications
ng gMg methods provided Eerein. P PP

The above references provide these and other basic recombination formats
as well as many modifications of these formats. Regardless of the format which is used,
the nucleic acids of the invention can be recombined (with each other or with related (or
even unrelated) to produce a diverse set of recombinant nucleic acids, including, €.g., sets

20  of homologous nucleic actds.

DNA shuffling provides a robust, widely applicable, means of gencrating
diversity useful for the engineering of proteins, pathways, cells and organisms with
improved characteristics. In addition to the basic formats described above, it is
sometimes desirable 1o combine shuffling methodologies with other techniques for

25  generating diversity. In conjunction with (or separately from) shuffling methods, a
variety of diversily generation methods can be practiced and the results (1.e., diverse
populations of nucleic acids) screened for in the systems of the invention. Additional
diversity can be introduced by methods which result in the alteration of individual
nucleotides or groups of contiguous or non-contiguous nucleotides, i.e., mutagenesis

30 methods. Mutagenesis methods include, for example, recombination (PCT/US98/05223,
Publ. No. W(098/42727): oligonucleotide-directed mutagenesis (for review see, Smith,

Ann. Rev. Genet. 19: 423-462 (1985); Botstein and Shortle, Science 229: 1193-1201

(1985); Carter, Biochem. J. 237: 1-7 (1986); Kunkel, "The efficiency of oligonucleotide




and U. S. patent applications reveals, recursive reconbination of nucleic
acids to provide new nucleic acids with desired properties car beAldGrai03d
out by a nunmber of established nethods and these procedures can be

conbi ned WPHO4BMW40f a variety of other diversity generatiﬁgwﬁghggﬁi
e.g., to produce libraries that are optionally screened as descri be 25
herein. In brief, at least 5 different general classes of reconbination

nmet hods are %%\@gl i cabl g to the present invention and set forth in the
r ef er encBECLHOPLI2EAGS Sy 1n &&éﬁ@i’&—‘m—%&iﬁi@%é‘ jacids & Mple log clerksicirednd hiligytads..by any

of a var kghyoddtveiag iy e o :))S GHS%8% AdloddVfiese HLBLENGE %lig%? %qutngg\glj u gly ng

e.g., DNAse digestion of nucleic acids t¢ be reconbine
| i gat i ondisemi¢cbmuRERasesa@oterting Sfith, Nuch Ualidsi Resa ¢):-0518 7 35001098 ) Usle@iods aci ds

can be recursively r i n in vivo, e.g., by allow . ng reconbination to
occur  beltviime 20 FEE 300 HE%s , hod Methodsiud Eneviielo) a4° @i (188BND] nat | on

met hogls gt ph&thHRaRImbaifM| | @! ls: ggl % Q . ani sns are
reconbi ngd, popt i oﬂﬁgﬁnf)glfﬁcﬁmﬁi%%@?%?@% e%., ! sfe 'el,&U%?%OS
PCT/ US008 636888 0), Tehler geaio hucl. reddsitisn B i8365-87 &1 (198 ); W illanthgs fied | i brary

conponents, Fourth,, syatheti e i i on met hods can be used, in which
ol i gonuc%ﬁ?’&@#@é&@ﬁ f‘né‘i—‘{%&g@ﬂgg)égwr% gitabr Duel. AcidsRest K9 ked and
r eassenbi@u( 1988 PERYQE el AIIMNIPh i @agdd P pati b0 | L gl eotides
whi ch corre_sponjc:.i) t% ngr egt‘rmc—n‘é‘rll_e—ﬁ% gcﬂfsg r%ﬁgll%gc’ﬁgélﬂg%%b?ﬁ%yéby

gener at i wgchesantaergismpaleilaingelc Proci Nat'l. AtidySoiudiSeos? dR8-49o(1885)rmde by
st angar d leot,i ddi ti.on nme : an be made py tri-nucleotide
synt etilé_an%ﬁfga 140 ARRRUE Hgfgﬁw:'gg%)gt'ﬁB@g‘?Q?P‘Sr“éH‘@rﬂﬁpﬁ%‘iﬂlﬂﬂe"can be
ef f ect edDINA iufier NS NIL]. RGOS MYB4AT 8456 BN 18rakRFRM Ffirt RlRIQTDI ne
sequence strings which correspond to nucleic acid honol ogues {Or even

non- horolidguyaodelqdeid®edy’. (1 9h0: Keadrtel Alg Nuel.rAdidsRennd6: 2207udB8®);sindi ngs ar e

opt i onal dy L | eb & Asd synt.hesi.s of . nucleic acjds

whi ch cortiza 2k ALal ReL A6 B0, B0 T oy X ABGR Spfanie edhads e

ol i gonucpent miktnasah Ve s (Sfan@e BEall, ERE BN /B ECIORY ) URGtagAbkisfsidd1epalF-ecedi ng
genera! reconbination formats can be practiced in a reiterative ?ashi onto

genetht edelicit Boyisiraing 4Cang et ak. Nucl hgidyRes: 131443di444319RS); Gaiterh ar e
ti | [ .t i dd ol 15 d i ded
ool gt cenpisi 16, o 1 SERL O g R SRRSO

f or mat s Hesikoff) NucsAo®kResoidi: Bi chtio86)s, firitheseiédionang rediegamdl ess of the
format whi th i.S %@eﬂ, .
purification (Wells et al., Phil. Trans. R. Soc. Lond. A 317: 415-423 (1986)), mutagenesis
by total gene synthesis (Nambiar et al., Science 223: 1299-1301 (1984); Sakamar and
20 Khorana, Nucl. Acids Res. 14: 6361-6372 (1988); Wells et al., Gene 34:315-323 (1985);

and Grundstrom et al., Nucl. Acids Res. 13: 3305-3316 (1985). Kits for mutagenesis are

commercially available (e.g., Bio-Rad, Amersham International, Anglian Biotechnology).
Following recombination, any nucleic acids which are produced are

optionally selected for a desired activity. In the context of the present invention, this can

1=
Lh

include testing for and identifying any activit)} that can be detected in an automatable
format, by any of the assays in the art. A variety of related (or even unrelated) properties
can be assayed using any available assay and then screened, e.g., using high throughput
MS.

In addition, any of the described shuffling techniques can be used in
30 conjunction with procedures which introduce additional diversity into a genome or
library. Example methods are described in Schellenberger U.S. Patent No. 5,756,316,
describing chimeric nucleic acid multimers: and in U.S. Patent No. 5,965,408 describing

chain termination methods of diversity generation. In addition. diversity can be further
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Ann. Reve.gGemékS. Phgent 228-%838,43108%04.4Bbt st ei n and Shortle, Science 229:
1193-1201 (1985); ,Carter, Biochem J, . 237. 1-7 8 %5@5 a~hihe

ef ficiency of oli gbqrwcqu}b?i: WEBHY EeRTARE ’56‘83‘15\/%(‘(1?%/%8’6 Ef§80/ 03686
di r ect ed ofHét 8RB ST NiddYeMRhEIi aRE LHAbiSad RidledbyRhoLer, Wprodekst and
Lilley, eds., Springer Verlag, Berlin (1987)). Included anpng theare

met hdds ardeisidcigohverbisn twhieh may besareaneipragizasy avalahle sreeies SRhed  Nucl .

and het nage R MR A dponbraE K st AN U0 26 e DA
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Nucl . Acids Res. 14: 9679-9698 (1986); Sayers et al., Nucl. Acids Res.

16: 791- 802 (1988) CeEL fre@l -, Nucl. Acids Res. 16: 803-814 (1988)),
'UT‘H‘C'I':'LC%'HT‘E- in

mut agenesi s usi ng ing tenplates (Kunkel, Proc. Nat'l. Acad.
Sci . 18SA 82: 488- 4The(ctD@H)wihpihtcsOrf Knminetnten aad optidviati dd36.i 384Em 2G-weill.

154: 367-382)); mutagenesi s using gapped dupl.ex DNA (Kranmer et al., Nucf.
Aci ds Redn NG GRS ke o k) KR! ST P AR ERBURTRTS By ol
54: 350- 36(-eh WG]y HoARMs@imBion pillE€into £EICI38RE596-Mell niifolidr ¥y ) ; and
Fritz et a‘i ., Nucf’. "Acids Res. 16: 6987-6999 (1988)). Additional suitable
net hods icootairdes agpoopriaterzomal olediaaisimigs for krample. £Q-tat froncgiepetsg: Thg79- 887
(1984)), BRI renns%sctiac? of* e Podi§ A 4000 colonies per hour.
20 The microtiter plates are typically incubated in a plate shaker for cell
growth, e.g., typically for 1 day to about 2 weeks depending on the organism. Media and
cell growth conditions are appropriate to the particular cells which are incubated.
The cell growth plate is also used for product generation when, for
example, enzyme reactions are being studied. Products of reactions between enzymes
25 and substrates are of interest when evolving new functional enzymes. These products and
or the reactants should be analyzed in a high-throughput method so that many members of
the enzyme gene library can be analyzed in g short period of time. To allow high-
throughput measurement of the products and reactants, the products are optionally
generated as part of the automated system of the invention. Therefore, any product
30  generation steps that must be undertaken in the assay are optionally performed on the cell

growth plate. After generation of products, the samples, e.g., the products and/or

reactants, are optionally purified for injection into a mass spectrometer for analysis.




15 deficient host strains (Carter et al., Nucl. Acids Res. 13: 4431-4443
(1985); Carter, Methods in Enzynol. 154: 382-403 (1987)), del gt{ogyg 2003
nmut agenesi s ( Eght edar zadeh and Heni koff, Nucl. Acids Res. 14: 5i i5
(1986) ), wedbmsmii on-sel ection and restriction- purificati@mpidklesgset al .,
Phil. Trans. R Soc. Lend. A 317: 415-423 (1986)), nutagenesis by total
gene synthesis (Nanbiar et al., Science 223: 1299-1301 (1984); Sakamar and
20 Khorana, Nucl. Acids Res, 14: 6361-6372 (1988); Wlls et al., Cene

34: 315- 323 (1985) ; Ofighee pyrification sysiem 5 , Nucl. Acids Res. 13: 3305-3316
(1985). Kits for hiohBl 0- Rad,
Anershan1Internatrgﬁg?ﬁqﬁﬁgﬁuﬁkﬁ ?@@%@ﬁhg %éb%fﬁ%éhbggkﬁﬁggﬁgg‘ i nation,
any nucl éircughpudsiassepettiranarpimiiysesastcarse inplomaniad amnsies ediegelirified imadesi red
activity. In the context of the present invention, this can 25 |ncI ude
testing FWE’%HH“ IS SEUEN Y DaliRA Ig@piiéhowng o e spettERedy analya

aut ongt al?"h@s Hﬂ%ws ﬁ% o?lnMné) rglm ﬁ@z}fﬁ)n'oﬁ' e Oﬁﬂéts aﬁd/&arreb@lltﬂytg%thr el ated

(or even unre propertle e assaye u5|ng any aval | e assay
and thennsmmeeamslummog:olumlssemgxdungh t hroughput MsS. In addition, any of the

b ocedur es.whi ch | NF et BRI PERGIAN b PYENIR0GS RTLRHISASS 88 P br ary.
Exanpl e agt fodls: @ér?erﬂﬁﬁlcrfd dedel groaqnﬁlalteerltﬁQﬁ@Way%c-c‘Jfﬁﬁ aMdwiN sumpied. 316,

descri bi ng chineric nucleic aci I mers in Pat ent No.
5, 965, 40& besdficibhthgpurtal fier rasnipeatréroctrywtahsdswolfiowiacetst sepgetienat i on. I n

ddi d t be . f t.h AUG 2003 WO 00
AT IO inonle SAlam By et R inE P ate MRRoar st hofonsyiebased. For

exanpl e, s dﬂ@rﬁ&%’iﬁe@'a chkh%q?aﬁﬂnﬁéhn%ﬁrstc;;h%t% RActAHAE] B Bleligpetizufipte, (| TCHY)
described in GCsterneier et al A conbi natorial approach to hybrid

enzymes |er£dép@rﬁﬂlé aed/of PIIDNMCtthb\I@@y Furtlmmqree thss ehesinalipurifRaion semcdse used

to gener & i.tial 0 5 serves rate
o Soner 8 Bedihelih ML EFSRTRE BAM bl Pp Rl W GiiRe RIS AR B BB o
for generating andRasexignglelthé 5ﬂameezaerawrmﬁlc@norh mlag@pn@rsamya:mphe@n

descri bed in U S. Patent Nos. b5, 783, 431; 4 485. Any of these

di ved3it ngéﬁ@?atdrfﬁ‘aemrﬁé@sloa@lrbugér wbﬁbg%@twgﬂlnﬁ praHCts gndfer rcaﬁétaws fh
shuffling, Erg Alﬂ:’?&at{\)e@ \%Alﬁyofﬁﬂﬂt’bﬁ}gﬁél 'ﬁnﬁ‘éétf‘o t?gtrcpﬁcs(%rﬂﬁ‘uslgﬁ erust Bf oduce 10

nucl ei ¢ acrd diversi creene g any aval l abl e

scr eeni ngom&ichareke resin nvhex aemdretingtht rdaceainys atl/odpueiuss ofucteeksic Bxcihds i s

optionally expressed and the _ : .
preparing the sample as it 1s produced, the system of the invention takes no additional
time for purifying and/or separating the components to be analyzed.

20 Altematively, the purification system comprises a component reactor, €.g.,
an enzyme reactor, that produces purified products for direct injection into a mass
spectrometer. A component reactor, as used herein, refers to a solid support which is
used to remove components of interest from a cell lysate or to remove a cell lysate from

the components of interest, e.g., by attaching the components to the solid support.

[~
N

Components of interest, include, but are not limited to. nucleic acids, polynucleotides,
proteins, polypeptides, enzymes, carbohydrates, lipids, and the like. For example,
proteins, enzymes, peptides, or the like that have been tagged, e.g., by fusing a sequence
for a specific tag to the gene that encodes, e.g., the enzyme, peptide, or protein, are
optionally purified and immobilized on the solid support, e.g., in a specific and stable
30 manner, thus forming, e.g., an enzyme reactor. Typically, the enzymes, proteins, or
peptides are removed from a cell lysate by binding the tagged enzymes to a tag binding
moiety immobilized on the solid support. For example. enzymes or other proteins are

expressed in cells and the cells are lysed , e.g.. using EDTA, lysozyme, DTT, PMBS,
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conponents of interest purified and screened by high throughput M5 as
described herein. Cell growth plates 15 The cell growh plates of 1t AHG 2003
i nvention are optionally 1536, 384 or 96-well mcrotiter plates, or the
like. For &¥AMB1%:ei| col onies containing gene libraries aPET/USPRO3Ess
directly fromtransformation plates into 1536, 384 or 96-well mcrotiter

pl ates containing appropriate growh nedia using, for exanple, a Q bot

from GenetlL . sohit&uiof B kB S PR eLkrQly élt&?chg £01hd SRRk FQRLre:LIngMyshSis Per

hour. 20 The mcrotiter plates are typically incubated in a plate shaker
for cell negeesviri, Oeheglibrary pomableptsae alto dpyortatly adgget! vithwemkiecdiependiitig on

t he organism Media and ell gr h conditions are ropriate to the
parti cul aPddhf §g\‘/5ﬁ?_”@ﬂ°%’r of W@%ﬁ%&"“ﬁﬁ@%@ﬂ Y@ﬁ%?&%’%ﬁv%ﬁ@ Ys al so used
for produch, GeRRLAY (PR Rry doMponEnt M 1Eres SR Y HRUERRCLI D RErbBR fdrBRIORY
studi ed. Products of réactions between enzynes 25 and substrates are of

i ntere§t whel oegapiosinplgcwlew f uncti onal enzynes. These products and or the

reactants shoul d be _anal yzed in a high-throughput nethod so that ny
members of the enz;?ra?ﬁ“bégﬁ CPMBPRFVS %8@%@*8&55%‘28&331?‘]"%“5 IPXBEQOT?@d of
time. To a|hm finkdtisiddy QUdimiibe ARRASH BXRRYle0df theBinRI@dH6lksuléNshd eact ant s,
the productﬂélgﬁc'{a\ltrer]ig’ﬁp)}-"t‘si1 onal ?’yl_gegnergttﬁ%d as Barjt 0 t‘hecaut'omat ed syst em of
t he i nventbuespoftliepedgsraes prawidegbobbuc t Tre0ag emeingtmanx or splid suppertiypgallye

undertaken in _the assay.are optionall [ .0 n.the cel r h plate.
After genéPEPIST e §V’§H&T8f _)f’ﬁé"saafﬂ%lf:_g@? [hg.E g'%gs F%QE 55%:('1@:0{3%%5% or

react 30t s .engfific, QRH hQBRE hiatidt rateriad Omionanicdiatsuportsithelude, BRS srehpeHinitedret er
for analysis. 23 1 1 AUG 2003 WD 00/ 48004 PCTI US00/ 03686 O f-1i ne

puri fi cat iterdispgasabin boads of particlas eEaragpiose. PELSII¢NCaPT BALISEAdSf t he
invention allows high- thr hput R r ' se it

i ows ¢ ndritiesemiaont B lpsTA0E AREELARRL of pRABRYBIn BREAUED, ||
tied to anshdh@wongy Bowe soltd supsst. Sfireainbourel myteanlak yhe dispeided wyst em
allows for off-line parallel purification of the products_and/or reactants
with no temsfegsdansighgd amaynhgs Bphe s2eoh beadsor grembrancs. Mageaetiepeads are
purifigati ' ' ' Rafst e 8f th FVeQfti6dad

genere{ i ono%gﬁg{lh;eﬁg%ﬁwg%ﬁvwﬂ% %@8‘?@9} ﬁ@%iy?%gs{sfﬁé’éfgﬁnm allows al |

sanpl es tandbie: @pfdd aizemed fropuhe £¢lelysitor Pmasie wypeatly bfred myararait pfihs wi t hout

ﬁnggl gggcflg ar*?%l:ls?g:gé?rabréta%illﬁ? @rglﬁ’é.m?ﬂe ageqo%epri]rtlsl (?})ltgo}qal?yngrolv:n&els Ieglp%ci\%)tf h the
high throughput because the purification takes so little time. Washing is optionally
performed after removal of the unbound material, in an analogous fashion. The solid
20  supportis washed with, e.g., a buffer, before performing reactions.

The tagged component immobilized on the solid support, e.g., in a purified
and stable format, thereby provides a reactor, e.g., an enzyme reactor. Reactions are
optionally carried out on the solid support and the tagged components, €.g., tagged
enzymes, are easily removed after the reaction, e.g., by lifting the set of pins, to which the

25  tagged components are bound, out of i reaction well. The removal of the tagged
components leaves behind a purified product, e.g., that is optionally injected directly into
a mass spectrometer, IR or NMR spectrometer, or the like without further purification or
decontamination. Altemative methods of detection of the results include measurement of
chromogenic or fluorogenic substrates and/or products.

30 One extremely stable interaction that is optionally used to provide a
reactor as described above utilizes the binding of biotin to avidin or biotin to streptavidin,
Avidin and streptavidin are optionally immobilized on a variety of solid supports

available from a variety of suppliers, €.g., magnetic beads, agarose beads, or membranes.
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system provi des a chem cal purification step that is selected based on the
type of sanple, e.g., reactant and/or product, analyzed- Furt h?”mAUﬁ’ Zﬂ[ﬂi S
chem cal purification step can be perforned in the wells of the ce

growt h pl ave oo@asdee of f-1ine systemof the invention. For exanple, the

of f-1ine chenical purification step optionally conprises T&HUN03686 of 2
different or additional buffer when generating the products and/or
reactants of interest. Alternatively, the off-line parallel purification
syst em cORFIFEBE It Ricaide betinyped ipwve ki renegeali e Bismpwhepacigeptide iazgot he
react ant d/ qr f interest. By thus re Ing the sanple as it
is pr oduﬁlg , d(é!ﬁg tg{r;gﬁ gﬁ)ggfhgf ?12 mlen\\l'@iet?x(?ﬁégflaﬁﬁée ?fgtcﬁ'g%"te'r g‘ﬁal hitf e for

pur i fyi nglo83gBonecheplagstlii npi 38514 48.0MRO BRI holde nPPmaN 24k #6chen s those N-

Al ternativel %%@t he purification systemconprises a conponent reactor, e.g.,
an enzyn® FelfEyr! pavides py wdsiedes 3ndrhigtinyintgsradasioe sesfdwe inlthag peptidej ddti on
into @ NRss; - nt reactor, as used herein, .refers to a
solid suppor?ﬁo\%ﬁﬁgﬁ&?@% ﬁ%?e@“f%@@%gs\/@rghgﬁ% RIS MEN 8L B SO 8 a cel |

| ysat e orypiaallyemovier @l meldculey s@tbiotfnyiRd. OBV ShOfirA RERE &7t €. 0.,

by attac &$ﬁe$8€g?a?%€nents to the solid support. 25 Conponents of

i nterest? ouptpofRiet torhe expressionirdivmeirgemyents fus prebisieot i des,

pr ot &1 NSged @l AR A, (199N RRic AR D6 £ 14IPIxlR,, QNG the |ike. For

exanple, proteins, enzynes, peptides, t ve been tagged,
e.g., byoYarsipressanségheerecembinant ez wpe thefampuhagf BOCP heug®Raht kakioencodes,

e.g.,.the enz , I de, or protein, are optionally purified and

i ol | %%@e%%r%éégﬁﬁ"agwﬁﬁ& pptiqualy consiueied frrxpressiam af HEABEYNS0 manner,

thus forgiblde f@idhs, MidhySREYGhs0RA éﬂlﬂéme-[)gghﬁﬂézlé%n ah?ﬁnﬁ%%“%@m poteins, or
| I'ng e tagge

peptides are renoved froma cel ysat e bin enzynes to a
t ag bi ndéamponepisef yntenern bigl, ermehas nproteinss obdiclc acidparthe 10@L welk daplidentenzynes

or other proteins are , express in cells and the cells are |lysed, e.g.,
usi ng Ed’rf_%," |”§‘§%rzr§‘/‘ﬁ‘8}” ‘ﬁ‘rqg'g“#?vé%ql Shhlant AuG 2003 WD 00/ 48004 PCT/ USOQ 03686
heat, sonication, nadhmallﬂakr@of&Jmﬁcﬁfm@&@ﬁﬁ%%g%m el B& fopponent of

0

interest, no lysis is neces_sarg_. Qher library onents are al so
opt i bhal hpited iy biptiniand sirepigyidioubistinland avidin, mabpsecbindieg sodtéid asdpport .  For

exanpl e, biati.n:l s opyional Ly ded -chenical Ly or en tically to any
library %rg%}_%%éﬁgﬂ% %S‘F Q?liﬁ%gﬁ Segtt”,]gg‘]. §rC STHOYS 'éﬁ"}tlg 1&'&7’@?‘%&?’86‘!‘1‘@%‘% or 5
smal | orgavtinaogaiprg with NTAeIDAIHED, SATROIRNsSchltors aafidiRessd to a tag

bi nding matrix or solid supﬁ),ort conprising a tag binding noiety. Exanples
of tag bqr%fq{@s%fié%q”cgg glysyhione; strep-tag short artificial streptavidin binding tag and

streptavidin, epitope tags, such as E-tag, myc-tag, HAG-tag, His-tag, and the like with

20 monoclonal antibodies; chitin binding domain and chitin; S-tag and RNAse minus S-
peptide mutant; cellulose binding proteins with cellulose domains; thioredoxin and DsbA
with Thiobond; hexa-arginine poly-cation-tag with a polyanion column material; IGg and
other I1Gg derived peptides with ProteinA or ProteinG minimized peptides; calmodulin
binding peptide with calmodulin; and histactophilin with IMAC (immobilized metal

25 chelate chromatography).

In one embodiment, a library of genes is provided, which genes encode
one or more tagged enzymes. For example. a sequence for biotin is fused to an enzyme
sequence to express a tagged enzyme, e.g., in cells. The cells are optionally lysed and the
enzymes are typically bound to a tag-binding moiety on a solid support, e.g., a reactor.

30 The enzymes are then optionally removed and reacted with substrates, e.g., purified
substrates. The products produced in this manner are then pure enough for analysis, e.g.,
by mass spectroscopy or another high throughput system. Alteratively, the enzymes are

reacted with substrates in the cell lysate and then removed. In another embodiment, the
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correspondi ng tags are provided below. The tag binding matrix or solid
support typically conprises a tag binding moiety, e.g., a nol etdl AUGhZ2003
bi nds to twheossagesfic tag on the 10 enzyne, and a solid matpdpusimbges al -
Optional solid supports include, but are not limted to, dispensable beads
‘or particles, e.g., agarose, polystyrene, or magnetic beads, nenbranes.
mcrowel |l plates or pins. The tagged iné%me.s oh Brot.ei. ns_bi nﬂ to gvrég tag
bi ndi ng FRSPRANGNGR NIKESE 1| 4 HCEIEFFEPIEN HhETLAEEURYPIRETB AT QRUNE L ITREY

di spense r i of 3 . i bencianecinf fobeads or
menbr aneg(.)ﬂl\%%?\gﬁ@e ea g eét‘r"e‘ﬁl o%@t“i%\gﬁg‘?(irg‘egcé?ﬁﬁ%d fromthe unbound
fracti onfunhensgoedrsor @atysis. tnaddinennhecetsapdraaan is apidonahe remgwsfoBH®y nes
fromthe cell lysate. Pins are typically lifted in and out of the |ysate
vel I's, elgfurthfrieagonsel | growth plate. The use of pins optionally provides
especé al |y high t hieughpihs BREANSEadNEIsRIptibhdIBalst@mdiajesinsd, ¢.pttl e time.
Washing is optionally performed after renoval "of the unbound material, in
an anal ogsiog tHeashiean différentsobstdtez @r seappor ¢ondiionadissensgiit is opuoRally a buffer,

before performng reactions. The t ed conmppnent .| [EF - solid
support, reé‘."ﬁ".egff‘ﬁ“ thejgaqUondgon ﬁmpgﬁgble@‘f"g&ﬁ%@a}‘? ﬁe(raﬂrgg[gyﬂﬂ)lr%gg?s g%hgf

react or, &f@ whélerBNA%THrirRa afcdrecRed ol hOVS a@GtiesQidi mRahiny soistmiesdreour on
the solid support and the tagged conponents, e.g., tagged enzynes, are
easily redmmtibddafter the reaction, e.g., by lifting the set of pins, to
whi ch the 25 tagged.conponents .are b Q - Cl. 0 thelde-of The
remov@l of the taggré’& rg%g%?%seorq s‘c’uP%ogt/ée%gtrﬁéﬁ%sr?g{lg@%r&ﬁ?‘f%dgg Sr oduccot, e.g.,
that is opfifieahdyndsnd. 8¢ readridity 8Bhyy ahdiesultsin raasablpagsieombates, | R or NMWR
spectronmeter, or ‘the Iike w thout further @Eu,ri fication or decoptan nation.
Al t er nat iopeormiyhisas with raetipledi frewsupfiaics g difiezent HEESJECTHRASIVENBREN of
chronogeni ¢ or fluorogepi a oifRESSBICA BernaQvdPpanerdat @pel y
stabl e i nterae ela(%tr?g’teh%it @rghﬁpﬁgjﬁl‘%ﬁgénﬁgﬁj&b pl(rhg%i decrerl1 \rleggctor as

descri beds afeavartiinuliipegifferat hibsahmgatahe Hinettime beraasa b meastedsiampien t o

Var | 86y SPeSOING ppropiieC T QHPEIh A n P oRry s ARl onf ESet *

magneti ¢ . isSTouRB RSN 80/135,348 T EALNGAGAd e 0/ 48004
ey Cson e 88 né‘q?%@?%% cally biotinylated in vivo by genetically

fusi ng a Byemesforf@ptbidaotidggnt Meditinal\Fhemist.” bykiviafak. BedtMiBuEnAyme whil e
- expressi g]% E}he protein. See, e.g., Schatz (1993) Biotechnol ogy 11.
1138- 1143%%%he bi oti n- hol oenzyne |igase recogni zes those N or C termnal
pepti des as substrates and biotinylates a |ysine residue in that peptide.
The
20 Autosampler

An autosampler is coupled with the apparatus of the invention to transport
samples between the cell growth plate, where cells are grown and reactants andfor
products of interest are generated and purified, to the mass spectrometer for injection and
analysis. Autosamplers can be purchased from standard laboratory equipment suppliers

such as Gilson and CTC Analytics. Such samplers function at rates of about 10

12
N

seconds/sample to about 1 min/sumple.

In addition, robotic sampler handlers are optionally used to pick cell
colonies into the cell growth plate and add reagents in the off-line parallel purification
system. For the generation of common arrangements involving fluid transfer 10 or from

30 microtiter plates, a fluid handling station is used. Such robotic handlers include but are
not limited to those produced by Beckman instruments and Genetix (e.g., the Q-bot). In
addition, several “off the shelf” fluid handling stations for performing such transfers are

commercially available, including e.g., the Zymate systems from Zymark Corporation
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5 I evel of expression of these new substrates for the biotin-hol oenzyne
ligase is so high typically that not all nolecules are biotiny] 4tAdG 2003
Overexpression of the birA gene and addition of snmall amounts of biotin to
the expres®Ddn/48084li um circunmvents this problem See, e.g.,pSHdddoSised! -
(1998) Nucleic Acids Res. 26, 1414-1420. Because of overexpression of th
reconbi nant enzynme the anount of BCCP bound in the reactor is 10 negl ected
or BCCP r i lJ.y. . copstructed for,.expression of the enzyne
b oot g {ogER L BofBhb A bug IR S HER SR iR PR s RoR wiih

| nmobi | i patizomutehaticHPERSRIS, @fcoh Hiheli@SHith éhlrobo@RZBABRate MbARiNge.gNUC! €i C
aci ds, or et(ge like, will be evident upon further review by those of skill

of the afte ORGA® rabraIvhie is sisest ingovasisunelslaberetony s¥stams anpgliablg. ¢.pcfrote, but
are not B%%gmtgggﬁ.’tﬁc_ (?Lf?éxjté}}_'%rh%ft reptavidin, biotin and avidin, maltose
any A4S~

bi ndi ng protein an ose; ag Adigo-his at the N or Ctermnus

usi ngdi nmobi |l i zed F@balic sahqjlaﬁﬁandl%mﬂams@@ipa&mnyvus&@td\%ovle@ﬁzyrﬂ'&ﬂ and the
| i ke as c¢hel at (?]rs; %ut at hi one-S- transferase and reduced gl utathi one;
g" & HPM

strep- t affo=Bhdf Plalegr eagyrapteagionphdescAbedporag Fanexample.agebaticdi n,

epi tope h§@8er iSHGLATY Gsdddd 1 5 - the |j W th
20 nonocl ona?“aﬁ'tﬁitbbog?'eg%d grﬂﬁfﬁ/%‘tﬁ’?ﬁﬁﬁs%%%ﬁ%ﬂ“ﬂmaﬁ“&h?ﬁﬁ? ?ﬁs?mg{]frggaérgeﬁd RNAse
m nus S- ipkfuiselef migantc baads frohos eclbinoditin gegais 0d. €1 Beadeicbimpeieing uliggeddomai ns:
t hi oredoxi n and DsbA wi th Thi obond; hexa-arginine poly-cation-tag with a
pol yani ofi"281%um material: 1Gy and other |Gy derived peptides with
Prot gy nA or ProteinG m nimzed peptides; calnodulin binding peptide with
cal nodulin; and histactophilin with I MAC (i nmobilized netal 25 chelate

chr omat ogr aphy) . | Massspeetmbmetenent, a |ibrary of genes is provided, which
genes encode one qQr nore tagged enzynes. For exanple, a sequence for
biotin is fused tog‘a‘f?ngﬁ'z%fr?é%gé@?fﬁré’ écrt'BSL%Wﬁ”éss‘geﬁoT‘H!f&éaﬁéﬁ‘?aﬁ@e e.g., in

cel I's. Ther &@hipke, Mierodfist AN} ProliV &R vaRiehy dFRuitE WESnRhR suPhaft | Y bound
to a tag-bi ndld-g-g noiety on a solid support, e.g., a reactor. 30 The enzynes

are t henQuptiodda(d sprimssoivipls ¥irge quadnipett system epiivsizedie.gs forABL LCMS4 f i ed
Snar 2L R whiteh RYIOANG Wb RS UEETa I 5 SprB BRSHIR EctdiGh: Me: SRRRE T O

anal ysi s, SpECt T 0sEopy ©r tem

Al t er nat trigge stagel uadapolmass 3pectron®Rérs ¢€lg MHeN'TS E@t@ficter) akd)srof@deld | ysate
and then remmved. | n anot her enbodi nent, the 26 00/ 48004 1 1 AUG 2003
PCT/ USO0PH¥ESBN &M e A@RTalgR- i nterest is a secreted protein. In this case,
the protein is optionally renoved

II. Transforming cells

20 In one embodiment of the present invention a cell is provided that has been
transformed with a plasmid containing one or more members of a library of related gene
sequences. The library of related gene sequences is optionally created by a general
method for recursive sequence recombination. For example, the method can begin with a
gene encoding an enzyme or enzyme subunit and evolved for the ability to act on a new

25 substrate, or for enhanced catalytic properties with an old substrate, either alone or in
combination with other genes in a muitistep pathway.

The term "gene" is used herein broadly to refer to any segment or sequence

of DNA associated with a biological function. Genes are optionally obtained from a
variety of sources, including cloning from a source of interest or synthesizing from

30 known or predicted sequence information, and may include sequences designed to have
desired parameters. The ability to use a new substrate can be assayed in some instances
by the ability to grow on a substrate as a nutrient source. In other circumstances such

ability can be assayed by decreased toxicity of a substrate for a host cell, hence allowing
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5 fromthe cell supernatant, e.g., using a solid support reactoi] ai
.descri bed herein, for further reaction or analysis. In additio .1 '11@ %UQB|

super nat arfq hirsgpg | Onal Iy removed for use in further reacti-QRsspodidss
reactor as described above is optionally used multiple tinmes, €.g., using

the sane or different substrates or reaction conditions, because it is
optionally renoved fromthe reaction upon conpletion, e.g., washed, and

reused. Tl sl & SRRt Pritsenbs8f b UBERIENBIRIPnthed _afﬁ@sc&ﬁgoﬁﬁi@,eﬁe@d for
novel activities and matching substrates are identified. 10 The reactors

or sol i dasoppoetics. o tetpssqycd semtariyriegrovenclemabigatoh ergwisnoin thpuri f i ed
enzynes, e.q., | ctivity assays .and results in reusabl.e,. emthat is
oot ) onal IFfis " ns sk s Y ProPRRenEE badreaptho o MR AR eRsflidt P
thereby prewish AN an BVEYVELIRARADEx pressthg th 8Volohe BRiEd), Pha@ersBENg and
engi neering. Alternatively, the reactor is used with nmultiple different

subst Pat esdigaton ¢rganisimes sansii v e erRsEletie be sxpsttivg e Hiepfesiradaiduaticy gfo¥hve to
o X od bet. SHITES THIRE B L e HOt dotail
egar i ng' 05 T aGp e SbL ARk o R 5 BRE BTG norfEell Y Bk Fon®

and Use QkprebiidyimeSvbived gowdpé)nat ori al and Medicinal Chemistry,"” by Liu et
al ., filed August 12, 1999. 20 Autosanpl er An autosanpler Js goupled wth
the apparatus of t Hewiliprancas sary e idekyie pige frons K wereeemén 10hdVcel |
growt h pl cql.l r - R anbse he rRbARUELS of

i nt erest @%@b%%ﬁgﬁlg{téghgﬁﬁgﬁﬁ]rblg@%,t@?% St e é’ras% sngg;%{ rg?ngt er #gdr i njection
and j1@nalljpsaries ghtdroed vill éncudeainl] bengoh codins seduéncesasd amylessentiah bepuddtanyy

equi prent suppliers 25 such as G lson apnd CTC Anal ytics. Sych sanplers
FUnct | on $A8UeAE5e SSQH ATERMOER anc BRISHRRS) BHAR PRIV RC e BRARPPANCE GRREAPI. | n

addi tion,y, fo%%ﬁ%o&ﬁﬁ{qats?Eheh@&ryﬁtﬁﬁﬁuﬁm QREhAAl the BBRHy b B ﬁxlé?l‘fe@l! ihto

colonies I1nto the ce grom h plate and add reagents inh the off-1line

par al | el peomithore atdtarprovysigenyuefoes ndeessgorior expressiasf befonerporfoamingngenent s
involving fluid trg%nsfer tf or from 30 rrlicrotiteth tpI atg:s a fISuid handl i ng
station i$T5884 0" SHEHPoBbIPELEIEIENE TIRER FFAH AL Y™ R ted to-
those; spr Qﬂ}ﬁ%ﬁﬂl)bﬁym%@kﬁnan., b $dcoRBRM:Bn @Nd pleemal iof rélated gendsheh@1idedry is | n
addi tion, several "off the shelf" fluid handl i ng stations for performng
such t r anepienallyaanein iseraetiof imeigoplesagicpeipingd in mphaggi erjl & the like-nke otlsfat e

systems férr?brgd‘?'lxgr?[g,lihecﬁﬁﬂw @érh&E:ZZ liﬁ)ra:l'y %zl‘%%%enes that have been fused to
provide tagged enzymes. The library is then screened, for example by the high
throughput mass spectrometry of the present invention, e.g.. to detect an improved
20  enzyme or a desired product.
Cells are then transfected or transformed with one or more of the above
library members using standard technology well known to those of skill in the art. Basic

texts disclosing the general methods of use in this invention include Sambrook, Ausubel

and Bereer, ail supra.

III.  Growing cells
In general, any type of cell is optionally used as a recipient of evolved
genes. Cells of particular interest include many bacterial cell types, both gram-negative
and gram-positive. such us Rhodococcus, Streptomyces, Actinomyceles,
30  Corynebacterium, Penicillium, Bacitlus. Escherichia coli, Pseudomonas, Salmonella, and
Erwinia. Cells of interest also include eukaryotic cells, particularly mammalian cells
(e.g., mouse, hamster, primate, human), both cell lines and primary cultres. Such celis

include stem cells, including embryonic stem cells, zygotes, fibroblasts, lymphocytes,
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5 10 WD 00/ 48004 PCT/ USOQO 03686 (Zymark Center, Hopkinton, MA
http://ww. zymar k. com’) and other stations which wutilize autonhtli AUG 2003
pi pettors, e.g., in conjunction with the robotics for plate novenent (e.g.,

t he ORCA(rworoolaggjo4 wWhich is used in a variety of |aboratory,
avail able, e.g., from Beckman Coulter, Inc. (Fullerton, C&&M@@E

sanpl er handlers are also optionally used to renove enzynes froma cell
grow h plate or enzyme reactor as descri bed above. For exanple, a robotic

handl er  iChimgpt ihametkl yvarg €GHOD, hblide freRistOfNIPIBT) [ @By Ali v amusde el | or to
position a magnet to lift a set of magnetic beads froma cell growth
beads, eSin ceheatithes suhaTyiqgslls of Higyed Incdusieypiant crls sudhisonaieemicer A vari ety
of nass r sty unen commer ci.al Iy .avail able. . For exanpl e,
M cr onase O koS0 by odtan  SIERE beed MR ERPe ¥ B RGN (P uch a ¢ e

Quattro I(Eerieillaonfastridm| Akgergitlag PodopdryiNeh®ssoral, ee@p] ek ePicéhifland f Or
AP Lgl\/g 15 M5) which utilizes a dual stage orthogonal "Z" spray sanpling
t echn? queaCIFIPYES) paBthe like: i pl e st age quadrupol e mass spectroneters

(e.g., the "TSQ s t t ek [ i.onigan,. Cor porati on.
1. Transformng cg]q{ésghgﬁlo‘r?\héﬁ?'é%@%ﬁ@%ﬁmﬁé{hgﬁaﬁﬁéggﬁ?afdﬁ%% t?'ce)n a cell
i s provi dedndddatse b thelrmgmeeteddiosit michmEthgwiathogenipit g subdratonhgé ni ng one or
nore nmenbers of a lib .ar% grfﬁfrel a{ ed gene ., sequences. The library of

rel ated GBRECUBHIRIAGEENTS. Bistonenal Koy iBeamdichyass of @aesta mangbiaen.f or
recursi vens GRURINGE ()ﬁ"%?&ﬂﬁbﬁﬁk'tﬁﬂsfell:&fbggﬁéiﬁﬂmo%aﬁ%rﬁ/oé@é‘ﬁ%%?g%ﬁ%?eg' nwtha

gene encodi ng an enzyne or enzynme subunit and ev e ability to

act &b aPaswubsivsdbstirgtms hosts hrrE.enlhidaaeshcdi) Strattomyqes opetiidnegewst h an ol d
substrate giI,t her alone or in conbination with other genes in a nmultistep
pat hway. M EHEFHRUSJERE" i s used herein broadly to refer to any segnent or

sequence of DNA ass@sd Ale@sht Wivehich, BheleQaiohits of LRT drOPick &8 AR SR fFom
optionally obtained froma variety of sources, including cloni’ng froma

source ofrappfogmeim pates o836, 28hgr Po-vrel 30 cloticamplaes qrcelligrowets paeuence
o S0, R SNGR R Sl BB G B  core
i nst dfcesnadiyuinspeddof the Y)-box ig st A00BcHEsHIES pe hBuR ST Mickdiienlaeorrece. In
ot her circunstances such o

typically incubated in a special plate shaker for cell growth.

‘ Each single colony is grown up to uniformity (this is optionally achieved
by automating the process, e.g., inoculum size and culture conditions, and providing
temperature and humidity controlled incubators) in a single microtiter well on the cell

20 growth plate. In one aspect, library members, e.g., cells, viral plaques, spores or the like,
are separated on solid media to produce individual colonies or plaques. Using an
automnated colony picker (e.g., the Q-bot, Genetix, U.K.), colonies are identified, picked
and 10,000 different mutants inoculated into 96 or 384 well microtiter dishes, that
optionally contain about 2 or 3 glass balls/well, e.¢., 3 mm glass balls. The Q-bot does

25 not pick an entire colony, but rather inserts a pin through the center of the colony and
exits with a small sampling of cells, {or mycelia) and spores (or viruses in plague
applications). The time the pin is in the colony, the number of dips to inoculate the
culture medium, and the time the pin is in the medium each affect inoculum size, and
each can be controlled and optimized. The uniform process of the Q-bot decreases

30 human handling error and increases the rate of establishing cultures (roughly 10,0004
hours). These cultures are then shaken in a temperature and humidity controlled
incubator. The glass balls in the microtitre plates, if used, act to promote uniform

aeration of cells and the dispersal of mycelial fragments similar to the blades of a
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ability can be assayed by decreased toxicity of a substrate for ftr&ﬂit
.cell, hence allowing 28 1 1 AUG 2003 WD 00/ 48004 PCT/ US00/ 03684 3993to

grow int nce of that substrate. Biosynthesis of ne , such
as anti bi gﬁ?@éﬁgﬂ?‘én be assayed simlarly by growth of an iﬁlﬁﬁgﬁ%&gigani sm

"in the presence of the host expressing the evol ved genes. For exanpl e,
when an indicator organismused in an overlay of the host expressing the
evol ved demsnedr, Fahexamnpiethep®niyeds cad oy clomgangashariduriog qulture it sgmaRpect ed

to be sensjtive to the desired antibjiotic owt.h_ . of .t.he indicator
or gani smf&}&urﬁym“ﬁf’ﬁﬁ?%w%‘"iw§%hbﬁd§58ﬁnﬂ{d€§@”ﬂ%fn"88$~| or col ony
expressing the evolved gene(s). The library can vary widely in size from10

to nore than 105, 109, 10'2 nenberg or nore. In sone enbodi nents, the
st ar t i ng 3egnelencrating chkk corapensvithefrinterest] i brari es generated will include

full length codi ng sequences, ARO.ARY SSR60 Ak of GRWl aha' acaeduencen- such

as a pronoter and nce, enhanceéd expreéssion. In

ot her emebdiERten thdafd'if GATHI Rkl WY 8 eailiBRtpFodutt fdimatioMframy faran be
inserted into a comon vector provi |ng sequences necessary for expression
f

bef or e peaxizophd. ngzymsereaeuinppthorays of tstceln . If Anzyme ar protedhexaressiog WY& at ed

genes that encpde enz RS Loptional |l y produc . . I nmbi nati on
of a pl ur%\rP??Pyoﬁ‘“pPE@I%etrEg%m&eﬁ%@?n%"ifé’ TPBP %I{?@C‘lmsgc ‘g’g%“f‘%n‘% 'F?%glr? gﬁﬁgvi tro set
of nol eCLHu%ﬁre%or%@B%%Hﬂﬁﬂg abtivatorph@i@ailescel | or the like. In other

enbodi ments, the library conprises a library of enzyme genes that have been

fused® o provide tQglchacsepipireactivygezymascan e lsed padrededWHBd, for exanpl e
by the high_thr hput : i i .g., t
Secr arrmsniiERBtn ERESHBR G R fuller) R Of BRI, (BB Re € -+ (O

detect a enzyne or S are

transf ect @@lINITHiE RNSHedi ABCertichifop BANMPHe gmivEbaferidieealiavs. Somareally nenbers
usi ng standard technol ogy well known to those of skill in _the art,. Basic
texts di SEIMBRANGHIStHE - FRAERAIOT ROIHBY aregecigled Nt thiMediadyentficsresssdiitide

Sarbr ook, %xﬁHﬁgﬁ?lt ve tﬁa@grﬁq{kg%{lci]l@é \!vaﬁ WP orogratd Silonal GEQWNRS) iR GlHich ée @gner al ,
any type C I's optionally used as rect pi &nt of evolved genes. Cells
of parii cedeaytréanhentashedessakyude many bacterial cell types, both
gram negative and dram positive, such as.Rhodococcus, Str e(?t onyces,
Acti nonyeet es In some cases, the components of interest, e.g., enzymes, proteins,;’or
nucleic acids, are optionally purified on a purification resin. Reagents, .g., enzyme
substrates, are added to the purified components of interest, thus providing purified
components or products. The protein purification step eliminates a lot of sample
20  preparation steps to follow. In some embodiments, a component of interest is purified
using a component or enzyme reactor as described above. Reactions are optionally
performed in such a reactor and the enzymes or components removed, €.g., by
centrifugation or magnetization, to provide a purified product for analysis, ¢.g., by MS.
Initiation of product formation is optionally achieved by inoculating the bacterial culture
25  into a different medium. In all cases, the initiation of product formation is performed in a

parallel 96 or 384-well format on the cell growth plate of the invention.

0 V. Sample preparation by off-line parallel purification.
Two factors influence the quantitative detection of the analyte in a mass
spectrometer. First, the impurities in the matrix can suppress or mask the signal. Second,

mass spectrometers are highly sophisticated instruments that are not designed for
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30 Corynebacterium Penicillium Bacillus. Escherichia coli, Pseudonobnas,
Sal nonel la, and Erwinia. Cells of interest also include eukaryot chp@Img?I
particularly mammalian cells (e.g., nouse, hanster, primte, human

cell -1linewoanmdsgri mary cultures. Such cells incl ude stemgl;:@uigﬂ ncI udi ng
enbryonic stemcells, zygotes, fibroblasts, |ynphocytes, R9E5%003 WO
00/ 48004 PCT/ USOQO 03686 Chi nese hanster ovary (CHO, nouse fibrobl asts

(NI'H3T3),  Ki dney, liver, nuscle, and skin cells. Oher eukaryotic cells of
i nterest Dandingsruse samples| Puonaly iomicanfess and mﬂ¢f©molew@eé¢kp ohtoon, soybean,

sugar caney, fish Peni.ci | I LU
Fusari um ﬂ%@éﬁ% r&gﬂﬂpodlﬁg%%@géﬁ NP 8L 18?@ aggn;ﬁg'&c\? %?é E’[@%@F%eﬂ] i a and
5 Sacchar teysehdine. dhdrefdre, daipie cthﬁpﬁsh&Hﬁ@uQﬁoJ"%boN‘ﬂch depend on a nunber
of factors, dependlng on the intended use of the engineered host,

%

i ncl udi ng pat hogeni ¢ 9“35%H?FP%Q%PFP&WQ%Nghéhmugbﬂﬁémlmdsﬁar eSAES .2
presence @"z b‘@yaséan & QTR Ohafe R8s :ﬁy &%Bﬁat e(ielnq ﬁt | f)ntstga%{)ﬂg

| i kel i hoo pro scuous trans ene

or gani Srrschrﬁ:ﬂaﬁgrztphmﬁcpmhmrﬁdmmﬁea@ﬁmlﬁs dﬂ@sk&le@r Lﬁb 'Exth @Qﬂraclioh&ﬁétﬁ&ﬁQU i,
Streptonyces, Actinonycetes, . and filamentous fungi. In the present
i nvent i onZetd] IPéOtE’(S‘Po‘?HC Afidse genesal ge kb Jysike prebidelirsesichyas by saiid phase

transf or matkanoR! (ﬁ'te%nb%&h%?rec%étlﬁﬁ. '98 %Hod@ug&f)}r Bﬁibleoi!o%'r?a‘% gor Ce;'

grow h plates wth appropriate growm

Q bot fromrmnenusxmcrﬁtimobﬁt nmmnmwmspegnls q:fepﬁidl& ﬁblbmicletc&rdahcsuialMOOO

col onj.es per hour r] E A et&‘,ﬁhates are  typically incubated in a
speci d  pingfanicaplsey ?‘blp"lé’ grdes ClapRbigligs té‘a@BF dervatyveyagdmhaup t o
uniformtygdthis is optionally achieved by automating the process, e.g.,

I nocul um si ze and culture conditions, and providing tenperature and

hum dity cont roll edFtadﬂimbaJﬂpma)deisnmaiestg} Geariedramta’ Ilicﬂridpbdsle on the cell 20

growt h pI i brary .ne ers cells, | aques,
Jbores o AlrfimatoRiaRs ARBRGeiosie LR PE DER s wepromtiet Lawidi dun

col oni es gHroRhRGHPRy nidsd Q bot,
CGeneti X, UmK ), gi::bgl oni esﬁg‘r:lg&r]%tﬁﬁmﬁq”%ﬁié%]ngﬁée%%ogl\H}etroent

mut ants i flerudradesmpleso Hisvayer, 38ch eadiithn nircis dinie emsdingiged O-Ihatnutesper onal |y

contain %glc)c‘(l%ltlnﬂlg gc%dgglh&ﬁ?vﬁﬁlﬁ‘t e.g., 3 mmglass balls. The Q bot

does 25 not an-en rather inserts a pin through the
center of the col ongloandjecor ilﬁlyMst(Flﬁ) i3 [EBhdral @ BRIy 118 Qf bye @k Ispeed(dFihe

nycelia) and spores (or viruses in f aque

autosampler, which ranges from about 0 to about 40 seconds per injection and getting
faster as new models of autosamplers are manufactured. Sample preparation for FIA

20  takes into account every step from cell growth to reaction or product formation to
introduction into the mass spectrometer. One important factor is to adjust reaction
conditions for product formation to accommodate MS compatibility as much as possible
without compromising screening quality. Reaction or assay conditions are as close as
possible to the real environmental conditions under which the products and/or reactants of

25 interest will be used. For example, when enzyme pathways are at issue, the reaction
conditions are as close as possibie to the conditions under which the enzymes are used.
e.g2., to ensure that directed evolution of the enzymes leads to the desired mutant variants.
For example, production media of polyketides in Streptomyces contains inexpensive
components typically used in fermentors. In general, the conditions chosen are project

30  dependent. One skilled in the art will understand both the relevant biology and the
appropriate form of analytic measurement, and thus can select reaction conditions.

Once these conditions are defined, further sample cleanup is often

unnecessary. Effective sample cleanup is dependent on the physico-chemical nature of
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applications). The tinme the pinis in the colony, the nunber of dips to
inoculate the culture medium and the time the pinis in the meldil ub G 22003
af fect inapghe/sgosd ze, and each can be controlled and opti FHgRbooddise

uni form process of the Q bot decreases 30 human handling error an
increases the rate of establishing cultures (roughly 10,000/4 hours).
These cultures are then shaken in a tenperature and humdity controll ed

i ncubat Ofpe ﬂ%Q@tegésasal Ratht snakrix L HBWBV&GT ﬂt §driffte Ple@tigSis opfiomB8gdionaeh theo
pronote uni form aeration of cel Is and the di s&ersal of nycelial fragnents

simlar tal gtwnbpmem anfofligOsystem U@ ralix 3vihWtho M%gBebysiPCTI USOO 03686

fermenter. For exa St r ept r cul ture,
but renain relati Y “[I'Férﬁ{?g’geﬁ(?gy anuygm&a%y% l'b”zF%ac Otdq S ‘ga?{gw ded
during miggidiehi ahMyieSem BloRldidid nfaldes C eEPONRIHIS smml wimeme@subsﬁatbmobne

enbodi mrent of the’invention, one or nore cells or clones, or a cell colony

is thén tntemstedith hyd:rnehqbﬂc @Q\ﬁéﬁallkwwlﬂecﬁdprﬁﬁlﬂqtﬁlﬁeemﬁ? BaglitcHenla®®a on from
for exanpl.e nz on a rotein
Rt SRS Frsicee " LS Re RALIARY Bl s fforh fim abliaROKIR a ey

expressnﬁ‘ﬁt Uri'ng e expressi on can be

| nduced RympieeRYAED Ifnhﬁe aSpERR COITSAE coitribygeaded ng tamrer wédearonw ecul 5. 10
Cells that contain active enzynes can be I%sed and treated with

per meabi |sumrngalagérubsratt@seﬂd andyelidebep i [iered ofo iy pareliglifashiRibst rates to
penetrate cel | _ wal, 1'1 ?molggrl e?nbo%frﬁérﬂeﬁhzﬂl Jr%réﬁwc 1br?91||al§zt‘3§ 2R I AR ¥

bacteria |like E. co nzymes or prot’eins,

are 9@cr ehsghit#ne nida 1mdll&aéthorﬁbuffdr§ fcmeﬁmﬁesedcuoms vgrkanmemlatymsembact er i a

like bacillus with an ag(gjéoprlate si gnal sequence% in which c gei_ﬁtn
extra trantipety shesende seadise e QORCHRIANOB 9§ KDIC PREe BripBYRAHE: 3P it er est

€.g., enayiERinLl 9&%:\;[}% TCIR(E\’CC!%&%&EE}&C%Q&%UE fkfp optionally purified on a

purlflcatlon reési substrates, are added to the
purified conponent Sn@fuothatzepesldn dligmsaq@hmvdeds g qoakyid @feldler@onponent s or
products. The protein purification step el.imnates a.|ot sarrple2

pr epar at |%'h:%f‘i§b§“‘i% FoHEYRd ”Pr?ysrBWQV‘é‘ﬁﬁ@dP%ﬁ??‘csé's%f‘prgﬁ‘&ﬂt’ 'bf interest
| S purst &t 48hdeh o ﬁp&ﬁﬁ'}? rti I NAE, hRASN 6€11 8sordePNA hrtprakaye.

Reactions are“optionally per ned In such a reactor and the enzynes or
COITpOI’lentlBlp[lﬂ[TEB/zﬁ'dpreel[?gla;edblyilh abartal laﬁuilgsinm\@d byifiliseiipret i zation, to provide a

i fied duct f t t t
1I‘O gpmalt ?onpirg ggtioﬁalapg}t ﬁg?fPEQ}eg‘e%ﬂ}dquﬁg@tﬂeg‘??%m i relf)[g(r:] e& F)R%ﬂ?ture

molecule, such as a polyketide. Hydrophobic molecules are extracted from the aqueous
phase by organic solvents that also remove ionic impurities.

20 In another aspect, cells are lysed and enzymes or other components of
interest. such as peptides, nucleic acids, and the like, are attached to a solid support, €.g.,
an enzyme reactor as described above. The enzymes are optionally contacted by
substrates on the solid support and then removed from the reaction upon completion,
resulting in products that are sufficiently pure to be used directly in mass spectrometry

25 without further purification such as liquid chroma[ograghy.

Another example of offline sample preparation comprises 96-well parallel
solid phase extraction (SPE), in which a plurality of samples, e.g., about 96 or about 384
samples, are simultaneously loaded on to a solid phase extraction plate, e.g., a 96-well
plate, e.g.. from Waters Corp. Milford MA. Unwanted components are washed from the

30 plate, e.g.. using one or more buffers or solvents. Components of interest are retained
inside a column of the SPE plate and optionally eluted by a relative high strength solvent
into a corresponding microwell plate, ... a 96-well plate. Samples prepared in this

manner are sufficiently purified for injection 1nto a mass spectrometer.
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25 into a different medium In all cases, the initiation of product
formation is performed in a parallel 96 or 384-well format on tHeAd&! 2003
grow h plate of the invention. 30 V. Sanple preparation by off-1line

paral | el pudobigpesi on. Two factors influence the quantitatilycﬁr ﬁ’h’ﬁ% on of
the analyze in a nass spectroneter. First, the inpurities i rix

can suppress or mask the signal. Second, nmass spectroneters are highly
sophi sticated instrunments that are not designed for 31 1 1 AUG 2003 WO

00/ 48004 PCT/ USOCQ 034i86f ihantbvaghsey, usiapls praphesion Stas adgptyd kopioceds@bf er s and
macronol ecul es i ke DNA or proteins_ in the matrix will lead to reduction
in si gnatamRIEs IPAHE! ot Bighbaakomyied f3519nngesPy ConBIngdBHi SREENPR V4SS or e,
sanple ¢ Tl f t o - ; r ' i on provides
g ¢ hr omag et (Pl s BOR of BRI By L OP o BB e BRI " ol &

cel | s or Agditionally yhese admemphesit eloyerbyedonditibss orl geatm@adn eblvants phovadeat ogr aphi ¢
separation_step, the _sanPI es are cleaned up with extracti on nethods to get
rid of pFYfieERSPUTHirRPER 6 Higisauiplegen Ecnliop lp 2jmusk SPEEHEMEMBr i s, such as by
solid phase extractions or ethanol/nethanol precipitation. The nethods
used are viable for many conponents, including but not limted to sugars,
pepti desVipol Massispadtreaaetrysnal | 10 i norgani ¢ nol ecul es, pol yketi des,

bet a- | act am ant i bi Sia' cs, triazine derivati

-1 %q%s aq%ﬁ ?f? |.i keir )
Traditional ly, crude®sapfsionaigrss EFeaide! thaq 3l s PeeLien o Ellf’_rr%"rrat ogr aphy
col um  PrhQdty bP di i drR 941 | ML 1EAR e Db BIiRs. "R SpraP &id £108REPFay thhui d

chromat ography mass spectronetry (LC/ M5) was probably the 'nost common way
to 1%50cl epastrometie heanptensiscdHovwmary diftesanh ficlds fomihe amalyss of orgamonsuni ng

(10-30 m nutes per .sanple),. limting the speed .the anal ysis. Flow
i ecti oRRaTy B ad (R Erigat 4 PmitrpSRrIF o ISV RGP of the
aut osanpkgliple My LphANEE echhiRlt 3ROk bs BEh befahtnte AQuidehrifiRopaphy 61 ection
and getting faster as new nodel s of autosanplers are manufactured. Sample

pr epar at Femlifgrzops pleggopheresss. which s pedermeddiding vitheibe fmasssRAsiPmgF bW h t o
reacti on o RO LTI Q8 rki® of L QEUELLAR LN B0, BSR Sheet rometer.

One i npoftant factor s to adjust reaction Itions for pr t

f or ma§i ofhrboctpue aRdatrer Moesaandtdudsibh bimas spratiord@rdesiyting Wi t hout
conprom sing screening quality. Reaction or assay conditions are as close
as possiashaiaues. sefe ertedlirkRiktembriycopedio atiCkergaal Tacdaeloghi YUmad o pr oduct s

and/or r &3fh mﬁﬁon%)ages 1071-1094, and all references therein. See, also, Mass Spectrometry
for Biotechnology, G Siuzdak, Academic Press, San Diego, CA, 1996; Electrospray
lonization Mass Spectrometry: Fundamentals, Instrumentation, and Applications, R.

20  Cole (Ed.), Wiley and Sons, 1997, Mass Spectrometry for Chemists and Biochemists,
Johnstone et al.. Cambridge University Press, 1996; Mass Spectrometry: Principles and
Applications, Hoffman ct al., Wiley and Sons, 1996; Quadrupole Mass Spectrometry and
its Applications, Duwson {ed.), Springer Verlag, 1995; and Advances in Mass
Spectrometry, Karjalainen et al. (eds.), Elsevier Science, 1998).

25 Electrospray methods are used instead of gas chromatography procedures
because no prior derivatization is required to inject the sample. Flow injection analysis
methods (FIA) with ionspray-ionization and tandem mass spectrometry further the ability
of the present invention to perform high-throughput mass spectrometry analysis. The
ionspray method allows the samples to be injected without prior derivatizauion and the

30 tandem mass spectrometry (MS-MS) allows extremely high efficiency in the analysis.
Therefore, no column separation is needed.

Electrospray r1onization is a very mild ionization method that allows

detection of molecules that are polar and large which are typically difficult to detect in

34




25 interest will be used. For exanple, when enzynme pat hways are at iSs
the reaction conditions are as close as possible to the condltﬂdhéﬂmhaan
whi ch t he S are used, e.g., to ensure that directed evolutlon of the
enzynes Iggﬁéy “the desired mutant variants. For exanpl eFCHLEMYBEH00N
medi a of pol yketides in Streptonyces contains inexpensive conponents
typically used in fernmentors. In general, the conditions chosen are project
30 depend€rmvs vaxeusjuidl dxdivatizaiioe. dddewm élécttmpixeysbza;ndpdimb’mctdnedmeitevant

bi ol ogy and the appropriate form of an %IIC asurenent and .t hus can

sel ect rBEPGSOR f%‘ﬁ&l‘t"? BhAntitie)RIAcs HEUPICH RIS BRS ass BURsid: SARR'SE F t her

sanple c f, Y-8 ol GriSAERHNYRed. S dependent
on the providly tnfecld EhandAORE ERAKa S (BOIONE ORGSR

PCT/ USO0Q0268&icnhie veryatrbduablewalt stalatdxarorataniging ﬂfm@%'er 5‘%al I sarrpl e
cleanup is optionally done on the cell ate i.n an off-]| }ne system

wt h
in patallel with t KB BAS PEFUOmegpsEHie 3{*’18%55’1“85 of PEECHISPT SRS
enpl oyede} 9y,af CHTRHGR S tﬁgl\éfi{uh&{lg ol10fms. Orid @hgmtioddRbYhEsuNdS whiro! ogi cal

matrices. For exanple, cule substrat es of 5 i1nterest with
hydr ophodnlfferamnmlelcel;ar iekghtaoacars in ¢hecfamt pedatpoke ey thatselegianonfia prgsy.trss:pl asnma

t hout | |ls. Usi | atile. byff t at
11 ove aortpe Keniiruten s gt Ot SaBhion B 7 Haeentiol SBBHILA and he

buffer agdgtdfssbbigtion Bpﬁ%'ﬁéc@%r ioRUR st RESd GuaacdRik. el ised J)f wbris is

filtered off in a parallel fashion. In another embodiment. snall inorganic
i on Hhal \eckssqer @ndfetfonndriskennely L. 4014988 Taehmguarsng A ppisationrefct i on

buffers YIE. I € ctlon,s h th B alytes are optional 1), chosen
to reduci %@n@%ﬁc%ﬁﬁ‘: 2PFEn X;ﬁ}} Bl %r%’ec?es to a nininum and the
remaining cations %Elefcﬁ.ﬁ%@@iebﬁas@@ﬁdc%m:warmnm/maﬂlysisrbfanmplaer
aspect, an oligosaccharide is the analyte of interest d i gosacchari des

are cl eaﬁ@rcbxump!wart@m\ﬂm@uaplﬁ Rash PRECEPBETEE Wil SH6H OBPTAY ARYATIIPASICex change
o DieSt tefBe 3o RE iAo R et FEnn AN TR 760 |s HRBRAR ukBA and

protein Pi are-precipitate

filtggati ORe nia&tﬁ@&td}ﬁfon&leto alldﬁEOme)ﬁllmﬂarQJ’armm tundugbfthé fitser est i s a
hydr ophobi ¢ nol ecul e, such as a pol yketi de. dr ophobi c;ﬁlol ecul es are
ext r act eBuadrenAlg WhIChQITEBESES Bﬁ%@@‘ﬁ&?“d?@’é‘ﬁf‘%“’é‘ 12D ARETE B At 1 enpve

lonic | nprprnll Bérﬁ%au%{?eﬂlgn @nrpméﬁrhc%ﬁ%ﬁtom et $hidf GuddY§Rk. ards pRRvaeS Or
ot her onents of interest. such as peptides, nucleic acids, and the
| i ke, ar ercatet achettckpoiatsSor archiwe pjeotificatieng The pamclc must have the correct
molecular mass to charge ratio of both parent and daughter ion. Tandem mass
20  spectrometry thus leads to higher specificity and often also to higher signal to noise ratio.
it also introduces further separation by distinguishing analyte from impurities with same
mass to charge ratio.
Other techniques of use in the present invention include, but are not
limited to, neutral loss and parent ion scanning. Neutral loss is a method of mass
25  spectrometry scanning in which all compounds that Jose a neutral molecular fragment,
i.c., a specific neutral fragment. during collision induced dissociation (CID) are detected.
Parent jon mode detects all compounds that produce a common daughter ion fragment
during CID. These techniques are optionally used, e.¢.. to quantitate the amount of
product and starting material simultaneously. For systems in which the expected product
30 is not known, e.g., a standard is not available, the neutral loss and/or parent ion method
allows backtracking or deconvolution based on fragmentation patterns to determine the
structure and/or identity of the starting material. For example, the parent mass is

determined based on the various fragments produced. This is especially useful for
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an enzyme reactor as descri bed above. The enzynes are optional Ii c&%ai d
by substrates on the solid support and then renoved fromthe r a1c n on
conpletion, resulting in products that are sufficiently pure to be used
directly i pectronetry 25 without further purificatjigon such as

liquid chb%bngi?isg?ﬁphy. Anot her exanpl e of offline sanple p?gyggﬁyq:‘ﬁf

conprises 96-well parallel solid phase extraction (SPE), in which a |
plurality of sanples, e.g., about 96 or about 384 sanples, are |
si mul t anéeasting tayadettyors actvidy whén die phalvet efdbe auzyimerrepitenas net kjowna 96- wel |

pl ate, ebg.,. 'fegj?mb\{\aters Corp. MIford MA. Unwanted conponents are washed
from t he 80 BFE¥®2®® g., using one or nore buffers or solvents. Conponents

of interest are refahAa 1ds8HeHRI GRPINFNOLT in@esPRie AModlcl 16PsksQRS | onal |y
eluted by a relative high strength solvent into a corresponding m crowell

pl ate, efigst quadropeleed.¢.. il atiple @adpipels speapranaier, pne Atk wne iy Aeraningrthe
suffi%:i e tlty %ified for .injection ,*netco a MBS s espe%tnr%rrehgr. 3[3di1n 1A
2003 WO OB AEOTHPHEY) LETHIDIEETAEC al 16 YRWE Rroee Cabs FA8THTFS
prepar at kel mERATIR bg@mr. QELGFecR neSBAPr&fmdn i18§tddreh pafknBiddi ghl'y
aut omated fashion, thereby ensuring that screening was only rate dependent
on the speeug 8k (Joqrreenssal daghleysings Brmefowhigh sla tiptohas pfnass equal to

on the spe e o . a8 ual
col vent s s a8 T el BTt el MR BNplec BT TRE PERSEAARM 0 i

a mass speaatihemeidgiler Yhd bd/BaiscisRerttho velyl ¥n MasiorspRpbdicatEbiyig aseargeneri c
nmet hod that allows detection of a large variety of different snall
nol edQl e fiRBMERLE L aSONSaRgISHUY fErgmea! &pﬂ Auaps Hip GHRRIoqeys gpibeseeWet ry have
been used i £ en | o | i c conpounds
and for gH‘lédr}gé@gﬁ (§ZH<’§11t0|Bg]r]1)gj g%le‘%%cgﬁrg%ﬁ Ic])rtar@)‘l’ Ee%ﬁrﬁggﬁl(ﬁ% Jrlﬁgf?%]dorf?m%\ggér‘, usual |y
coupl ed sondtasepahnavition nwe bffiqueual sauthh neass INggh per f ormance i quid
chromat ography or _capillary zon |.ect rophoresis, which is perforned
“n-line with tho miSIeqERY 1OSBEPGL. ISRnFOMPOnaH; of D155 st MVEHL [ at e of
mass 5peg§1§SQH@FiFsYﬂﬁ’MU¢T(ggbB§at'att?mé‘.s?hééicﬂlsrhﬁ'tgﬁaéiﬁeﬂtm RAUORBYLd RRETAEEr For a
general discussion of Ss spectronetry theory and techniques, see, e.g.,
Ki r k1&t hiveCIBn cEheltivipe dbairepolCisehércst tolaiownon g gpscifoionato 5. Thas, alh Edi ti on,
pages 1071-1094, and all references tger.eicn. Seﬁ faLso .Mass E%&g%tromstry
for Bi ot SEMABPBYY S-8c PEPULIRN CaKEAN e RIOAUENE SSPCAL, TBREY I0RAS S o
El ect r ospeayd qhﬁ’d}héﬂ'&: aNadVEREd BIPRGATIRE e first dubaePoRhads Tiltetdintthd/pmpe at i on,
and Applications, R

of interest while setting the third quadrupole mass filter on that specific ion.

UG

The speed of the analysis is limited only by the motoric movements of the
20  autosampler used to inject the samples, such as a CTC Analytics and Gilson, Inc.
Middleton, Wisconsin. The speed for example, is optionally set at 30 seconds without
wash and 40 seconds with wash of the injection needle. Such a sampling rate allows
2880 samples per day to be analyzed by MS if automated overnight runs are used. Thus,

an entire 96-well microtitre plate of samples is run in less than an hour. Preferably, the

[ )
oy

speed of the autosampler is set at about 15 seconds per sample, allowing about 5000
samples to be screened in one day or about 200 per hour. Autosampler companies are
currently working to increase the throughput to one plate in 10 minutes including the
washing, which would then allow for about 8500 MS samples to be run in a day.

With the above mass spcct-rometry system and the off-line purification of
30  the samples of interest, sample introduction to the machine is typically the most rate
controlling step. The present invention provides a high-throughput screening method for

use with mass spectrometry by providing faster sample purification steps.
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20 Cole (Ed.), WIley and Sons, 1997; Mass Spectronetry for Chem sts and

‘Bi ochemi sts, Johnstone et al., Canbridge University Press, 19961 Vil 2003
Spect r omet ryg odf4sofsi Pl €s and  Applications, Hoffman ct al., pphRy Iﬁéﬁ% Sons,
1996; Quadrupole Mass Spectronetry and its Applications, Dawson ?e 2 )
“Springer Verlag, 1995; and Advances in Mass Spectronetry, Karjal ainen et
al. (eds.), Elsevier Science, 1998). 25 El ectrospray nethods are used

i nstead of gas chr oithe oge apeyeepingoe dptieelly bersnsekbeyongthayof ther i vat i zat i on

is required to inject . the sanple. Flowinjection alysis .meth Fl A)
it ons TR Bats b oo Saae s s b e ARy PR SRS |11y
of the praenids dB¢EBES QFoveO APRLFPEDIHadipids g SUSIRAIAF oRSGed RARPIEQ RS I'Y

anal ysis. The ionspray nmethod all'ows the sanples to be injected wthout

prior der opaenatapooledamdnikéretog@heramd emeeied B1Le BEdnass ARacHpMErB-avE e al | ows

extrengly high fi.cien i,n th | ysi s, .. Theref.or ne. co ation
i s neetledS? glgcﬂ’ﬁgfbﬁad@ﬁ?é{}ﬁlf“‘z"gt" ﬁgﬁe%ﬁg%éov\'fgrlge'%ﬁlcgi’l%ﬁlll %nzil&/sgsniloxe ﬁiﬁqﬁiat
al l ows  dehsetsanpief. FOI SaHpRSfitdaliferin® sitlirates aRdedciédiwiniah ehz@neatgpi cal |y
difficult to detect in 34 1 1 AUG 2003 WD 00/ 48004 PCT/ USOQ 03686 GC- M5

wi t hout prtheoeswsmioetedi Zkeifyn diffasers subsstates maydpsediee fvg selaisd @rsbmdater s det ect
les in_fentonol tities., S | ' ' -
R Bt od CompRyes o5 PeotiE) hh By ACRioinY Rafthed SERt SRR SpASs i

att onol ar (KpRIBhAIAL pftsmel oh @WeJooledQdmplest BbF Oamiple, uapycifiepnadenti bl e wi t h
standard errors ranging from2%- 5% 5 Tandem nmass spectronetry uses the
fr agméfit atfragmentis peraeyadsisem b ths sapplesy agnuvihe seread gpadiupolg, and;themthe

guadr upol g - I.on. C ) ' i f f ar

wei ght s oéjé'lt}‘{rsig d?c-rll;gtg%@?e?ﬁ? ?%ﬂcgﬂggfruhcﬂo: eqwdat%hdgtctg{eklde'g'ttqeofﬁrrsg aél rog‘gg)lr sor
ion. The ipdenid febwia flop Badhsof pler ihdivickell tynpidse i sol ation of a fragnent ion
after collision induced dissociation ?f t he rgﬁurs r.ion in the second

quadr upol e. Revi ews /oY Ritgabayt ¢ EQPPY BEPRIELANYIRGERHPE [N ot 4 .
(1988) "T%ﬁr%ph@}bﬁg“p t A0PLdnfidds %than&R%@ON@%&n]?@gFHW:‘é " al\éae

publ i shers e qua rupo‘%g mass spectroneter | ow M5/ anal ysi s
of sarnpl ednjectimreverahpkaonds. tIf ihplspeagief{dnaupvdsampias ss imprasaddreyond fwi t h

el ectrospray and at heri c ressure chem cal ionjzat,i sour,ces, such as
a Fi nni gar" %W@O‘m)? eCoBYY SYFE'I grf/“[ﬁfssé&cnm%gatﬁ%r_cr?&bﬁ cﬁe%?@1036[1¥'0 n%rlel y set
to allow oggpRRhLId SdHIAd todb AR gre@Br Sdiéitvatede Thpically shiadbupabsunsodch
under goes fragnmentation reactions with an inert gas. The nost
samples are pooled. More typically about 5 to about 100 samples are pooled or about 10
to about 20 samples. At 15 seconds per injection MS rate, the screening rate for pools
20  comprising 100 samples each is about 24,000 samples per hour or about 576,000 samples
per day. Typically at least about 500 samples, €.g., cell colonies or library members, at
least about 1000 samples, at least about 5000 samples, at least about 10,000 samples, at
least about 25,000 samples, or at feast about 100,000 samples are screened, e.g., for
presence, absence, or activity of one or more component, e.g., non-column-separated
25  components, in less than an hour. In other words, at least about 1000 samples, at least

about 25,000 samples, at least about 100,000 samples, or at least about 500,000 samples

or more are screened in about 1 day.

VII. Kits

30 The syster described herein is optionally packaged to include many. if not
atl, of the necessary reagents for performing the preferred function of high throughput
rmass spectrometry using an off-line parallel purification system. Such kits also typically

include appropriate containers and instructions for using the devices and reagents, and in
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prom nent daughter ion can then be singled out in the third qua1dr uRﬁée
This nethod creates two checkpoints for analyte identificationt 17 2003
particle nust have the correct nolecular nmass to charge ratio of both
parent andvdaerggeber i on. Tandem rmass 20 spectronetry thus | 05@36% gher
specificity and often also to higher signal to noise ratio. al'so

i ntroduces further separation by distinguishing analyte frominpurities
wth same mass to charge ratio. O her techniques of use in the present

i nvent | o%aSF%‘é_’ﬁfifBé’?"%ﬁ‘P ager'é)‘ RETISPOpeH Ip dRe deyicas dhprpsslvas owkh appFopEA&Nt i on
scanni nGinsiNediondforli ASSducfho@h MRLDOHs Bho ﬂﬁ%%ll%o»@tmeﬁét'é QLY sReABReRIof N

whi ch all conpounds that [Fose a“neutral nol écul ar” fragnment,” 1.e., a

speci fi cthagavical Shgtdgrepmpicaltiuint nge e otll gsivah plawitkchedessayatagenan (Cl D) are
detected, .Parent jon node detects all conpounds that produce a conmon
daught erpﬁcgﬁp?%ﬁgmtwqul?r‘ PRI P2 Eé E}EE‘HHH Yy feeh Eragenss eieghayidsd Wsed,
€. g. .5 t oa guBinked A, $& BFRRht ®oradali d bile

si mul t aneously. For systens in whi %dﬁ{'ﬁ'ﬂgpg?%g%tsi%ﬁfﬁr"o ulc({;@%&(ggqogj”ﬁbt known,
e.g.. a &Bah@nrigakagendt nuanberloAblhbilizing@reneases ate Wokdy esed/for repgerenthai on

met hod I ki rackin r deconvol.ution.based on fragneniation

pat t or ns S HE e BRG HeRE LR aPheeR B Ve ST GRS ey CopyPAIE 1BbBitPRng

mat er i al midrogid@XaRIOstals NhtiRBARMNtIYBGE phsicHelaBlIFaliss oP@e sthiORall g vari ous
fragments produced. This is especially useful for 35 1 1 AUG 2003" WO

00/ 48004thpehummmbosegen ge e sekd supPatVAIItrapmephio 2malixi (.9., algeh. t he product of

the gpzy : ion. hs:not known. but is predictable. In neutral |oss
nethods,ﬂggﬁggﬁgﬁfgr% llP%terest are allowed to pass the first quadrupole,

e.g., in a triple Tuadisupsbe .bpeat parepdiBr appiibshla@to @etakpBtddpdscanning the 5
first quadrupole in a certain mass_range. The conponents. e.g., ions, are

f ragrrent"éﬂb‘?‘ﬁmf’?fé of B JRENHAR descpedabayg. Maseover, laoglﬁlégti!qnscpanggm@p '§ r agnent
is lost f reRt 5 h ' [

Formed, e hadpgarefi efHib Reic B ik T DEPERAE o BB SBIN Shy ke of
m nus t hibemmestiod ad dleinedudrdahe imleated @n beyat o gbinber afahiffedenl usepass t he
thir L fil tler. anﬂ%ﬁﬁ] detected. In this way, any ion or conponents |osing a
neut t-al ufj}%d OWdN%., a constant neutral fragment (NO) during the CID
process in the secppduse@iaqh ' ' I C nni ng the
first and third quadrupol es d&g?ﬂ)ﬁﬁf?gﬁg%ggﬁ\}\#%Sﬁ#gﬁjr?rgfsggqg@ﬁgg lﬂequal to the
mass N4.Scragningeof gazyne rasorpmpsttimwalys. i ons or conponents of interest are
allowed to

i on

The use of a mass spectrometry system as described herein to perform high
throughput screening of reactants and or products of enzyme reactions.
20 The use of a mass spectrometry system as described herein to perform high
throughput screening of nucleic acid library.
The use of an off-line parallel purification as described herein to perform
high throughput mass spectrometry screening.
The use of an off-line parallel purification as described herein to perform
25 high throughput mass spectrometry screening of enzyme reaction pathways.

An assay utilizing a use of the mass spectrometry system described herein.

EXAMPLES
The following examples are provided by way of illustration only and not

30 by way of limitation. Those of skill will readily recognize a variety of noncritical

parameters which could be changed or modified to yield essentially similar results.
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pass the first quadrupole one at a tinme. These ions are fragnented in a
second mass filter 15 by CID. The third quadrupole is then set 1d AUGo203
only specif G,/ to pass. Thus, all conponents, e.g., pr

react ants,VLB?)ga@@?ng a specific fragnment ion as set in the P%ﬁgs%s
guadrupol e are detected by scanning the first quadrupole nmass filters in
the range of interest while setting the third quadrupole nmass filter on

t hat speckEfampledn HTih}MSpddoazie Prglughanysis is linmted only by the notoric
movenents of the 20 autosanpler u donjrect .t he samml SUGHL RS2 CTC
Anal ytics and G | son”4 s a%’ﬁ%ﬁréjt?g% ga&’/@cdcgﬁlg‘{'zﬁﬁg]%% sp(gggmf%s? exanpl e, is
opt i onal | ffos&fteAdondninQeO NG Wisthaely usvdsdibianid Wide setaadthanivele abeab of the
injection needle. Such a sanpling rate allows 2980 sanples per day to be
anal yzed bytahsidefand degrade eldnzone rhiPgritdomenss dren wae doundiasontalp &Atire

96-weld mcrotitre pl sa 1S, ' JAMLzine

Pr ef erﬁjabl ?ﬂco&ﬁe aﬁg‘géﬁagmgéo ?%QBE)S lgsﬂzar[rﬁilﬁglrﬁ?ssllhgzlt%n%ﬁaﬂg [?)dl}t 1?21 Zslg‘:':oonds per
sanpl e, ahydpud yagashe ule HROGep raulpldegratinidiepasiovBestedrazimeopsee diay, [y  about 200

per hour. "Aut osagspl er conpani es are _currently worKki na@i}% i_ncrease the
t hr oughpu$ouzs. Madagpusky. M J18 Wagkpted- Prdtiaing EHIpOhYRLsF 8™ whi ch woul d

then al |l oy f ) ,scﬂmgl K b R a B3y -aniptdleihhe above
nmass spec%egﬁé?glg‘gébs‘ﬁga%éa\@'t e OS? ﬁ'ﬁtn?%’te@n ﬁﬁgfpidg]e{?ﬁoﬁ%g SOClt he sanpl es
of i nt er eCharaganpitieni NBacdHo}, 10 4894-49G0 (1ABE)) hereicdsd, Yipdural ).y t he nost rate

controlling step. The present invention provjdes Egi h-t hr oughput _
screel? ng met hod f ofhe bigghsgicy degradalionel atgApe [E?/ ﬁ‘gﬁ@f’lﬂll?f PdsY¥er sanple
puri i cat b i$hRviraHhohRIRACARPOAY bt diclki: 2P0 RnH DGO BEGads beat e of

screening 1s optionally 1ncreased yond tha ~the autosanpler by using
pool i ng steombmiialls comperitivanit Inctdace okt mald typsastivigarad e drom 28Rere®ni ng

nmet hods descrj pbed. above. A plurality of les, e.qg.. . siml at ed
sanpl es, dFrablgptlieAEA 8 R d’isé[ﬂmS‘fl "ﬁ??é’&ﬁ? gg_@fc e"Fcﬁ)ﬁthﬂj[@cﬁoé%gofé{ta(r)ﬁ% he
nmass _Sp_ecgfo%ﬂ%&?ﬁnme QBQoPr SRR idBE. ¢8k TG 1S Theerpdesanyaheiga@ was provi de
identification or analysis for each of the pooled sanples. For exanple,

five d5ff expeessed imyivesence afgluguse pehmduesdwithisaprophl Yrigatastpse {IRAG) ) t s

pool ed. The five differe substrates r e five related or simlar
corrpoundspgémﬁjrﬁffb%‘l“&m%%’cﬁF’E’Jed{%?%sang?lé‘:'}éég153%}&%'nd anal yzed. Neutral |oss
analysis is then optionally perfornmed on the pool ed sanples. For exanple,

a specified neutral 10 fragnment is renoved fromall the sanples, e.g., in
t he second quadr upolébraryuenstrucgion apd celhgrowth deconvol uted to deternine the

parent ion as det eCt[ﬁg a}zﬂ éerﬂg \Jais @ﬁ&fﬂg&',aaqalflpé)ilnﬁiatl B brary plated onto Kanamycin /
20 2% glucose plates. A robotic colony picker (Q-bot, Genetix) picked all colonies into a
microtiter plate of 96 wells containing 2XYT (100 pL) medium with kanamycin and 2%
glucose per well. The cells were grown in a specially designed shaker for microliter
plates (Kuehner, Switzerland) at 37 °C overnight. The saturated culiures were dituted 20-

fold into 2XYT (100 uL) with Kanamycin and IPTG to initiate expression and grown

[ =
Lh

again overnight at 37 “C.

Atrazine degradation

Cells were harvested by centrifugation and resuspended into 100 L
ammonium acetate (10 mM, pH 7). 5 uL of resuspended cells were transferred into a
30  reaction well containing 100 pL of reaction buffer with atrazine (100 uM) and
ammonium acetate (10 mM, pH 7). The reaction proceeded for 6 hours at room
temperature under constant shaking. The reaction was quenched by adding an equal

volume of methanol {100 pL). The entire reaction mixture was transferred onto a filter
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provide results for each of the individual sanples. About 2 to about 1000
sanpl es are optionally pooled, thus increasing the throughput tlo]ahidfit20890
sanpl es per hour to about 240,000 sanples per hour, e.g., at one 15

i nj ecti onwemMmrdgooyS seconds. |f the speed of the aut osarrpl ased
beyond | injection every 15 seconds, even greater screenin eﬁCt’Q%@@%?

obt ai ned. Optionally, nore sanples are pooled to provide greater screening
rates. Typically about 5 to about 500 sanples are pooled. Mire typically
about 5 placabduny 100! sdirbes sed preppobied ramovald dytfilkauont Fhabauplee@esanpl es.

At 15 seconds n n VS rate, the scree rate for

Compri o RECESGTEabITS He Do an ot i o0n-Eatm oy Berienind Br astur

576, 000 spimb&s m@@gpe@aﬁme}ypl cally at | east about 500 sanples, e.g., cell
colonies or library menbers; at |east about 1000 sanples, at Ieast about
5000 sanpl es, at |east about 10, 000 sanples, at |east about 25, 000
sanples. or at Ieaﬁ/f na,gout 1 60 0 sarrpl es are screened, e.g., for
pres@nce absence, mv—a%—%—‘gg—o‘ﬁ?—%ﬁé"—or nore conponent, e.g.,

non- col um- separ at adio&Rki AVTN NSt fazirein h@mumamagrebmﬂandi Dscatiber words,

at | east about 1000 sanples, at |east about 25,00 | es, at | east about

100, 000 @aﬁwpe%MWSaﬂe ediat damlouumlom3%w¢stre@elethlwg@ 15Q MBPkened in
about 1 y i ptionally
packagedﬂ?yonﬁo?l{lg%: Bh 1;"fas:%“(')et-or'p?nig)t %}19?@?80 'l‘{g nece egslgr"%/éer\}e)agents for
perform ng the prefk¢ rra@hntamﬁtmra: o6 (ph@ht bRy @UGNPLIT4 (BRRAES PRYIWRNEL Iy
using an off-line parallel purifi catl on system Such kits also typically

i ncl e BpPeSH (s &igeneapamelsdt addiBlnst ructions for using the devices and
reagents, and in 37 1 1 AUG 2003 WD 00/ 48004 PCTI US0O0/ 03686 cases where
reagents are not predisposed in the devices thenselves, with appropriate
instructions for i MSBtRemiahgist he reagents into the cell growt h plate or

mass spectroneter of the devic uch kit a cell growth
plate with necessa}ggﬂuf%gﬂ@r‘l‘fssres"gtség aéHB%‘“é(HE“hX&é Z\F&HX‘TSS %CH%%SP‘&F@IW
pac kagedtwe@é"&'ﬂ%{rényrea@ﬁ’&hc&n@ﬂ%@ttﬁthafﬁo@sr ﬂ\ﬁlaq?s‘:thhtrbvée ?cg?&ﬁt%bdi h&Bek herm so

as to prevent degradation or other |oss during prolonged storage, e.g.,
f r om3 eakiglfezolvmm rm@cnotﬂlcaitpamm@la@emsoselssr@ viarbde. V\Bamftrial oslégromh

reagents_t hat re be . st ored as t ncl. usi o
tan 11 sErdin ol Smpfe SRGP &' R et e BB r s
ant i coagul ant s) the physi cal stabilization of the material, e.qg. t hr ough

i mobi li zation on a solid support, entrapnment in a matrix (i.e., a gel), 10
| yophi | i zation, or Magsial§ ke,

Ammonium acetate, glucose and IPTG and Kanamycin were purchased

20 from Sigma. 2XYT medium was prepared according to Sambrook, I., Fritsch, E. F. &

Maniatis, T.: Molecular Cloning. A Laboratory Manual. Cold Spring Harbor Laboratory

Press 1989. Microtiter plates for cell growth were sterile flat-bottom shallow well plates
from Nunc. Reactions were performed in 96 well Costar polystyrene V-bottom plates.

Filter plates were from Millipore HV 0.45 um Durapore.

Example 2: High throughput screening for directed evolution of enzymes and
pathways using mass spectrometry
High throughput chemical screening of enzyme reactions involves
quantitative detection of substrate(s) and product(s). The most universal detection method
30  to date is mass spectrometry which allows identification of a particular organic molecule,
e.g., based on mass to charge ratio. Electrospray ionization is a mild method of
transferring charged polar organic molecules into the gas phase and applicable for most

biologically relevant organic molecules.
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The di scussion above is generally applicable to the aspects and

embodi ments of the invention described above. Mreover, nodificit] ME 2803
be nmade to Q?"*éﬁﬁéh()d and apparatus described herein Wi t hout departing
fromthe spl ri scope of the invention as clained, and RITEUSHOIEE| on
can be put to a nunber of different uses 15 including the follow ng. The
use of a mass spectronetry systemto perform hi gh-throughput screening of
enzyne reaction pat AWdgsshuifhes eslenaddgyas mesiio speact 1 lorety of ielasddegenas

descri bed herein or m hi t hr ough reeni ng of reactants and or
product s S?qﬁﬁﬁﬁé [Fgﬁ‘& 9W§meggth?h‘é‘“ﬂ§g‘: @F ”ih?é“%e&hed%?rﬂf feglaiedm as
descri bed %@éﬁéqﬂeﬂc@s pRIEQ r@n'}ilﬁhndstthﬁt%@nﬂr‘\’stfor?r%rﬁﬁ@'ﬂﬂgtcﬂf dferggicﬁfbf aci d

library. e use of an off-line parallel purification as é’ her ei n
to perf or mingh lgmtemidaghpamemsmqsq:)g@tersquEtncqr&pmseamgngunﬁhQVMt of a an

of f-1i eparaILq urification ed her |nt erform 25

Chr oughpuPaHELlE® epBithe ol B ire 2a el Aione azy hber B PEomh o an
assay utilghgigpg a use of the mass spectronetry system descri bed herein.
EXAMPLES The foll owi ng exanples are provided by way of illustration only
and not 30 by way ofFiguraidtdesirias thEhope lkm‘t arskypicailyi yskd te aabinityr cregogni ze a
variety ofren ncritical Eararrettf:rrs whi cou%g %e changed or nodified to

yi el d esséfti gpslg,yglla?ﬁsipg O g'?”S%" 62" 1 AUG 2003

PCT/ USO0/ 03686 Exanple 1: HTP-MS-- Atrazine Production Atrazine is a nenber
of the famly of triazine- derlved herb| ci des Bacterla fromsites
contadPnated with tHusSinglde Hing q all dofmatat were abl e

(o Mt abolize and dsgpedg CEQ%'P“‘&%%Paﬁfﬁ%@%? FoRp R WiBR B e | e

t he transerwa! mrowkr pmqream:nﬁpbﬁ)pnhwogr@wﬂhé@zunﬁg tﬁef@ bt fr&in Gé@Eixi N the
degr adat i on pat hway of atrazi ne (see al so, Souza, , Sadowsky, M J. &

Wacket t cmaxlmvmépp%ofcﬂhﬁ S-btyiabsun 4@DG Wﬁ'eWéanﬁI@sm§ﬁ3mStm%iFh ADP;
CGene Se n Characterization. J.
Bact eri grw%‘:‘@@@x%fg&(‘ glgtsbgg(ggggqg é&h :gure 1). 10 I'I'fle Ibi ochem cal

degradati on of atrazine by the Pseudornanas strain sp.

B: Product generation using whole cells. cell lysis or purified enzymes

Each single colony was grown up in a single microtiter well to uniformity
and then treated in several different ways to initiate product formation. If enzyme
expression is purposely suppressed during cell growth, whfch 1s sometimes desirable,

20 expression can be induced by removing the suppressor or adding activator molecules.

Cells that contain active enzymes are lysed or treated with permeabilizing
agents to enable for bulky and/or strongly ionic substrates to penetrate cell walls. This is
especially useful for gram-negative bacteria like E. coli. Some enzymes are secreted into

the media (i.e. if expressed in gram-positive bacteria like bacillus with an appropriate

1~
wn

signal sequence) in which case no extra treatment is necessary.

In some cases, the enzyme of interest is purified on a purification resin,
and the substrate added to the purified proteins. The protein purification step eliminates
sample preparation steps noted below (e.g., see C). However, protein purification
methods are typically used for single enzyme evolutions and are not as often for pathway
30 evolution.

Initiation of product formation can also be achieved by inoculating the

bactenial culture into a different medium. In the above cases, initiation of product
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ADP is an environnental ly sound way of cleaning up contam nated sites. In
order to be economcally conpetitive, an increase of the wild typg AUG 2003
activity of the atzA gene was desirable, The at--A gene was cloned into a
“pUC-deri vedoweasgegy under the control of a lac pronoter, and the vector
transformed into E. coli TG 1. The expression of the gene VIUP0PI8EF essed
i n presence of glucose and i nduced with isopropyl thiogalactose (IPTG. The
plasm d al so contained the gene for Kananycin resistance. Library

const r ucferonrtians reeformgd ow parTihe fshioh qgenizrovass Mgt fd edin 206l 383 Wi ti al
library plated onto Kananmycin / 20 2% gl ucose plates. A robotic col ony

pi cker (%’B@?, Cenetix) picked all colonies into a mcrotiter plate of 96
wel I's containing 2XYT (100 L) nmediumw th kananycin and 2% gl ucose per
well. The cells were grown in a specially designed shaker for mcrotiter

pl at es (Kuehner, Shi Ofétihepatalic pusiicaloowd nmilgletfrort béolsgicuirmbtde cul t ures

wer e giluted 20- faold into 2XYT (t%lOO L .W%t_h Kananycin and PTG to initiate
expr edsi on and gr owACEE SFAFR! BEARPENYhigh Injluepce quanipative detsghemielaon Cel | s
wer e har yes{teth Pynacesidcirbmeat, | - | 0t - . um
acetate (lohm\_/l pH 7§E 5.tL i)f%e%%gbgﬁggﬂ@gﬁsgcdmgr@a%?g%f% re ilﬁto a
30 react MrinatEx| Adsonmdshinsgirarogerstate shsitieaatsiromebufthararshothygtalazi ne (100
ftM and,ar [ acetate (10 H 7).. The reaction proceeded for 6 hours
at room d%gg[%grfg'{ﬁuap @ﬁﬂﬁa@ﬁé %ngf\ganét)"o?ﬁ ‘PH@%“‘?’%&‘-‘ gndppcrgmolggeleg likhiched by

addi ng aDNXjueprotevifdl ivTRe MhtriXR2A §A Mo b +QRickdn inTsI\?/%a‘?@Hi 'fr?sd’n’?@&fs@;SQB m xt ur e
was transferred onto a filter 39 1 1 AUG 2003 00/ 48004 PCT/ USOO 03686

pl at &0 anefogsipe sbiticdnadiine. ddistafere ssanppy dednpptinoien banwbicadl by filtration. The
sanples were inje ol Lnto the el ectrospray Ss spectroneter by
flow i njection andﬂe;fna @?gg%%&é : %R%@%eﬁea%elganfﬂé’&ﬁﬁ)‘ﬂféfigﬁ?“a MS/ M5 net hod
devel oprembmatogaiphy icolunef prior idvintlodddihg thehlind @k Michide eigkds prepared and
used to devel op 8 M5/ M5 met hod on a triple quadruple mass spectromneter
(Fi nni gafr98aE0ogEeny compied with mass speesremssry (REAVIShista idedul Witydoclshn i si on
ener gy Wasdselmdi& - T ILt1Qn. z = 2 G.Eaent ion) to mz
=174 (daught er él%n)ﬁgggvcr’l%&n%(ﬁﬁﬁﬁrr %%8? lsrgéeccgsﬁw%' ijml E%g]eép%dg‘#d B).

15 sample analysis. Flow injection analysis (FIA) is typically rate dependent on the speed of

the autosampler, which in current formats ranges from about 30 to about 40 seconds per
injection and which is getting faster as newer models of autosamplers are manufactured.
Sample preparation for FIA takes into account steps from reaction with
cells to introduction to the mass spectrometer. One factor is to adjust reaction conditions
20 for product formation to accommodate MS compatibility without compromising
screening quality. Reaction conditions are typically as close as possible to the target
environmental conditions under which these enzymes are used, in order (o ensure that the
screen is meaningful. These conditions are project dependent. Once the conditions are
defined, further sample cleanup is often beneficial. Effective sample cleanup is
25 dependent on the physico-chemical nature of the analyte as well as the matrix.
Several strategies are used to accommodate a variety of different analytes
in various biological matrices. A few of these strategies are provided below.
As noted above in Example 1, small molecule substrates with hvdrophobic
moieties like atrazine penetrate into the E. coli cytoplasm without lysis. Using a volatile
30 buffer such as ammonium acetate allowed very simple cleanup. Substrate was added and

cell debris filtered off in a parallel fashion.




M5/ M5 anal ysis Figure 3 shows results of a typical plate of 96 3aﬂﬁﬁﬁf'
Each row contains twelve different reaction conditions with varl 2003
mut ants that were reproduced across the 15 eight colums. A periodical
pattern of WPP048MKs s clearly visible. Bacterial cell growW@&T/USH®3ER6i on
‘and sanpl e workup were perfornmed in parallel fashion as described above.
Materials Ammoni um acetate, glucose and | PTG and Kananyci n were purchased
20 from Sigma. 2XYTsARMipdFe MRS icRAREIRtvARE 68 A ddbyBRIIRRIng Wetal Fritsch,
E. F. & Maniatis, T.: Ml eécular Coning, A Laboratory Mnual. Cold Spring
Har bor LabwosaRacion Paffers weeSghos ©rredyce éhe gingerisatioprof ¢erli¢ SRRCIRAA 2ner e

sterile flat-bottomshallow well plates, from p Reactions were
per f or med "'HTYE B I‘heCfSE‘["HV"R)%BI“%{)VPeOHgd Qyﬁg@%%g’gqhgp%es%gmﬁ lter plates
were from M| 1i poreoh¥obhcRariiahM i RPees cldmeEb3Temevidg abiighicispécesalRigt
screening for directed evolution of enzymes and pat hways usig? mass
spect r bedmyxe¢d igh exphraogghgsit B neerine a¢llssér e@/ni e orrtialy yrped resdlcdebns

spect gn cxr0ggrpin Shahe srlsdér e Ohs
uni ver ai DREE Bt PRI ErRGURS ob N wiaP S LA b BRI bbb, Ce”

identification of apyardphebicaiol@iganike pablkedtdseyere exgaciedRspdthoaquesss to
charge ratio. Electrospray ionization is a mld nethod of transferring
char ged pehase byrageamicsatpinis which alse was HeeffjsisnipRaded hirmpsiallagpice for nost
bi ol ogically rel evant organic nolecules. 40 1 1 AUG 2003 WO 00/ 48004
PCTIUSOO/ﬁgéggmﬁNA shuffling technology is used to create a library of

rel at gd gene sequegapldfigparainods wopyded plocedsdts samiphdsya paatiehinaal
reactions. The library of related gene sequences are, &%ﬂ&@gn | asmi ds

that are highhstwemaigd famipnpiEtedy CASITREIhAADT fFreeingsidtigh e PIGFN Mone
carries ayn,due,A8NE SEMUERSR i ORI RISILAG AN que variant of a5
particul ar enzyne or enzyne ‘pat hway, al though many ot her shuffling formats
are also suitable. Figure 4 describes the steps that are typically used to

nonitor enzyne reactions by mass ]sg,ectr netry froma single bacterial
col ony. 10 D: Flow-injection analysis on electrospray tandem mass Spectrometer

15 Triple quadrupole mass spectrometers allow MS/MS analysis of samples.

The machine can be set to let one particular parent ion through the first quadrupole which
undergoes tragmentation reactions with an inert gas. The most prominent daughter ion
can then be singled out in the third quadrupole. This method creates two checkpoints for
analyte identification. The particle detected has the correct molecular mass to charge

20  ratio for both the parent and daughter ion. Tandem mass spectrometry thus leads to
higher specificity and often also to a higher signal: noise ratio. It also introduced further
separation by distinguishing analyte from impurities with same mass to charge ratio.

Flow injection analysis of off-line purified samples using tandem mass

spectrometry allowed sample analysis of about 100 samples or more in less than one

25 hour. The throughput limitations were set by the nature of sequential analysis of the mass
spectrometer as opposed to parallel analysis of other detection methods (i.e. UV/VIS

spectrometers). Sample introduction to the machine was the rate himiting step.

Although the foregoing invention has been described in some detail by
30  way of illustration and example for purposes of clarity of understanding, it will be readity

apparent to those of ordinary skill in the art in light of the teachings of this invention that

certain changes and modifications may be made thereto without departing from the spirit




15 A: Single colony picking and growh in 96 or 384 well format SL?@kF 03
colonies are picked directly fromtransformation plates into 381 20
96-well mcrotiter plates with appropriate growh nedia using the Q bot
from Genewopo/dsddye naxi num speed of the Q bot is about 4002 @U ﬁ‘%’gﬁ per
hour. The mcrotiter plates are incubated in a special pl FLLS for
cell growth. B: Product generation using whole cells, cell lysis or
purified enzymes Each single colony was grown up in a single mcrotiter

wel | to drridgy ofithy aggeildedeninty, €Al Batehd, SRR applicdlibi L LRNbulRYSodLilei ti at e
product formation. |If enzyme expression is purposely suppressed during

cel | gr dWEHD afghinedrppeatesbimptef avence de Hieiradtiesty f@Gllepyspasssi on can be i nduced by
renovi ng the suppressor or adding activator nolecules. Cells that contain
active enzynmes are |lysed or treated with perneabilizing agents to enable
for bul ky and/or strongly ionic substrates to penetrate cell walls. This is
especially useful for gramnegative bacteria like E. coli. Sone enzynes are
secreted into the nedia (i.e. if expressed in grampositive bacteria |like
bacillus with an appropriate 25 signal sequence) in which case no extra
treatnment is necessary. In sone cases, the enzynme of interest is purified
on a purification resin, and the substrate added to the purified proteins.
The protein purification step elimnates sanple preparation steps noted
bel ow (e.g., see Q However, protein purification nethods are typically
used for single enzyne evolutions and are not as often for pathway 30
evolution. Initiation of product formation can al so be achi eved by
inoculating the bacterial culture into a different medium In the above
cases, initiation of product 41 1 1 AUG 2003 WO 00/ 48004 PCT/ US00/ 03686
formation is perfornmed in a parallel fashion on mcrotiter plates, e.g., in
a 96 or 384 well format. C Of-line parallel purification of anal to from
biological matrix 5 There are at | east two factors which influence
guantitative detection of an analyte in a mass spectroneter. The signa

can be suppressed or masked by inpurities in the matrix. Al so, nass
spectroneters are sensitive instrunents that are not typically designed
for handling crude sanples. Strongly ionic buffers and nacronol ecul es |ike
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DNA or proteins in the matrix can lead to a reduction in signal and in sone
cases to 10 cloggi ng of the machine. Therefore, sanple cleanup ilsl &G 003
beneficial. Traditionally, crude sanples were cleaned on a |liquid phase
chr omat ogr aphy colum prior to introducing theminto the machine. Liquid
chr omat ogr aphy conbi ned with mass spectronetry (LG MS) is a useful way to
cl ean crude sanples. However, each qaAamgsrun is tinme consumng, limting

t he speed of 15 sanple analysis. Flowinjection analysis (FIA) is typically
rate dependent on the speed of the autosanpler, which in current formats

Got ting 1 ast or - ancinod B oihict RPN ARR T hnes sBkES e pEE BRSS! ¢

pr epar at i omethod cemprisinges i nto account steps fromreaction with cells to

i ntroduction to.)éhe nagﬁ. s&pectrorret er, One factor is to adjust reaction
condi tions 20 ¥hr % 9n,9tm0r fell(e) commsisBdeaeae librasnpat i bi i ty

W t hout conprongigi ng q,ﬁ,ﬁmgagegpﬁb} )] | ipions are typically
as cl ose as possi bl egrtéo the target _%nvﬁ?%ﬁffrwgﬂl nso_“u 0(5 whi ch

t hese enzy?@_ﬁfawdé‘loweﬂ?ﬂtﬁ eoIopreing 4 bbrarysefigent bgredsivm productgn i s nmeani ngf ul .
further sanpl o Gbariil P uEsrraRe SERBRIias e Tonrr Bt vpamisRERSPERALp | o 25
dependent withhinefmmeqjam}e{:mm(gﬁbns@wﬁ,e of the analyte as well as the
matri x. Several stratggri es are used to ac%&mmdate ahéariety of different
anal ytes in vari ousWh¢reindhe non-columpiseparated componshts linwe sobundgtgege es ar e
provi ded i@W. As noted above in Exanple 1, small nol ecul e substrates with
hydr ophobic noieties |ike atrazine penetrate into the E. coli cytoplasm

wi t hout |ysis. dgpamaomon elchtonmatograthylwohingt; such as ammoni um acetate al | owed

very sinple cleanup.. Supstrate . added and cell debris filtered off in a
paral |l el fashi oﬁ{'} 42“@"%“3@5%%35@ 89 aspstmediram stspdriisews Sl |

i norgani c ion awgl ytesforif m@_%mm@ggﬁgg%ggﬁr%%hﬂg ons.

Reaction buffers were chosen to reduce t ent oni c species

to a ni nifReRFomeisy emthepurificd samplestoi dstest thepossencenf onabi owirccamminenye

2T ! | 2 o .
Loing 5 oPRBRERH R AMAE ol Ented NS talP s PRV RE k) picigp” e ©°
partial | y inpssegectromdtrydiebsehing of B¥AdrRA nivre temporieRPof interé®, Wer e preci pi t at ed

wi th et hanol and rermvedié?}g filtration. Hydrophobic nolecules |ike
pol yketi des were ext VAETEWdhs PRmriAere sqmpanent of interest is from the one or more

cell(s).

2. The method of claim 1, wherein step (ii) occurs simultaneously with
step (iii).

3. The method of claims 1 or 2, wherein at least about 100 samples are

screened for presence of the one or more component of interest in less than an hour,

4. The methed of claim 1, wherein at least about 200 samples are

screened for presence of the one or more component of interest in less than an hour.

5. The method of claim 1, wherein at least about 500 non-column-
separated samples are screened for presence of the one or more component of interest

in less than an hour.
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phase by organi c solvents, which also was an efficient method to renove all
ionic inpurities. 10 Sanple preparation was adopted to process 96] SU12083
in parallel in a highly autonated fashion, thereby ensuring that the
screening rate was only dependent on the speed of sequential analysis in
the mass spectroneter. D. Flowinjection analysis on el ectrospray tandem

mass spectromet®r 15THa inpthed qiieldiny Pokkeréin 351eaR6bEOTBD QhrfipRb haw MS/ M5
anal ysi s of saga)ke maéhi ne can be set to |l et one particul ar parent

. _The
i on t hr ough qff“gﬁpr&i%la?a {Be ey mAre compene of intergsfrin abautilalayr eact i ons
with an inert gas. The nost prom nent daughter ion can then be singled out
in the third quadrupole. This nethod creates two checkpoints for analyte
i denti fication.7.The Parmetbbé ofielhiat 1 sehdrein shid pueibfing 6he iahéeHoal NBSS t O
charge 20 I or..both the parent apd daughtegr ion. Tandem nmass
spect r omet é@y?ﬁﬁ%palr%tﬁ‘ggmfp o8 ps E%E’&“fqgcﬁgwl%ﬁ agolatile bufles, 4 bufferhi gher
si gnal : nothsereddes Gondehtr@l onfiidHiE GRS tanf ibh EMangesl%Qﬁ]lr&ti;Ip% Mic
di stinguishing analyte frominpurities with sane"nmass’ fo ¢ §rge ratio. Flow
i njection %‘éﬂn&si s of off-line purified sanples using tandem nmass
spectronmetry all owed sanpl e anal ysis of about 100 sanples or nore in |ess
than one 25 hour. The throughput limtations were set by the nature of
sequential anal§si s Hie mithodrapdlains peskidrefticion ol MRRASRHatb® sBASIA | €|
anal ysi s of other gFt ection methods (i.e. W/ VIS spectroneters). Sanple
i nt r oduct i SAEE CHEDSRE ne was the rate limiting step. Although the
foregoing i nvention has been described in sone detail by 30 way of
illustration and exanple for purposes of clarity of understanding, it wll
be readily applrentTheomethod of dhinpl dwiaein tlskore orimmort bempotient of integést of t he
t eachi ngs Qf Lelnvention that. certain changes.and nodjfications nmay be
made t her el Selémaﬁgﬁ{“ @%E‘é"ﬂ‘?i‘:ﬂﬁﬂ’l‘%ﬂ?ﬁi’é"‘glﬁf # Protgin bindngymeleswlsc wo 00/ 48004
PCT/ US00/ Ocithydfats; a@mboljdrafedindiReRidedule] #piductAflan RALERE SatalpAddent
applications, and publications cited herein are incorporated by reference

in their fGtHoBs ymueipicarid, #dgproduct of 4 nyclgic acid cadwzedirguckiBn.l. A net hod of

perform ng high throughput nmass spectronetry screening, the

10.  The method of claim 1, wherein the one or more component of interest

is selected from: an enzyme, an enzyme substrate, and an enzyme product. -

11.  The method of claim 1, wherein the component of interest is selected
from: a substrate with one or more hydrophobic moieties, an inorganic ion, an

oligosaccharide, 2 hydrophobic molecule, atrazine, and a polyketide,

12, The method of claim 1, wherein purifying the non-column-separated

samples comprises attaching the library of expression products to a solid support.

13.  The method of claim 12, wherein the library of expression products
comprises a library of enzymes, which enzymes each comprise a tag moiety, and

wherein the solid support comprises a tag binding moiety.

14.  The method of claim 13, wherein the tag moiety comprises biotin,
avidin, or streptavidin and the tag binding moiety comprises biotin, avidin, or

streptavidin.
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met hod conprising: (i) providing one or nore cell(s) conprising 1 aﬁge
library; (ii) growng the one or nore cell(s) in vitro thereby ]Jro im_’m
non-col um separated conponents conprising a |ibrary of gene expression
products; (iii) purifying sanples conprising the non-col um-separated
components wth an off-line parallel purification system wherein the

non- col um- separ &t ed The metndnif slaia e wherein e 6AG o doffpoR &R ¥ AltbRR ON 2
chr omat ogr@&gé.%ol um; ﬁ;\{r} injecting the purified sanpl'es generated from
step (iii);  and (PrYpasisiaieagd prosiet of amenponaticrasgpionsthe susthpdefugther ospr ay

t andem massompidifd sia{hA i 4 1 etect the presence of
one or nore cip_)rrponent o?‘buiglgtqglrﬁkgg%%t %fsg%léﬁlgﬁhgiﬁﬂsﬁﬁg?é%%zmharge ratio
data and pFd¢id ang the eprymtersubsftabeit nass spectronetry screening of the one
or nore conponent of interest, wherein the one or nore conponent of
interest is fromthe one or nore cell(s). 2. The nethod of claim1, wherein
step (ii) occur $6.5i NThé meaRdoF Viaith t hwh&kRibetfolrhi ﬂ%wigﬁl%tiggtaﬂﬁ 9f claims 1
or 2, wherei.n at | east about 100 sanples are scFeene or presence of the
one or nor 'éS‘%%ﬁ?fF@HfaYdanem BRSSpetipNetysonpasesyrerfooning aimefibd net hod of
claiml, wggded . es _are screened for presence of

t he one or noc?ég]%%hrrpdéeﬁ%%p g@l&’?ﬂ] é(raglsl rgﬁlqsﬁg@sﬁﬁ?meq%ﬂ}qp@? t19% net hod
of cl ai m 1maggrpeetrometty.| east about 500 non-col unm- separated sanpl es are
screened for presence of the one or nore conponent of interest in |ess
than an hour. 45 11AUG003 6. The nmethod of claim 1, wherein at |east about

1000 sanpl es arg7, SCTRE r C onent of
interest in about 1 day@egl.oa%ﬁ‘eﬁa{rirlgtlﬁ’oﬁ)ﬁ@?ﬁgﬁggﬂnf?ﬁﬁingheﬁgu#zgiﬁ%%i fying
one or nor PeREPMEEL P parsphioneads speetbmstry onp tiisle guapdrnpele masg step (iii)
in a volatilg Aylfer. a buffer that reduces concentration of ionic

speci es, an 1on exchange resin, or an organic solvent. 8. The nethod of

claim1l1, wherein the non-col um-separated sanples

18.  The method of claim 17, whetein performing the neutral loss mass
spectrometry comprises:

(a) scanning the one or more component of interest in a first quadrupole at
a specified mass range;

(b)  fragmenting the one or more component of interest in a second
quadrupole by collision induced dissociation, thereby producing one or more neutral
fragments and one or more daughter ion; and,

(c) detecting the one or more daughter ion.

19.  The method of claim 17, wherein performing the parent ion mass
spectrometry comprises:

() scanning the one or more component of interest in a first quadrupole;

(b) fragmenting the one or more component of interest in a second
quadrupole by collision induced dissociation; and,

{c) scanning a third quadrupole at a specified mass.

20.  The method of claim 1, wherein purifying comprises centrifugation.

21.  The method of claim 1, wherein purifying comprises filtration.,
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conprise cell lysate. 9. The nethod of claim1l, wherein the one or nore
conponent of interest 1is selected fromthe group consisting of1q ngtgmn,
a protein binding nolecule, a carbohydrate, a carbohydrate binding

nol ecul e, a product of an enzynme catalyzed reaction, a nucleic acid, and a
product of a nucleic acid catalyzed reaction. 10. The nethod of claim1,

wherein the one2br nDlememord onNelaim Of whérbiatBSEf-17ns R@qhﬁgﬁﬁ%%%{i&{n an enzyne,

an enzyme substrate, and an enzyne product. 11. T claim1l,

wher ei n t h&YSEBhFBRRIIES 89 19nfixehange rgsin.sel ected from a substrate with one
or nore hydrophobic noieties, an inorganic ion, an oligosaccharide, a

hydr ophobi ¢ nol ecul e, atrazine, and a pol yketide. 12. The nethod of claim
1, wherein puri23i ngThdmethod of dbigih-wlesreinakicstt-1ina priafsl RGeS attaching
t he Iibrar%ﬁpf eﬁgresshon gr.odugts to a solid support. '13. The net hod of
claim 12, WREPETHPRIES thegddition of angreanic splyantie the samwle. conpri ses a i brary
of enzynmes, which enzynes each conprise a tag noiety, and wherein the
solid support conprises a tag binding noiety. 14. The nethod of claim 13,
wher ei n the t ag?4i efle wethpd oEelainbi ovherein thevofliling pamllsitpugificatiodi N and t he
tag bi ndi i [ 1S biotin., avidin, or streptavidin. 46 11AUG003
1 5. The ;%Fﬁg{d&ﬁm%?g?ﬁ?hffﬁ‘%%?’%ﬁaﬁﬁ?$@a ne or nore conponent of interest
conpri se enzynme substrate and product of an enzymatic reaction, the nethod
further conprising sinultaneously quantifying the amount of the product of
an enzyne reaction ahif me@odaLsiam Lupkareinan autbeatitisamplet tramspofts ¢l ai m 1,

wher ei n peg ' 0] ' [ ' el ectrospr andem nmass
Spoct oot P (R WGHEARE Bkl BB REER Sl Bk B B TR JhEL
consi st i ngnsttioreand aalysizss amas sf siieast 1 00 iniplessanchopar ent i on  nass
spectronmetry. 17. The nethod of claim 16, conprising performng the neutral
| oss mass spectronetry or the parent ion nass spectronetry on a triple
quadr upol e Mass6. SPETHd MEMbE b clif 1,Wﬁ‘er8iﬁtsh9C109‘imﬁJcalumrﬂs%p?§ﬁ§bﬁr ein
perform ng the neutral |oss nmass spectronmetry conprises: (a) scanning the
one or norEmpissheeniebbefpretnsriorning floav-injection qualpsisipshg elattrospray

tandem mass spectrometry.

27.  The method of claim 1, wherein the nuu-volunu separated samples.

comprise whole cells.

28. A method of performing high throughput mass spectrometry screening,
the method comprising:
(i) providing one of more cell(s) comprising a gene library,
wherein the gene library encodes an enzyme library;
(ii) growing the one or more cell(s) in vitro thereby providing non-column-
separated components comprising an enzyme library;
(i)  purifying the samples comprising the non-column-separated
components with an off-line parallel purification system,
wherein the purified non-column-separated components have not
undergone prior separation on a chromatography column;
(iv)  contacting the purified samples generated from step (iii) with an
enzyme substrate to provide purified samples comprising a product of an enzymatic

reaction;
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a specified mass range; (b) fragnenting the one or nore conponent of
interest in a second quadrupole by collision induced dissociatijop, ANSE08PY
produci ng one or nore neutral fragnments and one or nore daughter ion; and,
(c) detecting the one or nore daughter ion. 19. The nethod of claim 17,
wherein performng the parent ion nmass spectronmetry conprises: (a)

scanning the on@)or imuceing HERRREBA s@fipledddtiising ﬂleﬁrJ(qutS&faﬂLéggy’rH% e, (b)
n

fragnenti n%ﬂt he .one or nore conponent of interest in a seco guadr upol e
by col | i si GACHMIBOAMmAIsspedometBhandand, (c) scanning a third quadrupol e at

centri fugati on. CUa1. PpamEEEROleShiBhch SRS ushR B Soh edom haSpr | oo
filtrati onspedyometty pBe0cified Samlbethardorgsdise prozhuai dlah en?iRAtRI Radtitm, Of f- 11 ne
par al | el pfﬁHe{). g ta'{ on s stegg@gong,i ses an ion_ exchange resin. 23. The

met hod of crarm 12 Welarsior fargs yatipdata apd peqvidipg pighi throyghpus mass y st em

conpri ses spsetr@fétty scpéenitg 8AREOBE bfes ?6? Bhe Bfmhpa%o b of fiteredine MMet hod

of claim1, wherein the off-line parallel purificatio system cofrpri ses a
sol i d phase extract i Wherpingdheono® matecompohrnt obinterbstiswelectedfesrithie an
automati c %@{Hgl er transports sanples fromthe off-line parallel
purification systemto the nmass spectroneter for injection and anal ysis at

a rate of at Imﬁisﬁﬁ@oﬁtﬁ&ﬁhﬁ&nmbmimgﬁod{m%fag £ rEdcfibi) ghd Wher ein

5 to 100 non-col um separate sanpl es are pool ed before performng
flowinject on anal ysis using el ectrospray tandem mass spectronetry. 27.
The net hod of q&@&gk;, wherei n the non-col um separated sanples conprise
whol e cells. 28. A nethod of perform ng high throughput nmass spectronetry
screening, the nmethod conprising: (i) providing one or nore cell(s)

conprising a | ihrar rein.the gene |jbrary encodes an enzyme
i EP ary: ?i i )g?rbgvm n@"‘t‘ﬂéﬂ‘Bﬂ\é@M&éﬂaﬁé&P&? Q%ORPP%ISrSanFmeeWY W’é\/iydi ng

non- col unmstep (iii), and wherein said one or more cell is alive during step (iii).

30.  The method of claim 28, wherein at least about 100 samples are

screened for presence of the one or more component of interest in less than an hour.

31.  The method of claim 28, wherein at least about 200 samples are

screened for presence of the one or more component of interest in less than an hour.

32. The method of claim 28, wherein at least about 500 samples are

screened for presence of the one or more component of interest in less than an hour.

33. The method of ¢laim 28, wherein at least about 1000 samples are

screened for the presence of the one or more component of interest in about 1 day.

34.  The method of claim 28, wherein the non-column-separated samples

comprise cell lysate.

3s. The method of claim 28, wherein the non-column-separated samples

comprise whole cells.
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separ at ed conponents conprising an enzyne library; (iii) purifying the
sanpl es conprising the non-col um-separated conponents with an Pf1f Apgn?ﬂw
paral l el purification system wherein the purified non-colum-separated
conponents have not undergone prior separation on a chromatography col um;
(iv) contacting the purified sanples generated fromstep (iii) with an

enzynme substrat#.to Preomettied pficlhiit 28] viifidth PeriGaiEthe ibRdoRnPL QPkGtedof an
enzymati c sah® ction:. 48 1 1 AUG 2003 gv) injecting the purified sanples
conpri si ng™fIRESS sPBEHises ataching the sprame brapkioc sobid sippast.a nass spect ronet er ;
and (vi) performng flowinjection analysis using el ectrospray tandem nass
spectronetry on the purified sanples that conprise product of an enzymatic
reaction, ther¥by obteanethodofielsisr 36 -whehsn gachrenizirae ikotha LidRdy Birther di ng hi gh

t hr oughput r.onet r creening. .to detect the presence of one or
more conponemt 8§§|{%§§’i°rlg¥ﬁn¥m€‘?ﬁlpﬁgﬁ? d SHEPQS} cqmprises. g of i nterest
i s sel ect edoietyom t he group consisting of the enzyne substrate, the product

of an enzymatic reaction, and an enzyne. 29. The nethod of claim 28,
wherein step (ii) occurs sinmultaneously with step (iii), and wherein said

one or nore celdg i s i } L1 ). .30. The nethod, of. cl ai m 28,
wherein at | easjt& abollajﬂtel%%ngé#}}%gg&g&g&é&%etﬁ%ﬁmfe& CUPRRERLIPMDY t he one or
nor e conpovedin, wfstrepteedinsndithe tag binditpunoRey SapriseSBiotin)wvidmdtod of claim

28, wherein a% l.east about 200 sanples are screened for presence of the

one or nor% ent of interest in less than an hour. 32. The net hod of

claim 28, wherein at |east about 500 sanples are screened for presence of
the one or nore conponent of interest in less than an hour. 33. The method
of claim 28, wh ei nfhetmethod of clhiou?s, Wieeeis thepineor atore campaentof f or t he

presence . [ opent of interest in about 1 day. 34. The
nmet hod of qjéﬁegigﬁ%: 8@ S\%/%]}aﬂrggﬁn%yl'ﬁ%% Ee@Bﬁ&?ﬁBfgg‘Ein?‘éﬁﬂ%}?ﬁFé%acﬂ%%ﬁ%i se cel |l
lys alt e. 3Smethibdfirthichasingrising dinlt2seousth QuhtiTyind eh' RAowH lof He-predit 8f ed

sanpl es an enzyme reaction and the enzyme substrate.

40. The method of claim 28, wherein performing flow injection analysis
using electrospray tandemn mass spectrometry comprises performing a inethod
selected from the group consisting of neutral loss mass spectrometry and parent ion

mass spectrometry,

41.  The method of claim 40, comprising performing the neutral loss mass
spectrometry or the parent ion mass spectrometry on a triple quadrupole mass

spectrometer.

42,  The method of claim 41, wherein performing the neutral loss mass
spectrometry comprises:

(a) scanning the one or more component of interest in a first quadrupole at
a specified mass range;

(®) fragmenting the one or more component of interest in a second
quadrupole by collision induced dissociation, thereby producing one or more neutral
fragments and one or more daughter ion; and,

(c) - detecting the one or more daughter ion.
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conprise whole cells. 49 1 1 AUG 2003 36. The nethod of claim 28, wherein
purifying the non-col um-separated sanples conprises attachi ng1t1héUSn2m39
library to a solid support. 37. The nmethod of claim 36, wherein each enzyne
in the library further conprises a tag noiety, and wherein the solid
support conprises a tag binding noiety. 38. The nethod of claim 37,

wherei n the tag4¥oi eThe metipd iof elaink 40} whereinPéiBirfling Me Pr&f RGPYRA N and the
tag bi ndi n%?en%tﬁé,co rises biotin, avidin, or sStreptavidin. 39. The
met hod of &1&l ¢ ¥Fn the one or nore component of interest

conprises the e stﬁﬁéﬂf&t‘ﬁ‘e%?ﬁ‘&fé‘@mﬂ%&gﬁfy%fﬁﬁ%P?fﬁnﬁlépﬁt ic reaction,

the method further conprising sinultaneous gquan nt of the
product of an @hzyniagmenting the enecbrinere eompomkens obiaterat t a é2ondhe net hod of

cl ai m 28, ' ferm ng flow injection analysis using el ectrospray

t andem masi spgggbrlgﬁrréqtlﬁs;}o E‘ﬁﬂ?‘idéiév%s“ He%2R8ng a nethod selected fromthe
group consi sti n@)of mmﬁﬁﬁhﬂiiﬁﬁ@mﬂﬁﬁa‘élesﬁ%%bwﬂ@&ﬁﬁssand parent ion nmass
spectronmetry. 41. The nethod of claim40, conprising perforning the neutral

| oss mass spectronetry or the parent ion nmass spectronmetry on a triple

guadr upol e massgq Sp . he, net hod.of claim4l, wherein
perforning the 4rfléut (regl?er g@?ﬁ%&‘%%&‘f‘ﬁ%ﬂ@%@%ﬁ%&%?% 88@%hni ng t he
one or nore conponent of interest in a first quadrupole at a specified
mass range; (b),fra ntiqﬂg tge _onﬁ or nore conponent of interest in a
second quadrupdle gﬁ%’cIBF d phelaim, 28, herein oy fiing ¢amprises Siteionpr oduci ng one
or nore neutral fragnents and one or nore daughter ion; and, (c) -
detecting the one or _nore daughter ion. 50 1 1 AUG 2003 43. The met hod of
cl ai m 41, wher etth peFheonethod of ¢tlainp28,cvlteréin thewsfédine pmatiélrpumificatyorconpr i ses:

system comprises an ion exchange resin.

47.  The method of claim 28, wherein the off-line parallel purification

system comprises the addition of an organic solvent to the sample.

48. .. The method of claim 28, wherein the off-line parallel purification

system comprises a solid phase extraction plate.

49.  The method of claim 28, wherein an automatic sampler transports
samples from the off-line parallel purification system to the mass spectrometer for

injection and analysis at a rate of at least 100 samples an hour.

50.  The method of claim 28, wherein 5 to 100 samples are pooled before
performing flow-injection analysis using electrospray tandem mass spectrometry.

51. A method of performing high throughput mass spectrometry screening,
the method comprising;:
(i) providing one or more cell comprising a gene library,
wherein the gene library encodes an enzyme library;

(ii)  growing the one or more cell in vitro to provide an enzyme library;
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(a) scanning the one or nore conponent of interest in a first quadrupole;
(b) fragmenting the one or nore conponent of interest in a secopd AUG 2003
guadrupol e by collision induced dissociation; and, (c) scanning a third
guadrupol e at a specified mass. 44. The nmethod of claim 28, wherein
purifying conprises centrifugation. 45. The nethod of claim 28, wherein

purifying conpriilibs ¢antacting therenzyde lifiaey withhadngfmehmsiatd therajer ei n t he
of f-1ine pﬁ{oglcﬁxféano%% ficati on 4 S stem conprises an i on exchange resin. 47.
The nethod of cl&aim %‘f‘“ﬂﬁ@aé?ﬁdﬁapwtﬂwmnﬂagme Pdrpredusaof an  system
conpri ses ¢nrgmatdidacdsh;of an organi c solvent to the sanple. 48. The net hod
of claim28, wherein the off-line parallel purification systemconprises a
sol i d phase ext Wt | i fpingsamples comprising themdn eblupkrpsepatied cofregonkits an
automati ¢ &aRR) Sk . les fromthe off-line parallel

Bt ﬁl‘f&%@ﬁf ﬁlfnﬁc%ﬁg%gycsf

purification systemto e’ nmass Pneter for | njection and anal ysis at

a rate of at |east IlWhersiani¢ ron-esluMfieparkied ca'rhﬁ?ﬁ&ishﬁ% abt laRigBng8. Wwherein

5 to 100 sampl es are pool ed before performng flowinjection analysis

usi ng el ec?rlld'spray tandem mass spectronetry. 51. A nethod of performng
hi gh thr oughpulsepRadion B chRIdrGBRAMI0. | Lhe method comprising: (i)
providing one or nore cell conp INg a géne library, wherein the gene
library encodes(Van einjepting thelputifipd sqmplys intcoainags spb&trotiderbndior e cel | in
vitro to provide.,an enzynme |ibrary:, 51 1 AUG 2003 (iii) contacting the
enzyne |ibrar yd®)t h paeﬁgoéﬂ %’HB%“FPB@W?@P@B& elepirespray; tagdem mass

non- col unmspsetpameéttyesh the PRARSHSAnfe Rek by UbtfRA '?Efas@-miclﬁl&gémﬁ& difa A8
enzymatic reactiaon; (iv) purifying sanples conprising t

non- col unmPre¥gineighy Wemass spegtiometty sofekning fier preseatd eff oneorinidre at i on
system W\ﬁfn?ﬂoﬂeﬁtfb‘?iﬁl%'tcm ume- separ at ed conponents have not under gone
prior separation on a chfonmatography columm; (v) injecting the purified

sanpl es into a nmass whereintheredmgonenrst intexds) isReleéted Fofhé kRpidBhEsingON
anal ysi s uc;stj ng el ectrospray tandem nass

the enzyme substrate, the product of an enzymatic reaction, and an enzyme.

. 52. . The method of claim 51, wherein at least about 100 samples are

screened for presence of the one or more component of interest in less than an hour.

53.  The method of claim 51, wherein at least about 200 samples are

screened for presence of the one or more component of interest in less than an hour.

54.  The method of claim 51, wherein at least about 500 samples are

screened for presence of the one or more component of interest in less than an hour.

55. The method of claim 51, wherein at least about 1000 samples are

screened for the presence of the one or more component of interest in about 1 day.

56.  The method of claim 51, wherein the non-column-separated samples

comprise cell lysate.

57.  The method of claim 51, wherein the non-column-separated samples

comprise whole cells.

52




spectronmetry on the purified sanples, thereby obtaining nmass-to;ch e
rati o data and providing high throughput nass spectronetry scréénﬁpg QWH
presence of one or nore conponent of interest, wherein the conponent of
interest is selected fromthe group consisting of the enzyne substrate, the
product of an enzymatic reaction, and an enzyne. 52. The. nethod of claim
51, wherein at |east about 100 sanples are screened for presence of the

one or nobre co nen nterest i.n less than.an _hour. 53. The nethod of
clai m51, wher g?sl’)l at ﬁTéé;é"se 0388?1@“’?68’WP@&“QF%%t}@é\OE@ﬁmﬁﬂpam@sence of

the one or samples coqpiseesttaching it @Sk Libfiry R5Ssdild hour. 54. The nethod
of claim51, wherein at |east about SOO%rrpl es Zérﬁgﬁ&g'creened for presence

of the one or nore conponent of interest in |less than an hour. 55. The

met hod of clai niy®l, yhehel out 1000 sanples are screened for
the presence of the one girhg‘rjrgg(é&?gﬁ%on Sy 8¢ W@é‘i‘ﬁ}eﬂl Ly frthergay . 56.

The net hodcamprisesa mganqiemmewmmhah@mmc?ﬁpmc&g@egwgh BiadRges conprise
cel | Iysatﬁ:ﬂ,)ic . The nethod of claimb51, erein the non-col um- separ at ed
sanpl es conpri'se whole cells. 52 1 1 AUG 2003 58. The nethod of claim51,
wherein purifying the non-col um-separated sanples conprises attaching the
enzyne library to a solid support. 59. The nmethod of claim58, wherein each
enzyne in the |9%brarThe methpd of claionf9,iviesein theaag muiicty Yomprisksbigingi n t he

sol i d supPQsidinCO Bl .a i ndi noi ety. 60. The nethod of claim 59,
wher ei n thgeul{hg’g mieé‘?‘gﬁggﬁgﬁﬁ%gﬁb‘?‘ﬁ‘?s W?‘et%?f?‘ﬂ?ri‘ﬁes Biotig; 3dding®si di n and t he
tag bi ndi ngreptavaliy,. conprises biotin, avidin, or streptavidin. 61. The

met hod of claim51, wherein the one or nore conponent of interest
conprises the enzyme substrate and the product of an enzymatic reaction,

the nethod furgher pﬁgmgﬁlgaggcl%gy{,wé}hlﬁleyon%u&?gﬁxfa&nqg%ryﬁ?ﬁmunt of the

product of an enzyne reaction and t’he enzymne s e net hod of
clai m 51, WireeséPompmses thendnagme lsabytriate] and theoprodwa oy ah nzyusitio Ge2ties thoSPr ay

. ' f ' h
tandem MBS RethBE %%pgétrn nan?g 1;[1I tgﬁeo[ﬂ% q?lg.nnt}fgglgathggémglgt of the product of

an enzyme reaction and the enzyme substrate.

62.  The method of claim 51, wherein performing flow injection analysis
using electrospray tandem mass spectrometry comprises performing a method

selected from the group consisting of neutral loss mass spectrometry and parent ion
mass spectrometry.

63.  The method of claim 62, comprising performing the neutral loss mass

spectrometry or the parent ion mass spectrometry on a triple quadrupole mass

spectrometer.

64.  The method of claim 63, wherein performing the neutral loss mass
spectrometry comprises:

(a) scanning the one or more component of interest in a first quadrupole at
a specified mass range;

(b)  fragmenting the one or more component of interest in a second
quadrupole by collision induced dissociation, thereby producing one or more neutral
fragments and one or more daughter ion; and,

(c) detecting the one or more daughter ion,
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selected fromthe group consisting of neutral |oss nass spectro:{etr aaﬂﬂs
parent ion mnass spectronetry. 63. The nethod of claim62, conpri i‘%@
perform ng the neutral |oss mass spectronmetry or the parent ion nass
spectronmetry on a triple quadrupole nass spectroneter. 64. The method of
claim 63, wherein performng the neutral |oss mass spectronetry conpri ses:
(a) scanning the one or nore conponent of interest in a first quadrupol e at
a specified nmass. range; gfg) fragmenting the one or nore conponent of
interest in a s¥condMgushPd phslamy$3, vdiersin perfonming thepaking tsomassi on, t her eby
pr oduci ng PREtrdhetBPESnpREE:" al fragnents and one or nore daughter ion; and,
(c) detecting the 'one 'or nore daughter ion. 53 1 1 AUG 2003 65. The net hod
of claim63, wie}ei rscpenifigtheiong of merpamernentasf inerRst iRt uUATRIPOJE;
conprises: (a) anné ng t he gne or nore conponent, of interest in a first

quadrupol e;  (b)” f r aGHENEVRE NGNS R Z1057 CoIpPeRLEIBISESSt N secpr est i n a

second qupadripolechynolitsddd indhedd didieisssh: dhgsoci ation; and, (c) scanning a
third quadrupol e at a specified mass. 66. The method of claim51, wherein
puri fyi ng conprtkes saning p thirskquadrupolsat a spesifinskhasd. of cl ai m 51, wherein
purifying conprises filtration. 68. The nethod of claimb51, wherein the
off-line parallel purification systemconprises an ion exchange resin. 69.

The nethod of ditai mBie methed of clainh§1,efHerdih parifaigddngdrisesbdritiift@htiq) System
conprises the addition of an organic solvent to the sanple. 70. The nethod
of claimb51, wherein the off-line parallel purification systemconprises a

solid phase extgmet i bhb of ddim IR BBk Rind dobhRieRd 1dighel N AN

automati c sanpler transports sanples I ne parallel
purification systemto the nass spectroneter for injection and analysis at

a rate of at | t 0 s es ,an ur,. 22.. The nethod of claimb51, wherein
5 to 100 sanpl :"?ar éphﬁo%gtggé Bé?IMQEMPmCﬁBﬁPF%RWﬂFIH&BW%aI ysis
usi ng el eclysemprodyprisaAeivnEREIFange Al ONEL I'Y.

69.  The method of claim 51, wherein the off-line parallel purification

system comprises the addition of an organic solvent to the sample.

70.  The method of claim 51, wherein the off-line parallel purification

system comprises a solid phase extraction plate.

71.  The method of claim 51, wherein an automatic sampler transports
samples from the off-line parallel purification system to the mass spectrometer for

injection and analysis at a rate of at least 100 samples an hour.

72.  The method of claim 51, wherein 5 to 100 samples are pooled before

performing flow-injection analysis using electrospray tandem mass spectrometry.

73. An apparatus for high throughput mass spectrometry screening, the
apparatus comprising:

@) a transformation plate;

(1)  acell growth plate;

(iii)  an automated colony picker for picking cells from the transformation

plate and into the cell growth plate;
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73. An apparatus for high throughput nmass spectronetry screening, th
apparatus conprising: (i) a transformation plate; (ii) a cell gf’&v\AﬁG 2003
plate; (iii) an autonated col ony picker for picking cells fromthe
transformation plate and into the cell growth plate; 54 1 1 AUG 2003 (i V)
an off-line parallel purification systemconprising a centrifuge for

centrifugi ng th@viel an off-dine paqallelt;mriﬁém)on&ymﬁ&oﬂﬁﬁﬁidtg@@hﬁ{ﬂag@ﬂﬂ (vi) an
automatic sarrplcerg_tf#]at tranqi'gért anples fromthe off-1line parall el
purification sySrEHV RS hee gwiﬁgﬁtt:r ometer for injection and anal ysis.
74. The apparat@y ofamhd SPedtdomdbiehii N the automatic sanpler transports at
| east about 100 sanples in about an hour. 75. The apparatus of claim 73,
wherei n the aut@Hat i @ Buermatis samplershes tragspatts sdmeples frainahié offQMhegaradlebs i n
about an hour. : ppharatus of claim 73, .wherein the gutonmatic sanpler
conmbi nes two rlglr%rlggns%b 'Iuégb %@%ﬁ%ﬁ%{ﬂ%ﬁ{,@f&}lj?@g@pga{l B¥-wo or nore
sanples into the nmass spectroneter. 77. The apparatus of claim 76, wherein
t he mass spectr ter, screens at_ . |east about 1,000 sanples in about an
hour. 78. The a-g‘ggra ppAragus At glaimg 73yivbereinsthe putomatic sappiet ramsports atscr eens
at | east IQQ,Q%O,_QQOQQng Soul dh Ut | day. 79. The apparatus of claim
73, wherein the cell growmh plate conprises a mcrotiterplate containing
grow h nmedia. 80. The apparatus of claim 73, wherein the nmass spectroneter

is an electro ay J.andem nas ecgtropeter, 81. The apparatus of claim
73, wherein thzﬁr’rass %%’8??8}?@?@}291}1? aWheTEig, the aylomatie srsnplergansports at
spect r onetlesst abohit 200 SarApPRRITAIbYEt & hdtk@l M 73, further conprising a conputer

and software operably coupled to the apparatus for recordi ng and anal yzi ng
data fromthe nass spectroneter. 55

76.  The apparatus of claim 73, wherein the automatic sampler combines
two or more samples and simultaneously injects the two or more samples into the

mass spectrometer,

77.  The apparatus of claim 76, wherein the mass spectrometer screens at

least about 1,000 samples in about an hour.

78.  The apparatus of claim 76, wherein the mass spectrometer screens at

least about 25,000 samples in about 1 day.

79.  The apparatus of claim 73, wherein the cell growth plate comprises a
microtiterplate containing growth media.

80.  The apparatus of claim 73, wherein the mass spectrometer is an

electrospray tandem mass spectrometer.

81.  The apparatus of claim 73, wherein the mass spectrometer is a triple

quadropole mass spectrometer.

82.  The apparatus of claim 73, further comprising a computer and software
operably coupled to the apparatus for recording and analyzing data from the mass

spectrometer.
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1 1 AUG 2003 83. The apparatus of claim 82, wherein the conputeg f%bbhﬁd
conprises software for controlling the automatic sanpler. 84. THe 03
apparatus of claim 73, wherein the off-line purification system further
conprises a filter plate. 85. The apparatus of claim 73, further conprising
a plate shaker. 86. The apparatus of claim 85, wherein the nmass
spectroneter is an electrospray tandem nass spectroneter. 87. The

appar at us of clgim 8.?‘] wherein the nmass spectroneter is a triple
quadr upol e mass ¥pect PORREEANS efwlamit, whersinthe somputet AirtireEmprises her

conpri si ngs(ﬂ’cmﬁmﬂc@ﬁtr@lﬁﬁgafefguwgic S%ﬁgagbl y coupled to the apparatus for
recordi ng and anal yzing data fromthe Ss spectroneter. 89. The apparatus

of claim 88, wherein the conputer further conprises software for

control ling thegpauto lc S | er .. . _An apparatus for_ high throughput
nmass spect r omet %@ sc?@ée}i’ﬁp ?"rltp‘?éimﬁl%ga?v ?ﬁ?gﬂgﬁ rline; pygification gystem
t r ansf or maflirther @inagrises a @itep platecel | growth plate; (iii) an automated col ony

pi cker for picking cells fromthe transfornmation plate and into the cell
growh plate; (iv) an off-line parallel purification systemconprising a

filter plate fo pufq I i r the cell gr h.plate; (v) a nass
spectromet er; a%sd (mééjﬁggal?tﬁgdn}%ﬁ%l ‘é’a aCWSIQéJ%ﬁ@m% sampl es from
the off-line parallel purification systemto the nass spectroneter for

i njection and l ysi.s. 56 | 1‘8A 2003, 91. The apparatus of claim 90,
wherei n the cel t*gr othHNALAS &#g?‘i@eg’hﬁ"e“#%ﬂ@ﬁ $REEWOTAEIET 5At ai ni ng
growt h nedeléctrodpray tiiRleAiRadsahétirodetdr! @l m 90, further conprising a plate
shaker. 93. The apparatus of claim90, wherein the nmass spectroneter is an

el ectrospray tandem mass spectroneter. 94. The apparatus of claim 90,
herein the mSSSfpec'i"ﬁeO%taFartusl o%c?a?mtgsl, &Lgrein the mass spectrometer is a triple

quadrupole mass spectrometer.

88.  The apparatus of claim 85, further comprising a computer and software
operably coupled to the apparatus for recording and analyzing data from the mass
spectrometer.

89.  The apparatus of claim 88, wherein the computer further comprises

software for controlling the automatic sampler.

90.  An apparatus for high throughput mass spectrometry screening, the
apparatus comprising;

(i) a transformation plate;

(ii) a cell growth plate;

(iii}  an automated colony picker for picking cells from the transformation
plate and into the cell growth plate;

(iv)  an off-line parallel purification system comprising a filter plate for
purifying samples from the cell growth plate;

v) a mass spectrometer; and

(vi)  an automatic sampler that transports samples from the off-line parallel

purification system to the mass spectrometer for injection and analysis.
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guadr opol e mass spectroneter. 95. The apparatus of claim 90, fu,rqhmg
conprising a conputer and software operably coupled to the apparatu zr“!l?
recordi ng and anal yzing data fromthe mass spectroneter. 96. The appar atus
of claim 95, wherein the conputer further conprises software for
controlling the automatic sanpler. 97. The apparatus of claim92, further
conprising a cotput eFheanpamtistofiaizim Wpehebinthe celpgidth platd\@narpRas At us for

recordi ng &g Y4 .data fromthe mass spectroneter. 98. The apparat us
of claim 97@?@%%§E({c}gﬁﬁnigﬂ‘§&a{nﬁﬂﬁput er and software operably coupl ed
to the apparatus for recording and anal yzing data fromthe mass

spectroneter. 5
JZ. The apparatus of claim 90, further comprising a plate shaker.

93.  The apparatus of claim 90, wherein the mass spectrometer is an

electrospray tandem mass spectrometer.

94.  The apparatus of claim 90, herein the mass spectrometer is an triple
quadropole mass spectrometer,

95.  The apparatus of claim 90, further comprising a computer and software

operably coupled to the apparatus for recording and analyzing data from the mass
spectrometer.

96.  The apparatus of claim 95, wherein the computer further comprises
software for controlling the automatic sampler.

97.  The apparatus of claim 92, further comprising a computer and software

operably coupled to the apparatus for recording and analyzing data from the mass

spectrometer.

98.  The apparatus of claim 97, further comprising a computer and software
operably coupled to the apparatus for recording and analyzing data from the mass

spectrometer.

57




