a9y United States
12y Patent Application Publication (o) Pub. No.: US 2009/0325236 Al

US 20090325236A1

Griffiths et al. 43) Pub. Date: Dec. 31, 2009
(54) OPTICAL SORTING METHOD (30) Foreign Application Priority Data
(76) Inventors: Andrew Griffiths, Cambnidge Jan. 7, 1999  (GB) .o (GB9900298.2
(GB); Dan Tawfik, Jerusalem (IL);
Armin Sepp, Cambridge (GB) Publication Classification
51) Int.CL
Correspondence Address: (
Edwards Angell Palmer & Dodge LLP C12P 1934 (2006.01)
111 HUNTINGTON AVENUE (52) US.ClL i, 435/91.2; 435/91.1
BOSTON, MA 02199 (US)
(37) ABSTRACT
(21)  Appl. No.: 12/317,123 The mvention describes a method for 1solating one or more
_— genetic elements encoding a gene product having a desired
(22)  Filed: Dec. 19, 2003 activity, comprising the steps of: (a) compartmentalising
Related US. Anplication Data genetic elements into microcapsules; (b) expressing the
>+ APP genetic elements to produce their respective gene products
(60) Continuation of application No. 10/866,237, filed on within the microcapsules; (¢) sorting the genetic elements

Jun. 11, 2004, now abandoned, which 1s a division of
application No. 09/896,915, filed on Jun. 29, 2001,
now Pat. No. 6,808,882, which 1s a continuation-in-
partof application No. PCT/GB00/00030, filed on Jan.

6, 2000.

FSC-Height

which produce the gene product having the desired activity
using a change in the optical properties of the genetic ele-
ments. The mnvention enables the 1n vitro evolution of nucleic
acids and proteins by repeated mutagenesis and iterative
applications of the method of the invention.
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 7

(i@/ t\i Caged-biotin-Bala-GSH CDNB
bj\/\/y 'LW ":Ej/h‘@e
N\/Y -

ol g

Caged-biotin-pala-GS-DNP
NO,
hvﬂ
1,
N o O
W Om
S N/X
O G O h\fj\
S
Biotin-fala-GS-DNP
NO,

QN



Patent Application Publication  Dec. 31, 2009 Sheet 8 of 19 US 2009/0325236 Al

FIGURE 8
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FIGURE 9
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FIGURE 10

o —

S71A x

o Lo ‘% Molecular probes

& i/ beads

3 ; Y
e . R2
L2
N
1) o

)

I

3 f

~

o

10 10' 10 10> 104
FSCH
Nan-emulsifled - =mulslfied
98% Bangs (-enz) 98% Bangs (-anz)
2% Probas (+enz) ; 2% Probes (+anz)

No gats

No gats

Colnts

U -{’.-i-tni-. T i Yk a's my .
(g% 107 109
FL1-H
= = : — .
L D Non-emulsified ks F Emulsified
98% Probes (-enz) Q8% Frobes (-enz)
o R2 2% Bangs (+enz) - - 2% Bangs (+enz)
=
No gate
=4 R1 No gate =
A v
e I *
3 -3 |
S 3
S S R .

10




Patent Application Publication  Dec. 31, 2009 Sheet 11 of 19 US 2009/0325236 Al

FIGURE 11
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FIGURE 12
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FIGURE 13
O NO2
<Gmg O
)—N A NH
O Caged-Substrate =EtNP-Bz-Glu-cagedBiotin
(cr&z;rcouu

1
PO
é NO,

L
<0 NO; H,0 | Phosphtriesterase (PTE)
)—-N)\NH
t:ﬁ\ Caged-Product =Et-Bz-Glu-cagedBiotin
(CH,),-CONH ; y g
N ;
HOOC \_@._( N W NP0, '--;3.—-'0
0 !
L
ho
0
NH )\NH
t&\ Uncaged-Product =Et-Bz-Glu-Biotin
{CH2}4~CONH
L + 7 -
HDOC>'\/T - \Q——( NSO I-—*G
O
e N
0
NH /'\NH
Uncaged-Substrate =EINP-Bz-Glu-Biotin
(CH2)  CONH o

HDOCX/INMO-‘QﬁMO --i'«-O;\Q\ -



Patent Application Publication  Dec. 31, 2009 Sheet 14 of 19 US 2009/0325236 Al

FIGURE 14

0 C
H"NW’\/ O }a’ Glutaric Anhydride HOWHM O\IQLOO
(!) O\O“m:}2 Ei3N cL NO,
12 SN 18

o

EINPBG

y o
D BSA or KLH N H ¢
L B L Bsaan Y SN0 O
0.1M Phosphate pH 8 O O é\/ " “NO,

Substrate Conjugates: EINPBG-KIL.H/BSA

H O
N H l‘___o - 4 N_O_O -
0.1M Carbonate pH 11.8 BSA/KL M Mo\i\/ 0,

Product Conjugates: EtBG-KLH/BSA



Patent Application Publication  Dec. 31, 2009 Sheet 15 of 19 US 2009/0325236 Al

FIGURE 15
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FIGURE 16
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FIGURE 18
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OPTICAL SORTING METHOD

[0001] This application 1s a Divisional of Ser. No. 09/896,
915, filed Jun. 29, 2001, which was a Continuation-in-Part of
International Application No. PCT/GB00/00030, filed Jan. 6,
2000, designating the Unmited States, and claims the priority of
United Kingdom Application No.: GB 9900298.2, filed Jan.
7, 1999,

[0002] The present invention relates to methods for use 1n
in vitro evolution of molecular libraries. In particular, the
present invention relates to methods of selecting nucleic acids
encoding gene products in which the nucleic acid and the
activity of the encoded gene product are linked by compart-
mentation.

[0003] Evolution requires the generation of genetic diver-
sity (diversity in nucleic acid) followed by the selection of
those nucleic acids which result 1n beneficial characteristics.
Because the nucleic acid and the activity of the encoded gene
product of an orgamism are physically linked (the nucleic
acids being confined within the cells which they encode)
multiple rounds of mutation and selection can result 1n the
progressive survival of organisms with increasing fitness.
Systems for rapid evolution of nucleic acids or proteins 1n
vitro advantageously mimic this process at the molecular
level 1n that the nucleic acid and the activity of the encoded
gene product are linked and the activity of the gene product 1s
selectable.

[0004] Recentadvances in molecular biology have allowed
some molecules to be co-selected according to their proper-
ties along with the nucleic acids that encode them. The
selected nucleic acids can subsequently be cloned for further
analysis or use, or subjected to additional rounds of mutation
and selection.

[0005] Common to these methods 1s the establishment of
large libraries of nucleic acids. Molecules having the desired
characteristics (activity) can be isolated through selection
regimes that select for the desired activity of the encoded gene
product, such as a desired biochemical or biological activity,
for example binding activity.

[0006] Phage display technology has been highly success-
tul as providing a vehicle that allows for the selection of a
displayed protein by providing the essential link between
nucleic acid and the activity of the encoded gene product
(Smith, 1985; Bass et al., 1990; McCaftferty et al., 1990; for
review see Clackson and Wells, 1994). Filamentous phage
particles act as genetic display packages with proteins on the
outside and the genetic elements which encode them on the
inside. The tight linkage between nucleic acid and the activity
of the encoded gene product is a result of the assembly of the
phage within bacteria. As individual bacterna are rarely mul-
tiply infected, in most cases all the phage produced from an
individual bactertum will carry the same genetic element and
display the same protein.

[0007] However, phage display relies upon the creation of
nucleic acid libraries 1n vivo 1n bacteria. Thus, the practical
limitation on library size allowed by phage display technol-
ogy is of the order of 107 to 10"!, even taking advantage of A
phage vectors with excisable filamentous phage replicons.
The technique has mainly been applied to selection of mol-
ecules with binding activity. A small number of proteins with
catalytic activity have also been 1solated using this technique,
however, selection was not directly for the desired catalytic
activity, but either for binding to a transition-state analogue
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(Widersten and Mannervik, 1995) or reaction with a suicide
inhibitor (Soumillion et al., 1994; Janda et al., 1997). More
recently there have been some examples of enzymes selected
using phage-display by product formation (Atwell & Wells,
1999:; Demartis et al., 1999; Jestin et al., 1999; Pederson, et
al., 1998), but 1n all these cases selection was not for multiple
turnover.

[0008] Specific peptide ligands have been selected for bind-
ing to receptors by atlimity selection using large libraries of
peptides linked to the C terminus of the lac repressor Lacl
(Cull et al., 1992). When expressed 1n E. coli the repressor
protein physically links the ligand to the encoding plasmid by
binding to a lac operator sequence on the plasmid.

[0009] An entirely 1n vitro polysome display system has
also been reported (Mattheakis et al., 1994; Hanes and Pluck-
thun, 1997) 1n which nascent peptides are physically attached
via the ribosome to the RNA which encodes them. An alter-
native, entirely 1n vitro system for linking genotype to phe-
notype by making RNA-peptide fusions (Roberts and
Szostak, 1997; Nemoto et al., 1997) has also been described.

[0010] However, the scope of the above systems 1s limited
to the selection of proteins and furthermore does not allow
direct selection for activities other than binding, for example
catalytic or regulatory activity.

[0011] Invitro RNA selection and evolution (Ellington and
Szostak, 1990), sometimes referred to as SELEX (systematic
evolution of ligands by exponential enrichment) (Tuerk and
Gold, 1990) allows for selection for both binding and chemi-
cal activity, but only for nucleic acids. When selection 1s for
binding, a pool of nucleic acids 1s incubated with immobilised
substrate. Non-binders are washed away, then the binders are
released, amplified and the whole process 1s repeated 1n 1tera-
tive steps to enrich for better binding sequences. This method
can also be adapted to allow 1solation of catalytic RNA and

DNA (Green and Szostak, 1992; for reviews see Chapman
and Szostak, 1994; Joyce, 1994; Gold et al., 1995; Moore,

1995).

[0012] However, selection for “catalytic” or binding activ-
ity using SELEX 1s only possible because the same molecule
performs the dual role of carrying the genetic information and
being the catalyst or binding molecule (aptamer). When
selection 1s for “auto-catalysis” the same molecule must also
perform the third role of being a substrate. Since the genetic
clement must play the role of both the substrate and the
catalyst, selection 1s only possible for single turnover events.
Because the “catalyst™ 1s 1n this process 1tself modified, it 1s
by definition not a true catalyst. Additionally, proteins may
not be selected using the SELEX procedure. The range of
catalysts, substrates and reactions which can be selected 1s
therefore severely limited.

[0013] Those of the above methods that allow for iterative
rounds of mutation and selection are mimicking 1n vitro
mechanisms usually ascribed to the process of evolution:
iterative variation, progressive selection for a desired the
activity and replication. However, none of the methods so far
developed have provided molecules of comparable diversity
and functional efficacy to those that are found naturally. Addi-
tionally, there are no man-made “evolution” systems which
can evolve both nucleic acids and proteins to effect the tull
range ol biochemical and biological activities (for example,
binding, catalytic and regulatory activities) and that can com-
bine several processes leading to a desired product or activity.

[0014] There 1s thus a great need for an 1n vitro system that
overcomes the limitations discussed above.
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[0015] In Tawiik and Griffiths (1998), and in International
patent application PCT/GB98/01889, we describe a system
for 1n vitro evolution that overcomes many of the limitations
described above by using compartmentalisation 1n microcap-
sules to link genotype and phenotype at the molecular level.
[0016] In Tawfik and Griffiths (1998), and in several
embodiments of International patent application PCT/GB98/
01889, the desired activity of a gene product results 1n a
modification of the genetic element which encoded 1t (and 1s
present in the same microcapsule). The modified genetic ele-
ment can then be selected 1n a subsequent step.

[0017] Here we describe a further mvention in which the
modification of the genetic element causes a change 1n the
optical properties of the element 1tself, and which has many
advantages over the methods described previously.

BRIEF DESCRIPTION OF THE INVENTION

[0018] According to a first aspect of the present invention,
there 1s provided a method for 1solating one or more genetic
clements encoding a gene product having a desired activity
the expression of which may result, directly or indirectly, in
the modification of an optical property of a genetic element
encoding the gene product, comprising the steps of:

[0019] (a) compartmentalising genetic elements 1nto
microcapsules;
[0020] (b) expressing the genetic elements to produce their

respective gene products within the microcapsules;

[0021] (c¢) sorting the genetic elements which produce the
gene product(s) having the desired activity according to the
changed optical properties of the genetic elements.

[0022] The microcapsules according to the present mven-
tion compartmentalise genetic elements and gene products
such that they remain physically linked together.

[0023] As used herein, a genetic element 1s a molecule or
molecular construct comprising a nucleic acid. The genetic
clements of the present invention may comprise any nucleic
acid (for example, DNA, RNA or any analogue, natural or
artificial, thereot). The nucleic acid component of the genetic
clement may moreover be linked, covalently or non-co-
valently, to one or more molecules or structures, including
proteins, chemical entities and groups, and solid-phase sup-
ports such as beads (including nonmagnetic, magnetic and
paramagnetic beads), and the like. In the method of the inven-
tion, these structures or molecules can be designed to assist in
the sorting and/or 1solation of the genetic element encoding a
gene product with the desired activity.

[0024] Expression, as used herein, 1s used in its broadest
meaning, to signily that a nucleic acid contained in the
genetic element 1s converted into 1ts gene product. Thus,
where the nucleic acid 1s DNA, expression refers to the tran-
scription of the DNA mnto RNA; where this RNA codes for
protein, expression may also refer to the translation of the
RINA 1nto protein. Where the nucleic acid 1s RNA, expression
may refer to the replication of this RNA into further RNA
copies, the reverse transcription of the RNA mnto DNA and
optionally the transcription of this DNA into further RNA
molecule(s), as well as optionally the translation of any of the
RINA species produced into protein. Preferably, therefore,
expression 1s performed by one or more processes selected
from the group consisting of transcription, reverse transcrip-
tion, replication and translation.

[0025] Expression of the genetic element may thus be
directed into either DNA, RNA or protein, or a nucleic acid or
protein contaiming unnatural bases or amino acids (the gene
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product) within the microcapsule of the invention, so that the
gene product 1s confined within the same microcapsule as the
genetic element.

[0026] The genetic element and the gene product thereby
encoded are linked by confining each genetic element and the
respective gene product encoded by the genetic element
within the same microcapsule. In this way the gene product in
one microcapsule cannot cause a change in any other micro-
capsules. In addition, further linking means may be employed
to link gene products to the genetic elements encoding them,
as set forth below.

[0027] The term “microcapsule” 1s used herein 1n accor-
dance with the meaning normally assigned thereto 1n the art
and further described hereinbelow. In essence, however, a
microcapsule 1s an artificial compartment whose delimiting,
borders restrict the exchange of the components of the
molecular mechanisms described herein which allow the
sorting of the genetic elements according to the function of
the gene products which they encode.

[0028] Preferably, the microcapsules used in the method of
the present 1invention will be capable of being produced in
very large numbers, and thereby to compartmentalise a
library of genetic elements which encodes a repertoire of
gene products.

[0029] As used herein, a change in optical properties of the
genetic elements refers to a change greater than 10% 1n
absorption or emission of electromagnetic radiation, includ-
ing changes 1n absorbance, luminescence, phosphorescence
or fluorescence, relative to the optical property measured
before expression of a genetic element. All such properties
are included 1n the term “optical”. Genetic elements can be
sorted, for example, by luminescence, fluorescence or phos-
phorescence activated sorting. In a preferred embodiment,
flow cytometry 1s employed to sort genetic elements, for
example, light scattering (Kerker, 1983) and fluorescence
polarisation (Rolland et al., 19835) can be used to trigger tlow
sorting. In a highly preferred embodiment genetic elements
are sorted using a fluorescence activated cell sorter (FACS)

sorter (Norman, 1980; Mackenzie and Pinder, 1986).

[0030] Changes 1n optical properties may be direct or 1ndi-
rect. Thus, the change may resultin the alteration of an optical
property 1n the genetic element 1tself, or may lead indirectly
to such a change. For example, modification of a genetic
clement may alter (1.e., change by at least 10%) its ability to
bind an optically active ligand, thus indirectly altering its
optical properties.

[0031] Altematively, imaging techniques can be used to
screen thin films of genetic elements to allow enrichment for
a genetic element with desirable properties, for example by
physical 1solation of the region where a genetic element with
desirable properties 1s situated, or ablation of non-desired
genetic elements. The genetic elements can be detected by
luminescence, phosphorescence or fluorescence.

[0032] According to a preferred embodiment of the first
aspect of the present invention, the sorting of genetic ele-
ments may be performed 1n one of essentially two techniques.

[0033] (I) In a first embodiment, the genetic elements are
sorted following pooling of the microcapsules 1nto one or
more common compartments. In this embodiment, a gene
product having the desired activity modifies the genetic ele-
ment which encoded 1t (and which resides 1n the same micro-
capsule) so as to make 1t selectable as a result of 1ts modified
optical properties 1n a subsequent step. The reactions are
stopped and the microcapsules are then broken so that all the
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contents of the individual microcapsules are pooled. The
modification of the genetic element 1n the microcapsule may
result directly in the modification of the optical properties of
the genetic element. Alternatively, the modification may
allow the genetic elements to be further modified outside the
microcapsules so as to induce a change 1n their optical prop-
erties. Selection for the genetic elements with modified opti-
cal properties enables enrichment of the genetic elements
encoding the gene product(s) having the desired activity.
Accordingly, the invention provides a method according to
the first aspect of the invention, wherein in step (b) the gene
product having the desired activity modifies the genetic ele-
ment encoding 1t to enable the 1solation of the genetic element
as a result 1n a change 1n the optical properties of the genetic
element. It 1s to be understood, of course, that modification
may be direct, 1n that 1t 1s caused by the direct action of the
gene product on the genetic element, or indirect, in which a
series ol reactions, one or more of which mvolve the gene
product having the desired activity, leads to modification of
the genetic element.

[0034] (II) In a second embodiment, the genetic elements
may be sorted by a multi-step procedure, which involves at
least two steps, for example, 1n order to allow the exposure of
the genetic elements to conditions which permait at least two
separate reactions to occur. As will be apparent to persons
skilled 1n the art, the first microencapsulation step of the
invention advantageously results 1n conditions which permat
the expression of the genetic elements—be 1t transcription,
transcription and/or translation, replication or the like. Under
these conditions, it may not be possible to select for a par-
ticular gene product activity, for example because the gene
product may not be active under these conditions, or because
the expression system contains an interfering activity. The
invention therefore provides a method according to the first
aspect of the present invention, wherein step (b) comprises
expressing the genetic elements to produce their respective
gene products within the microcapsules, linking the gene
products to the genetic elements encoding them and 1solating
the complexes thereby formed. This allows for the genetic
clements and their associated gene products to be 1solated
from the capsules before sorting according to gene product
activity takes place. In a preferred embodiment, the com-
plexes are subjected to a further compartmentalisation step
prior to 1solating the genetic elements encoding a gene prod-
uct having the desired activity. This further compartmentali-
sation step, which advantageously takes place in microcap-
sules, permits the performance of further reactions, under
different conditions, in an environment where the genetic
clements and their respective gene products are physically
linked. Eventual sorting of genetic elements may be per-
formed according to embodiment (I) above.

[0035] The “secondary encapsulation” may also be per-
formed with genetic elements linked to gene products by

other means, such as by phage display, polysome display,
RNA-peptide fusion or lac repressor peptide fusion.

[0036] The selected genetic element(s) may also be sub-
jected to subsequent, optionally more stringent rounds of
sorting 1n iteratively repeated steps, reapplying the method of
the imvention either 1n 1ts entirety or 1n selected steps only. By
talloring the conditions appropriately, genetic elements
encoding gene products having a better optimised activity
may be 1solated after each round of selection.

[0037] Additionally, the genetic elements 1solated after a
first round of sorting may be subjected to mutagenesis before
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repeating the sorting by iterative repetition of the steps of the
method of the invention as set out above. After each round of
mutagenesis, some genetic elements will have been modified
in such a way that the activity of the gene products 1is
enhanced (1.e., measurable activity increased by at least 10%
relative to wild-type).

[0038] Moreover, the selected genetic elements can be
cloned 1nto an expression vector to allow further characteri-
sation of the genetic elements and their products.

[0039] In asecond aspect, the invention provides a product
when selected according to the first aspect of the invention. As
used 1n this context, a “product” may refer to a gene product,
selectable according to the invention, or the genetic element
(or genetic information comprised therein).

[0040] Inathird aspect, the invention provides amethod for

preparing a gene product, the expression of which may result,
directly or indirectly, 1n the modification the optical proper-
ties of a genetic element encoding 1t, comprising the steps of:

[0041]
product;

[0042] (b) compartmentalising genetic elements into
microcapsules;

[0043] (c) expressing the genetic elements to produce their
respective gene products within the microcapsules;

[0044] (d) sorting the genetic elements which produce the
gene product(s) having the desired activity using the changed
optical properties of the genetic elements; and

(a) preparing a genetic element encoding the gene

[0045] (e) expressing the gene product having the desired
activity.
[0046] In accordance with the third aspect, step (a) prefer-

ably comprises preparing a repertoire of genetic elements,
wherein each genetic element encodes a potentially differing
gene product. Repertoires may be generated by conventional
techniques, such as those employed for the generation of
libraries 1mtended for selection by methods such as phage
display. Gene products having the desired activity may be
selected from the repertoire, according to the present inven-
tion, according to their ability to modity the optical properties
of the genetic elements 1n a manner which differs (1.e., by at
least 10% 1n at least one optical property) from that of other
gene products. For example, desired gene products may
modity the optical properties to a greater extent than other
gene products, or to a lesser extent, including not at all.

[0047] In a fourth aspect, the invention provides a method
for screening a compound or compounds capable of modula-
tion the activity of a gene product, the expression of which
may result, directly or indirectly, in the modification of the
optical properties of a genetic element encoding it, compris-
ing the steps of:

[0048] (a)preparing a repertoire of genetic elements encod-
ing gene product;

[0049] (b) compartmentalising genetic elements into
microcapsules;
[0050] (c) expressing the genetic elements to produce their

respective gene products within the microcapsules;

[0051] (d) sorting the genetic elements which produce the
gene product(s) having the desired activity using the changed
optical properties of the genetic elements; and

[0052] (e) contacting a gene product having the desired
activity with the compound or compounds and monitoring the
modulation of an activity of the gene product by the com-
pound or compounds.
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[0053] Advantageously, the method further comprises the
step of:
[0054] (g) identifying the compound or compounds

capable of modulating the activity of the gene product and
synthesising said compound or compounds.

[0055] This selection system can be configured to select for
RINA, DNA or protein molecules with catalytic, regulatory or
binding activity.

BRIEF DESCRIPTION OF THE FIGURES

[0056] FIG. 1. Dihydrofolate reductase can be expressed
from genes 1n vitro translated 1n solution and genes attached
to paramagnetic beads with 1dentical efficiency. The DHFR
activity resulting from 1n vitro translation of folA genes 1n
solution or folA genes attached to paramagnetic microbeads
1s determined by monitoring the oxidation of NADPH to
NADP spectrophotometrically at 340 nm and activity 1s cal-
culated by i1nmitial velocities under So>>K,, conditions
(vmax). (#), translated from genes 1n solution; (M), trans-
lated from genes attached to microbeads.2.

[0057] FIG. 2. Epitluorescence microscopy of water-in-oil
emulsions demonstrating that GFP can be translated 1n vitro
from genes attached to single microbeads encapsulated 1n the
aqueous compartments of the emulsions and the translated
gene-product bound back the microbeads making them fluo-
rescent.

[0058] FIG. 3. Flow cytometric analysis of GFP expression
in microcapsules and 1n situ binding to the genetic element
(microbeads). A: The light scattering characteristics of the
beads belore reaction. 75% of beads run as single beads. B:
The light scattering characteristics of the beads after 1n vitro
translation reaction. About 50% of beads fall into the gate for
single beads. C: Fluorescence from microbeads (gated for
single beads only) coated with T7-GFP gene and anti-GFP
polyclonal antibody 1s significantly higher than the signal
from the beads where either the GFP gene or the anti-GFP
antibody were omitted.

[0059] FIG. 4. Synthesis of Biotin-GS-DNP by the human
glutathione S-transferase M2-2 (GST M2-2) catalysed reac-
tion of 1-chloro-2,4-dinitrobenzene (CDNB; Sigma) with
reduced biotinylated-glutathione (Biotin-GSH).

[0060] FIG. 5. Detecting paramagnetic beads coated with
the product of an enzyme catalysed reaction by tlow cytom-
etry. Sera-Mag™ streptavidin-coated magnetic micropar-
ticles incubated with Biotin-GS-DNP made by the GST M2-2
catalysed reaction of Biotin-GSH and CDNB. The captured
Biotin-GS-DNP was detected by incubation of the micropar-
ticles with a mouse anti-dinitrophenol antibody followed by a
(FITC)-conjugated F(ab'), fragment goat anti-mouse IgG,
F(ab")2 fragment. After washing, 2x10° microparticles were
analysed by tlow cytometry. All reagents, no reagents omitted
from the enzymatic synthesis of with Biotin-GS-DNP; minus
GST, the enzyme GST M2-2 was omitted from the synthesis;
minus biotin-GSH, biotin-GSH was omitted from the synthe-
s1s; minus CDNB, CDNB was omitted from the synthesis.
[0061] FIG. 6. Synthesis of MeNPO-CO-Biotin-f3-Ala-
GSH (caged-biotin-pala-GSH).

[0062] Acetyl chloride (5 ml) was added to anhydrous
methanol (80 ml). The stirred solution was allowed to cool
down and d-biotin (4 g) was added. After over-mght stirring
the solvents were evaporated 1n vacuum to afford a white
solid. The solid was triturated with ether, filtered and dried

under vacuum (in the presence of phosphorus pentoxide) and
stored at —20° C.
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[0063] FIG. 7. Reaction of caged-biotin-Pala-GSH with
1-chloro-2,4-dinitrobenzene (CDNB) and photochemical
uncaging of the biotin group.

[0064] FIG. 8. Reaction of caged-biotin-Pala-GSH with
4-chloro-3-nitrobenzoate (CNB) and photochemical uncag-
ing of the biotin group

[0065] FIG.9. Human GST M2-2 catalyses the reaction of
caged-biotin-Pala-GSH with CDNB and CNB 1n solution and
the reaction products can be uncaged by UV 1rradiation,
captured on beads and detected using fluorescently labelled
anti-product antibodies and flow cytometry.

[0066] Panel A: light scattering characteristics of beads and
gate for single beads (R1). Panel B: fluorescence from micro-
beads (gated through R1) from reactions with CDNB. Panel
C: fluorescence from microbeads (gated through R1) from
reactions with CNB. Signals from microbeads from reactions
with and without GST M2-2 are annotated +enz and —enz
respectively. Signals from microbeads from reactions which
were UV 1rradiated and those which were not are annotated
+UV and -UV respectively.

[0067] FIG. 10. Flow cytometry can be used to distinguish
beads from aqueous compartments of an emulsion containing
GST M2-2 from beads from compartments without GST
M2-2 by using caged-biotinylated-pfAla-GSH and CNB as
substrates.

[0068] Panel A: light scattering characteristics of a mixture
of a mixture of 1.0 um diameter nontluorescent neutravidin
labelled microspheres (Molecular Probes, F-8777) or 0.93
um diameter streptavidin-coated polystyrene beads (Bangs
Laboratories) and gates set for single Bangs beads (R1) and
single Molecular Probes beads (R2). Panel B: tfluorescence
from microbeads taken from a non-emulsified mixture of
98% Bangs beads (without GST) and 2% Molecular Probes
beads (with GST). Panel C: fluorescence from microbeads
taken from a mixture of two emulsions in a ratio of 98%
emulsion containing Bangs beads (without GST) and an
emulsion containing 2% Molecular Probes beads (with GST).
Panel D: fluorescence from microbeads taken from a non-
emulsified mixture of 98% Molecular Probes beads (without
GST) and 2% Bangs beads (with GST). Panel E: fluorescence
from microbeads taken from a mixture of two emulsions 1n a
ratio of 98% emulsion contaiming Molecular Probes beads
(without GST) and an emulsion containing 2% Bangs beads
(with GST). Fluorescence of ungated beads (No gate), beads
gated through R1 (R1) and beads gated through R2 (R2) are

overlayed.

[0069] FIG. 11. Human GST M2-2 transcribed and trans-
lated 1n vitro 1n the aqueous compartments of a water-in o1l
emulsion catalyses a reaction which gives rise to a change 1n
the fluorescence properties ol co-compartmentalised micro-
spheres.

[0070] Panel A: light scattering characteristics ol beads and
gate for single beads (R1). Panel B: fluorescence from micro-
beads (gated through R1) from non-emulsified reactions.
Panel C: fluorescence from microbeads (gated through R1)
emulsified reactions. Signals from microbeads from reactions
with and without GST M2-2.LMB2-3 DNA are annotated
+DNA and -DNA respectively. Signals from microbeads
from reactions with and without recombinant GST M2-2 are
annotated +GST and —GST respectively.

[0071] FIG. 12. Synthesis of the caged-biotinylated sub-
strate EtNP-BzGlu-cagedBiotin (17).

[0072] FIG. 13. Hydrolysis of the PTE substrate EINP-Bz-
Glu-cagedBiotin (17) to yield the product Et-Bz-Glu-caged-
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Biotin, and uncaging of both substrate and product to yield
the corresponding biotinylated substrate (EtNP-Bz-Glu-Bi-
otin) and product (EtINP-Bz-Glu-Biotin)

[0073] FIG. 14. Preparation of protein conjugates of a P1E
substrate and product for immunisation and ELISA.

[0074] FIG. 15. PTE catalyses the reaction of EtNP-Bz-
Glu-cagedBiotin 1n the presence of streptavidin-coated
beads, and the reaction products uncaged by UV 1rradiation,
are captured on beads and detected using fluorescently
labelled anti-product antibodies and flow cytometry.

[0075] Panel A: light scattering characteristics of the beads
and gate selected for single beads (R2). Panel B: fluorescence
from beads (gated through R2) from reactions with 10 uM
EtNP-Bz-Glu-cagedBiotin in the presence of i vitro trans-
lated OPD.LMB3-2biotin DNA fragments (OPD) or
M.Haelll. LMB3-2biotin DNA fragments (M.Haelll). Panel
C: As B but with 20 MM EtNP-Bz-Glu-cagedBiotin. Panel D:
As B but with 50 uM EtNP-Bz-Glu-cagedBiotin.

[0076] FIG. 16. Reaction of EtNP-Bz-Glu-cagedBiotin 1n
the presence of beads to which genetic elements encoding the
phosphotriesterase tagged with the Flag peptide (N-Flag-
OPD.LMB3-2biotin) or another enzyme (N-Flag-M.Haelll.
LMB3-2biotin) were attached alongside with an antibody
that binds the Flag peptide. The beads were reacted and sub-
sequently analysed by flow-cytometry as described in the
text.

[0077] Panel A: light scattering characteristics ol beads and
gate for single beads (R1). Panel B: fluorescence from micro-
beads (gated through R1) to which were attached N-Flag-
OPD.LMB3-2biotin DNA {fragments (OPD) or M.Haelll.
LMB3-2biotin DNA fragments (M.Haelll) from reactions
with 12.5 uM EtNP-Bz-Glu-cagedBiotin. Panel C: As B but
with 25 uM EtNP-Bz-Glu-caged-Biotin.

[0078] FIG. 17. L. coli BirA transcribed and translated 1n
vitro catalyses a reaction which gives rise to a change 1n the
fluorescence properties of substrate-labelled microspheres 1in
the aqueous compartments of a water-in o1l emulsion and in
bulk solution.

[0079] FIG. 18. Flow cytometric analysis of samples pre-
pared for the sorting experiment.

[0080] FIG. 19. Fluorescence-activated flow cytometric
sorting of the genetic elements.

[0081] Panel A: Samples #1 to #4 before sorting and after
sorting. Panel B: Genes recovered from individual beads
sorted from sample #3 sorted into a 96-well plate. Panel C:
Genes recovered from individual beads sorted from sample
#4 sorted 1nto a 96-well plate. DNA markers (M) are $X174-
Haelll digest.

(A) GENERAL DESCRIPTION

[0082] The microcapsules of the present invention require
appropriate physical properties to allow the working of the
invention.

[0083] First, to ensure that the genetic elements and gene
products may not diffuse between microcapsules, the con-
tents of each microcapsule are preferably 1solated from the
contents of the surrounding microcapsules, so that there 1s no
or little exchange of the genetic elements and gene products
between the microcapsules over the timescale of the experi-
ment.

[0084] Second, the method of the present invention
requires that there are only a limited number of genetic ele-
ments per microcapsule. This ensures that the gene product of
an individual genetic element will be 1solated from other
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genetic elements. Thus, coupling between genetic element
and gene product will be highly specific. The enrichment
factor 1s greatest with on average one or fewer genetic ele-
ments per microcapsule, the linkage between nucleic acid and
the activity of the encoded gene product being as tight as 1s
possible, since the gene product of an individual genetic
clement will be 1solated from the products of all other genetic
clements. However, even 11 the theoretically optimal situation
of, on average, a single genetic element or less per microcap-
sule 1s not used, a ratio of 5, 10, 50, 100 or 1000 or more
genetic elements per microcapsule may prove beneficial 1n
sorting a large library. Subsequent rounds of sorting, includ-
ing renewed encapsulation with differing genetic element
distribution, will permit more stringent sorting of the genetic
clements. Preferably, there 1s a single genetic element, or
fewer, per microcapsule.

[0085] Third, the formation and the composition of the
microcapsules advantageously does not abolish the function
of the machinery the expression of the genetic elements and
the activity of the gene products.

[0086] The appropriate system(s) may vary depending on
the precise nature of the requirements 1n each application of
the invention, as will be apparent to the skilled person.

[0087] A wide variety of microencapsulation procedures
are available (see Benita, 1996) and may be used to create the
microcapsules used in accordance with the present invention.

Indeed, more than 200 microencapsulation methods have
been 1dentified 1n the literature (Finch, 1993).

[0088] These include membrane enveloped aqueous
vesicles such as lipid vesicles (liposomes) (New, 1990) and
non-ionic surfactant vesicles (van Hal et al., 1996). These are
closed-membranous capsules of single or multiple bilayers of
non-covalently assembled molecules, with each bilayer sepa-
rated from 1ts neighbour by an aqueous compartment. In the
case of liposomes the membrane 1s composed of lipid mol-
ecules; these are usually phospholipids but sterols such as
cholesterol may also be incorporated into the membranes
(New, 1990). A variety of enzyme-catalysed biochemical
reactions, including RNA and DNA polymerisation, can be
performed within liposomes (Chakrabarti et al., 1994; Ober-
holzer et al., 1995a; Oberholzer et al., 1995b; Walde et al.,
1994; Wick & Luisi, 1996).

[0089] With a membrane-enveloped vesicle system much
of the aqueous phase 1s outside the vesicles and 1s therefore
non-compartmentalised. This continuous, aqueous phase 1s
removed or the biological systems 1n 1t inhibited or destroyed
(for example, by digestion of nucleic acids with DNase or
RNase) 1n order that the reactions are limited to the micro-
capsules (Luisi et al., 1987).

[0090] Enzyme-catalysed biochemical reactions have also
been demonstrated in microcapsules generated by a variety of

other methods. Many enzymes are active in reverse micellar
solutions (Bru & Walde, 1991; Bru & Walde, 1993; Creagh et

al., 1993; Haber et al., 1993; Kumar etal., 1989; Luisi & B.,
] 987 Mao & Walde 1991; Mao et al., 1992 Perez et al.,
1992; Walde et al., 1994; Walde et al., 1993; Walde et al.,

” 988) such as the AOT—lsooctane-water system (Menger &
Yamada, 1979).

[0091] Microcapsules can also be generated by interfacial
polymerisation and interfacial complexation (Whateley,
1996). Microcapsules of this sort can have rigid, nonperme-
able membranes, or semipermeable membranes. Semiperme-
able microcapsules bordered by cellulose nitrate membranes,
polyamide membranes and lipid-polyamide membranes can
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all support biochemical reactions, including multienzyme
systems (Chang, 1987; Chang, 1992; Lim, 1984). Alginate/
polylysine microcapsules (Lim & Sun, 1980), which can be
formed under very mild conditions, have also proven to be
very biocompatible, providing, for example, an effective
method of encapsulating living cells and tissues (Chang,

1992; Sun et al., 1992).

[0092] Non-membranous microencapsulation systems
based on phase partitioning of an aqueous environment in a
colloidal system, such as an emulsion, may also be used.

[0093] Preferably, the microcapsules of the present mven-
tion are formed from emulsions; heterogeneous systems of
two immuiscible liquid phases with one of the phases dispersed
in the other as droplets of microscopic or colloidal size

(Becher, 1957; Sherman, 1968; Lissant, 1974; Lissant, 1984).

[0094] Emulsions may be produced from any suitable com-
bination of immiscible liquids. Preferably the emulsion of the
present invention has water (containing the biochemical com-
ponents) as the phase present in the form of finely divided
droplets (the disperse, internal or discontinuous phase) and a
hydrophobic, immiscible liquid (an o1]’) as the matrix in
which these droplets are suspended (the nondisperse, con-
tinuous or external phase). Such emulsions are termed
“water-in-o1l” (W/O). This has the advantage that the entire
aqueous phase containing the biochemical components 1s
compartmentalised 1n discreet droplets (the internal phase).
The external phase, being a hydrophobic oil, generally con-
tains none of the biochemical components and hence 1s 1nert.

[0095] The emulsion may be stabilised by addition of one
or more surface-active agents (surfactants). These surfactants
are termed emulsitying agents and act at the water/o1l 1nter-
face to prevent (or at least delay) separation of the phases.
Many oils and many emulsifiers can be used for the genera-
tion of water-in-o1l emulsions; a recent compilation listed
over 16,000 surfactants, many of which are used as emulsi-
tying agents (Ash and Ash, 1993). Suitable o1ls include light
white mineral o1l and non-1onic surfactants (Schick, 1966)
such as sorbitan monooleate (Span™R8g0; ICI) and polyoxy-
cthylenesorbitan monooleate (Tween™R80; ICI).

[0096] The use of anionic surfactants may also be benefi-
cial. Suitable surfactants include sodium cholate and sodium
taurocholate. Particularly preferred 1s sodium deoxycholate,
preferably at a concentration o1 0.5% w/v, or below. Inclusion
of such surfactants can in some cases increase the expression
of the genetic elements and/or the activity of the gene prod-
ucts. Addition of some anionic surfactants to a non-emulsified
reaction mixture completely abolishes translation. During
emulsification, however, the surfactant 1s transferred from the
aqueous phase into the interface and activity 1s restored. Addi-
tion of an anionic surfactant to the mixtures to be emulsified
ensures that reactions proceed only after compartmentalisa-
tion.

[0097] Creation of an emulsion generally requires the
application of mechanical energy to force the phases together.
There are a variety of ways of doing this which utilise a
variety ol mechanical devices, including stirrers (such as
magnetic stir-bars, propeller and turbine stirrers, paddle
devices and whisks), homogenisers (including rotor-stator
homogenisers, high-pressure valve homogenisers and jet
homogenisers), colloid mills, ultrasound and ‘membrane
emulsification’ devices (Becher, 1957; Dickinson, 1994).

[0098] Aqueous microcapsules formed 1n water-in-oil
emulsions are generally stable with little 1f any exchange of
genetic elements or gene products between microcapsules.
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Additionally, we have demonstrated that several biochemaical
reactions proceed in emulsion microcapsules. Moreover,
complicated biochemical processes, notably gene transcrip-
tion and translation are also active in emulsion microcap-
sules. The technology exists to create emulsions with vol-
umes all the way up to industrial scales of thousands of litres

(Becher, 1957; Sherman, 1968; Lissant, 1974; Lissant, 1984).

[0099] The preferred microcapsule size will vary depend-
ing upon the precise requirements of any individual selection
process that1s to be performed according to the present inven-
tion. In all cases, there will be an optimal balance between
gene library size, the required enrichment and the required
concentration of components 1n the individual microcapsules
to achieve ellicient expression and reactivity of the gene
products.

[0100] The processes of expression occurs within each
individual microcapsule provided by the present invention.
Both 1n vitro transcription and coupled transcription-transla-
tion become less ellicient at sub-nanomolar DNA concentra-
tions. Because of the requirement for only a limited number
of DNA molecules to be present 1n each microcapsule, this
therefore sets a practical upper limit on the possible micro-
capsule size. Preferably, the mean volume of the microcap-
sules is less that 5.2x107'° m?, (corresponding to a spherical
microcapsule of diameter less than 10 um, more preferably
less than 6.5x10™'" m” (5 um diameter), more preferably
about 4.2x107"* m” (2 um diameter) and ideally about 9x10~
1em” (2.6 um diameter).

[0101] The effective DNA or RNA concentration in the

microcapsules may be artificially increased by various meth-
ods that will be well-known to those versed 1n the art. These
include, for example, the addition of volume excluding
chemicals such as polyethylene glycols (PEG) and a variety
of gene amplification techniques, including transcription
using RNA polymerases including those from bacteria such
as F. coli (Roberts, 1969; Blattner and Dahlberg, 1972; Rob-
erts etal., 1975; Rosenbergetal., 1975), eukaryotes e.g. (Weil
ct al., 1979; Manley et al., 1983) and bacteriophage such as
17, T3 and SP6 (Melton et al., 1984); the polymerase chain
reaction (PCR) (Saiki et al., 1988); Qb replicase amplification
(Miele et al., 1983; Cahill et al., 1991; Chetverin and Spirin,
1993; Katanaev et al., 1993); the ligase chain reaction (LCR)
(Landegren et al., 1988; Barany, 1991); and self-sustained
sequence replication system (Fahy et al., 1991) and strand
displacement amplification (Walker et al., 1992). Gene
amplification techniques requiring thermal cycling such as
PCR and LCR may be used 1t the emulsions and the 1n vitro
transcription or coupled transcription-translation systems are
thermostable (for example, the coupled transcription-transla-
tion systems can be made from a thermostable organism such
as Thermus aguaticus).

[0102] Increasing the effective local nucleic acid concen-
tration enables larger microcapsules to be used effectively.
This allows a preferred practical upper limait to the microcap-
sule volume of about 5.2x107'°m" (corresponding to a sphere
of diameter 10 um).

[0103] The microcapsule size i1s preferably sufficiently
large to accommodate all of the required components of the
biochemical reactions that are needed to occur within the
microcapsule. For example, 1n vitro, both transcription reac-
tions and coupled transcription-translation reactions require a
total nucleoside triphosphate concentration of about 2 mM.

[0104] For example, 1n order to transcribe a gene to a single
short RNA molecule of 500 bases in length, this would
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require a minimum of 500 molecules of nucleoside triphos-
phate per microcapsule (8.33x107% moles). In order to con-
stitute a 2 mM solution, this number of molecules 1s contained
within a microcapsule of volume 4.17x107"7 litres (4.17x10™
2> m> which if spherical would have a diameter of 93 nm.

[0105] Furthermore, particularly in the case of reactions
involving translation, it 1s to be noted that the ribosomes
necessary for the translation to occur are themselves approxi-
mately 20 nm 1n diameter. Hence, the preferred lower limit for
microcapsules 1s a diameter of approximately 0.1 um (100
nm).

[0106] Therefore, the microcapsule volume 1s preferably of
the order of between 5.2x107°* m” and 5.2x107'° m” corre-
sponding to a sphere of diameter between 0.1 um and 10 um,
more preferably of between about 5.2x10™" m3 and 6.5x10~
17m° (1 um and 5 um). Sphere diameters of about 2.6 um are
most advantageous.

[0107] Itisno coincidence that the preferred dimensions of
the compartments (droplets of 2.6 um mean diameter) closely
resemble those of bacteria, for example, Escherichia are 1.1-
1.5%2.0-6.0 um rods and Azotobacter are 1.5-2.0 um diameter
ovoid cells. In its simplest form, Darwinian evolution 1s based
on a ‘one genotype one phenotype” mechanism. The concen-
tration of a single compartmentalised gene, or genome, drops
from 0.4 nM 1n a compartment of 2 um diameter, to 25 pM 1n
a compartment of 5 um diameter. The prokaryotic transcrip-
tion/translation machinery has evolved to operate in compart-
ments of ~1-2 um diameter, where single genes are at
approximately nanomolar concentrations. A single gene, 1n a
compartment of 2.6 um diameter 1s at a concentration of 0.2
nM. This gene concentration 1s high enough for efficient
translation. Compartmentalisation 1n such a volume also
ensures that even 11 only a single molecule of the gene product
1s Tormed 1t 1s present at about 0.2 nM, which 1s important 1f
the gene product 1s to have a modifying activity of the genetic
clement 1itself. The volume of the microcapsule 1s thus
selected bearing 1n mind not only the requirements for tran-
scription and translation of the genetic element, but also the
modifying activity required of the gene product in the method
of the invention.

[0108] The size of emulsion microcapsules may be varied
simply by tailoring the emulsion conditions used to form the
emulsion according to requirements of the selection system.
The larger the microcapsule size, the larger 1s the volume that
will be required to encapsulate a given genetic element
library, since the ultimately limiting factor will be the size of
the microcapsule and thus the number of microcapsules pos-
sible per unit volume.

[0109] The size of the microcapsules 1s selected not only
having regard to the requirements of the transcription/trans-
lation system, but also those of the selection system employed
tor the genetic element. Thus, the components of the selection
system, such as a chemical modification system, may require
reaction volumes and/or reagent concentrations which are not
optimal for transcription/translation. As set forth herein, such
requirements may be accommodated by a secondary re-en-
capsulation step; moreover, they may be accommodated by
selecting the microcapsule size 1n order to maximise tran-
scription/translation and selection as a whole. Empirical
determination of optimal microcapsule volume and reagent
concentration, for example as set forth herein, 1s preferred.

[0110] A “genetic element” 1n accordance with the present
invention 1s as described above. Preferably, a genetic element
1s a molecule or construct selected from the group consisting
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of a DNA molecule, an RNA molecule, a partially or wholly
artificial nucleic acid molecule consisting of exclusively syn-
thetic or a mixture ol naturally-occurring and synthetic bases,
any one of the foregoing linked to a polypeptide, and any one
of the foregoing linked to any other molecular group or con-
struct. Advantageously, the other molecular group or con-
struct may be selected from the group consisting of nucleic
acids, polymeric substances, particularly beads, for example
polystyrene beads, and magnetic or paramagnetic substances
such as magnetic or paramagnetic beads.

[0111] Thenucleic acid portion of the genetic element may
comprise suitable regulatory sequences, such as those
required for efficient expression of the gene product, for
example promoters, enhancers, translational initiation
sequences, polyadenylation sequences, splice sites and the
like.

[0112] As will be apparent from the following, 1n many
cases the polypeptide or other molecular group or construct 1s
a ligand or a substrate which directly or indirectly binds to or
reacts with the gene product 1n order to alter the optical
properties of the genetic element. This allows the sorting of
the genetic element on the basis of the activity of the gene
product. The ligand or substrate can be connected to the
nucleic acid by a variety of means that will be apparent to
those skilled 1n the art (see, for example, Hermanson, 1996).

[0113] One way in which the nucleic acid molecule may be
linked to a ligand or substrate 1s through biotinylation. This
can be done by PCR amplification with a 5'-biotinylation

primer such that the biotin and nucleic acid are covalently
linked.

[0114] The ligand or substrate can be attached to the modi-
fied nucleic acid by a variety of means that will be apparent to
those of skill 1n the art (see, for example, Hermanson, 1996).
A biotinylated nucleic acid may be coupled to a polystyrene
or paramagnetic microbead (0.02 to approx. 5.0 um 1n diam-
cter) that 1s coated with avidin or streptavidin, that will there-
fore bind the nucleic acid with very high atfinity. This bead
can be denivatised with substrate or ligand by any suitable
method such as by adding biotinylated substrate or by cova-
lent coupling.

[0115] Alternatively, a biotinylated nucleic acid may be
coupled to avidin or streptavidin complexed to a large protein
molecule such as thyroglobulin (669 Kd) or ferritin (440 Kd).
This complex can be derivatised with substrate or ligand, for
example by covalent coupling to the e-amino group of lysines
or through a non-covalent interaction such as biotin-avidin.

[0116] The substrate may be present 1n a form unlinked to
the genetic element but containing an inactive “tag” that
requires a further step to activate it such as photoactivation
(e.g. of a “caged” biotin analogue, (Sundberg et al., 1995;
Pirrung and Huang, 1996)). The catalyst to be selected then
converts the substrate to product. The “tag” 1s then activated
and the “tagged” substrate and/or product bound by a tag-
binding molecule (e.g. avidin or streptavidin) complexed
with the nucleic acid. The ratio of substrate to product
attached to the nucleic acid via the “tag” will therefore reflect
the ratio of the substrate and product 1n solution.

[0117] An alternative 1s to couple the nucleic acid to a
product-specific antibody (or other product-specific mol-
ecule). In this scenario, the substrate (or one of the substrates)
1s present 1n each microcapsule unlinked to the genetic ele-
ment, but has a molecular “tag” (for example biotin, DIG or
DNP or a fluorescent group). When the catalyst to be selected
converts the substrate to product, the product retains the “tag”
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and 1s then captured 1n the microcapsule by the product-
specific antibody. In this way the genetic element only
becomes associated with the “tag” when it encodes or pro-
duces an enzyme capable of converting substrate to product.

[0118] The terms “isolating™, “sorting” and *“selecting”, as
well as variations thereof, are used herein. Isolation, accord-
ing to the present invention, refers to the process of separating
an entity from a heterogeneous population, for example a
mixture, such that it 1s free of at least one substance with
which it was associated before the 1solation process. In a
preferred embodiment, 1solation refers to purification of an
entity essentially to homogeneity. Sorting of an entity refers
to the process of preferentially 1solating desired entities over
undesired entities. In as far as this relates to 1solation of the
desired entities, the terms “1solating” and “sorting” are
equivalent. The method of the present invention permits the
sorting of desired genetic elements from pools (libraries or
repertoires) ol genetic elements which contain the desired
genetic element. Selecting 1s used to refer to the process
(including the sorting process) of 1solating an entity accord-
ing to a particular property thereof.

[0119] In a highly preferred application, the method of the
present mnvention 1s useful for sorting libraries of genetic
clements. The mmvention accordingly provides a method
according to preceding aspects of the ivention, wherein the
genetic elements are 1solated from a library of genetic ele-
ments encoding a repertoire of gene products. Herein, the
terms “library”, “repertoire” and “pool” are used according to
their ordinary signification in the art, such that a library of
genetic elements encodes a repertoire of gene products. In
general, libraries are constructed from pools of genetic ele-

ments and have properties which facilitate sorting.

[0120] Imtial selection of a genetic element from a genetic
clement library using the present invention will 1n most cases
require the screening of a large number of variant genetic
clements. Libraries of genetic elements can be created 1n a
variety of different ways, including the following.

[0121] Poolsofnaturally occurring genetic elements can be
cloned from genomic DNA or cDNA (Sambrook etal., 1989);
for example, phage antibody libraries, made by PCR ampli-
fication repertoires of antibody genes from immunised or
unimmunised donors have proved very elfective sources of
functional antibody fragments (Winter et al., 1994; Hoogen-
boom, 1997). Libraries of genes can also be made by encod-
ing all (see for example Smith, 1985; Parmley and Smith,
1988) or part of genes (see for example Lowman et al., 1991)
or pools of genes (see for example Nissim et al., 1994) by a
randomised or doped synthetic oligonucleotide. Libraries can
also be made by introducing mutations into a genetic element
or pool of genetic elements ‘randomly’ by a variety of tech-
niques in vivo, including; using mutator strains of bacteria
such as £. coli mutD5 (Liao et al., 1986; Yamagishi et al.,
1990; Low et al., 1996); using the antibody hypermutation
system of B-lymphocytes (Yelamos et al., 1993). Random
mutations can also be introduced both 1n vivo and in vitro by
chemical mutagens, and 1onising or UV irradiation (see
Friedberg et al., 1995), or incorporation of mutagenic base
analogues (Freese, 1959; Zaccolo et al., 1996). Random’
mutations can also be introduced into genes 1 vitro during,

polymerisation for example by using error-prone poly-
merases (Leung et al., 1989).
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[0122] Further diversification can be introduced by using
homologous recombination either m vivo (see Kowalc-
zvkowski et al., 1994) or in vitro (Stemmer, 1994a; Stemmer,
1994b).

[0123] According to a further aspect of the present mnven-
tion, therefore, there 1s provided a method of 1n vitro evolu-
tion comprising the steps of:

[0124] (a) selecting one or more genetic elements from a
genetic element library according to the present invention;
[0125] (b)mutating the selected genetic element(s) in order
to generate a further library of genetic elements encoding a
repertoire to gene products; and

[0126] (c) iteratively repeating steps (a) and (b) 1n order to
obtain a gene product with enhanced activity.

[0127] Mutations may be mtroduced into the genetic ele-
ments(s) as set forth above.

[0128] The genetic elements according to the invention
advantageously encode enzymes, preferably of pharmaco-
logical or industrial interest, activators or inhibitors, espe-
cially of biological systems, such as cellular signal transduc-
tion mechanisms, antibodies and fragments thereot, and other
binding agents (e.g. transcription factors) suitable for diag-
nostic and therapeutic applications. In a preferred aspect,
therefore, the invention permits the identification and 1sola-
tion of clinically or industrially usetul products. In a further
aspect of the mvention, there 1s provided a product when
1solated by the method of the mvention.

[0129] The selection of suitable encapsulation conditions 1s
desirable. Depending on the complexity and size of the
library to be screened, 1t may be beneficial to set up the
encapsulation procedure such that 1 or less than 1 genetic
clement 1s encapsulated per microcapsule. This will provide
the greatest power of resolution. Where the library is larger
and/or more complex, however, this may be impracticable; 1t
may be preferable to encapsulate several genetic elements
together and rely on repeated application of the method of the
invention to achieve sorting of the desired activity. A combi-
nation of encapsulation procedures may be used to obtain the
desired enrichment.

[0130] Theoretical studies indicate that the larger the num-
ber of genetic element variants created the more likely 1t 1s
that amolecule will be created with the properties desired (see
Perelson and Oster, 1979 for a description of how this applies
to repertoires of antibodies). Recently 1t has also been con-
firmed practically that larger phage-antibody repertoires do
indeed give rise to more antibodies with better binding affini-
ties than smaller repertoires (Griffiths et al., 1994). To ensure
that rare variants are generated and thus are capable of being
selected, a large library size 1s desirable. Thus, the use of
optimally small microcapsules 1s beneficial.

[0131] The largest repertoire created to date using methods
that require an 1n vivo step (phage-display and Lacl systems)
has been a 1.6x10'' clone phage-peptide library which
required the fermentation of 135 litres of bacteria (Fisch et al.,
1996). SELEX experiments are oiten carried outon very large
numbers of variants (up to 10">).

[0132] Using the present invention, at a preferred micro-
capsule diameter of 2.6 um, a repertoire size of at least 10"’
can be selected using 1 ml aqueous phase 1na 20 ml emulsion.

[0133] Inaddition to the genetic elements described above,
the microcapsules according to the invention will comprise
turther components required for the sorting process to take
place. Other components of the system will for example com-
prise those necessary for transcription and/or translation of
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the genetic element. These are selected for the requirements
ol a specific system from the following; a suitable builer, an
in vitro transcription/replication system and/or an in vitro
translation system containing all the necessary ingredients,
enzymes and cofactors, RNA polymerase, nucleotides,
nucleic acids (natural or synthetic), transfer RNAs, ribo-
somes and amino acids, and the substrates of the reaction of
interest 1n order to allow selection of the modified gene prod-
uct.

[0134] A suitable bulfer will be one 1n which all of the
desired components of the biological system are active and
will therefore depend upon the requirements of each specific
reaction system. Buifers suitable for biological and/or chemi-
cal reactions are known 1n the art and recipes provided 1n
various laboratory texts, such as Sambrook et al., 1989.
[0135] The in vitro translation system will usually com-
prise a cell extract, typically from bacteria (Zubay, 1973;
Zubay, 1980; Lesley etal., 1991; Lesley, 1995), rabbit reticu-
locytes (Pelham and Jackson, 1976), or wheat germ (Ander-
son et al., 1983). Many suitable systems are commercially
available (for example from Promega) including some which
will allow coupled transcription/translation (all the bacterial
systems and the reticulocyte and wheat germ TN'T™ extract
systems from Promega). The mixture of amino acids used
may 1nclude synthetic amino acids 11 desired, to increase the
possible number or variety of proteins produced in the library.
This can be accomplished by charging tRNAs with artificial
amino acids and using these tRINAs for the in vitro translation

of the proteins to be selected (Ellman et al., 1991; Benner,
1994; Mendel et al., 1995).

[0136] Adfter each round of selection the enrichment of the
pool of genetic elements for those encoding the molecules of
interest can be assayed by non-compartmentalised 1n vitro
transcription/replication or coupled transcription-translation
reactions. The selected pool 1s cloned 1nto a suitable plasmid
vector and RNA or recombinant protein 1s produced from the
individual clones for turther purification and assay.

[0137] In a preferred aspect, the internal environment of a
microcapsule may be altered by addition of reagents to the o1l
phase of the emulsion. The reagents diffuse through the o1l
phase to the aqueous microcapsule environment. Preferably,
the reagents are at least partly water-soluble, such that a
proportion thereof 1s distributed from the oil phase to the
aqueous microcapsule environment. Advantageously, the
reagents are substantially insoluble 1n the o1l phase. Reagents
are preferably mixed into the o1l phase by mechanical mixing,
for example vortexing.

[0138] The reagents which may be added via the o1l phase
include substrates, bulfering components, factors and the
like. In particular, the internal pH of microcapsules may be
altered 1n situ by adding acidic or basic components to the o1l
phase.

[0139] The invention moreover relates to a method for pro-
ducing a gene product, once a genetic element encoding the
gene product has been sorted by the method of the invention.
Clearly, the genetic element itself may be directly expressed
by conventional means to produce the gene product. How-
ever, alternative techniques may be employed, as will be
apparent to those skilled in the art. For example, the genetic
information incorporated in the gene product may be incor-
porated into a suitable expression vector, and expressed there-
from.

[0140] The invention also describes the use of conventional
screening techniques to 1dentify compounds which are
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capable of interacting with the gene products identified by the
first aspect of the imnvention. In preferred embodiments, gene
product encoding nucleic acid 1s incorporated into a vector,
and mtroduced into suitable host cells to produce transformed
cell lines that express the gene product. The resulting cell
lines can then be produced for reproducible qualitative and/or
quantitative analysis of the effect(s) of potential drugs atfect-
ing gene product function. Thus gene product expressing
cells may be employed for the 1dentification of compounds,
particularly small molecular weight compounds, which
modulate (1.e., increase or decrease by at least 10% relative to
a sample without a test compound) the function of gene
product. Thus host cells expressing gene product are usetul
for drug screening and it 1s a further object of the present
invention to provide a method for identifying compounds
which modulate the activity of the gene product, said method
comprising exposing cells containing heterologous DNA
encoding gene product, wherein said cells produce functional
gene product, to at least one compound or mixture of com-
pounds or signal whose ability to modulate the activity of said
gene product 1s sought to be determined, and thereafter moni-
toring said cells for changes caused by said modulation. Such
an assay enables the i1dentification of modulators, such as
agonists, antagonists and allosteric modulators, of the gene
product. As used herein, a compound or signal that modulates
the activity of gene product refers to a compound that alters
the activity of gene product 1n such a way that the activity of
the gene product 1s different in the presence of the compound
or signal (as compared to the absence of said compound or
signal).

[0141] Cell-based screening assays can be designed by
constructing cell lines 1n which the expression of a reporter
protein, 1.¢. an easily assayable protein, such as [-galactosi-
dase, chloramphenicol acetyltransferase (CAT), green fluo-
rescent protein (GFP) or luciferase, 1s dependent on gene
product. Such an assay enables the detection of compounds
that directly modulate gene product function, such as com-
pounds that antagonise gene product, or compounds that
inhibit or potentiate other cellular functions required for the
activity of gene product.

[0142] The present invention also provides a method to
exogenously affect gene product dependent processes occur-
ring 1n cells. Recombinant gene product producing host cells,
¢.g. mammalian cells, can be contacted with a test compound,
and the modulating effect(s) thereof can then be evaluated by
comparing the gene product-mediated response in the pres-
ence and absence of test compound, or relating the gene
product-mediated response of test cells, or control cells (1.e.,
cells that do not express gene product), to the presence of the
compound.

[0143] In a further aspect, the invention relates to a method
for optimising a production process which involves at least
one step which 1s facilitated by a polypeptide. For example,
the step may be a catalytic step, which 1s facilitated by an
enzyme. Thus, the invention provides a method for preparing
a compound or compounds comprising the steps of:

[0144] (a) providing a synthesis protocol wherein at least
one step 1s facilitated by a polypeptide;

[0145] (b) preparing genetic elements encoding variants of
the polypeptide which facilitates this step, the expression of

which may result, directly or indirectly, 1n the modification of
the optical properties of the genetic elements;

[0146] (c) compartmentalising genetic elements into
microcapsules;
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[0147] (d) expressing the genetic elements to produce their
respective gene products within the microcapsules;

[0148] (e) sorting the genetic elements which produce
polypeptide gene product(s) having the desired activity using,
the changed optical properties of the genetic elements; and
[0149] (1) preparing the compound or compounds using the
polypeptide gene product i1dentified 1n (g) to facilitate the
relevant step of the synthesis.

[0150] By means of the mnvention, enzymes involved 1n the
preparation of a compound may be optimised by selection for
optimal activity. The procedure imnvolves the preparation of
variants of the polypeptide to be screened, which equate to a
library of polypeptides as refereed to herein. The variants may
be prepared in the same manner as the libraries discussed
clsewhere herein.

(B) SELECTION PROCEDURES

[0151] The system can be configured to select for RNA,
DNA or protein gene product molecules with catalytic, regu-
latory or binding activity.

[0152] (1) Selection for Binding

[0153] In the case of selection for a gene product with
allinity for a specific ligand the genetic element may be linked
to the gene product 1n the microcapsule via the ligand. Only
gene products with affinity for the ligand waill therefore bind
to the genetic element and only those genetic elements with
gene product bound via the ligand will acquire the changed
optical properties which enable them to be retained in the
selection step. In this embodiment, the genetic element will
thus comprise anucleic acid encoding the gene product linked
to a ligand for the gene product.

[0154] The change 1n optical properties of the genetic ele-
ment after binding of the gene product to the ligand may be
induced 1n a variety of ways, including;:

[0155] (1) the gene product itself may have distinctive opti-
cal properties, for example, it 1s fluorescent (e.g. green fluo-
rescent protein, (Lorenz et al., 1991)).

[0156] (2)the optical properties of the gene product may be
modified on binding to the ligand, for example, the fluores-
cence of the gene product 1s quenched or enhanced on binding
(Guixe et al., 1998; (Q1 and Grabowski, 1998)

[0157] (3) the optical properties of the ligand may be modi-
fied on binding of the gene product, for example, the fluores-
cence of the ligand 1s quenched or enhanced on binding (Voss,
1993; Masu1 and Kuramitsu, 1998).

[0158] (4) the optical properties of both ligand and gene
product are modified on binding, for example, there can be a
fluorescence resonance energy transter (FRET) from ligand
to gene product (or vice versa) resulting in emmaission at the
“acceptor” emmission wavelength when excitation 1s at the
“donor” absoption wavelength (Heim & Tsien, 1996;
Mahajan et al., 1998; Miyawaki et al., 1997).

[0159] Inthisembodiment, 1t 1s not necessary for binding of
the gene product to the genetic element via the ligand to
directly induce a change 1n optical properties. All the gene
products to be selected can contain a putative binding domain,
which 1s to be selected for, and a common feature—atag. The
genetic element 1n each microcapsule 1s physically linked to
the ligand. I the gene product produced from the genetic
clement has affinity for the ligand, 1t will bind to it and
become physically linked to the same genetic element that
encoded 1t, resulting 1n the genetic element being ‘tagged’. At
the end of the reaction, all of the microcapsules are combined,
and all genetic elements and gene products pooled together 1n
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one environment. Genetic elements encoding gene products
exhibiting the desired binding can be selected by adding
reagents which specifically bind to, or react specifically with,
the “tag” and thereby induce a change in the optical properties
of the genetic element allowing there sorting. For example, a
fluorescently-labelled anti-“tag™ antibody can be used, or an
anti-“tag” antibody {followed by a second fluorescently
labelled antibody which binds the first.

[0160] Inan alternative embodiment, genetic elements may
be sorted on the basis that the gene product, which binds to the
ligand, merely hides the ligand from, for example, further
binding partners which would otherwise modify the optical
properties of the genetic element. In this case genetic ele-
ments with unmodified optical properties would be selected.
[0161] In an alternative embodiment, the invention pro-
vides a method according to the first aspect of the invention,
wherein 1n step (b) the gene products bind to genetic elements
encoding them. The gene products together with the attached
genetic elements are then sorted as a result of binding of a
ligand to gene products having the desired binding activity.
For example, all gene products can contain an invariant region
which binds covalently or non-covalently to the genetic ele-
ment, and a second region which 1s diversified so as to gen-
crate the desired binding activity.

[0162] In an alternative embodiment, the ligand for the
gene product i1s itsell encoded by the genetic element and
binds to the genetic element. Stated otherwise, the genetic
clement encodes two (or indeed more) gene products, at least
one ol which binds to the genetic element, and which can
potentially bind each other. Only when the gene products
interact 1n a microcapsule 1s the genetic element modified 1n
a way that ultimately results 1n a change in a change 1n 1ts
optical properties that enables it to be sorted. This embodi-
ment, for example, 1s used to search gene libraries for pairs of
genes encoding pairs of proteins which bind each other.
[0163] Fluorescence may be enhanced by the use of Tyra-
mide Signal Amplification (TSA™) amplification to make
the genetic elements fluorescent. This mmvolves peroxidase
(linked to another protein) binding to the genetic elements
and catalysing the conversion of fluorescein-tyramine in to a
free radical form which then reacts (locally) with the genetic
clements. Methods for performing TSA are known 1n the art,
and kits are available commercially from NEN.

[0164] TSA may beconfigured suchthatitresults in a direct
increase 1n the fluorescence of the genetic element, or such
that a ligand 1s attached to the genetic element which 1s bound
by a second fluorescent molecule, or a sequence of molecules,
one or more of which 1s fluorescent.

[0165] (11) Selection for Catalysis

[0166] When selection 1s for catalysis, the genetic element
in each microcapsule may comprise the substrate of the reac-
tion. I the genetic element encodes a gene product capable of
acting as a catalyst, the gene product will catalyse the con-
version of the substrate into the product. Therefore, at the end
ol the reaction the genetic element 1s physically linked to the
product of the catalysed reaction.

[0167] It may also be desirable, 1n some cases, for the
substrate not to be a component of the genetic element. In this
case the substrate would contain an inactive “tag” that
requires a further step to activate it such as photoactivation
(e.g. of a “caged” biotin analogue, (Sundberg et al., 1995;
Pirrung and Huang, 1996)). The catalyst to be selected then
converts the substrate to product. The “tag” 1s then activated
and the “tagged” substrate and/or product bound by a tag-
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binding molecule (e.g. avidin or streptavidin) complexed
with the nucleic acid. The ratio of substrate to product
attached to the nucleic acid via the “tag” will therefore retlect
the ratio of the substrate and product 1n solution.

[0168] The optical properties of genetic elements with
product attached and which encode gene products with the
desired catalytic activity can be modified by either:

[0169] (1) the product-genetic element complex having
characteristic optical properties not found in the substrate-
genetic element complex, due to, for example;

[0170] (a) the substrate and product having different
optical properties (many fluorogenic enzyme substrates
are available commercially (see for example Haugland,
1996) including substrates for glycosidases, phos-
phatases, peptidases and proteases (Craig et al., 1995;

Huang et al., 1992; Brynes et al., 1982; Jones et al.,
1997; Matayoshi et al., 1990; Wang et al., 1990)), or

[0171] (b) the substrate and product having similar opti-
cal properties (1.e., measurable parameters of one or
more optical properties are within 5% of each other), but
only the product, and not the substrate binds to, or reacts
with, the genetic element;

[0172] (2) adding reagents which specifically bind to, or
react with, the product and which thereby induce a change in
the optical properties of the genetic elements allowing their
sorting (these reagents can be added before or after breaking
the microcapsules and pooling the genetic elements). The
reagents;

[0173] (a) bind specifically to, or react specifically waith,
the product, and not the substrate, if both substrate and
product are attached to the genetic element, or

[0174] (b) optionally bind both substrate and product it
only the product, and not the substrate binds to, or reacts
with, the genetic element.

[0175] The pooled genetic elements encoding catalytic
molecules can then be enriched by selecting for the genetic
clements with modified optical properties.

[0176] An alternative 1s to couple the nucleic acid to a
product-specific antibody (or other product-specific mol-
ecule). In this scenario, the substrate (or one of the substrates)
1s present in each microcapsule unlinked to the genetic ele-
ment, but has a molecular “tag” (for example biotin, DIG or
DNP or a fluorescent group). When the catalyst to be selected
converts the substrate to product, the product retains the “tag”
and 1s then captured in the microcapsule by the product-
specific antibody. In this way the genetic element only
becomes associated with the “tag” when 1t encodes or pro-
duces an enzyme capable of converting substrate to product.
When all reactions are stopped and the microcapsules are
combined, the genetic elements encoding active enzymes will
be “tagged” and may already have changed optical properties,
for example, 1 the “tag” was a fluorescent group. Alterna-
tively, a change 1n optical properties of “tagged™ genes can be
induced by adding a tluorescently labelled ligand which binds
the “tag” (for example fluorescently-labelled avidin/strepta-
vidin, an anti-“tag” antibody which 1s fluorescent, or a non-
fluorescent anti-*“tag” antibody which can be detected by a
second fluorescently-labelled antibody).

[0177] Alternatively, selection may be performed indi-
rectly by coupling a first reaction to subsequent reactions that
takes place 1n the same microcapsule. There are two general
ways 1n which this may be performed. In a first embodiment,
the product of the first reaction 1s reacted with, or bound by, a
molecule which does not react with the substrate of the first
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reaction. A second, coupled reaction will only proceed in the
presence of the product of the firstreaction. A genetic element
encoding a gene product with a desired activity can then be
purified by using the properties of the product of the second
reaction to induce a change 1n the optical properties of the
genetic element as above.

[0178] Altematively, the product of the reaction being
selected may be the substrate or cofactor for a second
enzyme-catalysed reaction. The enzyme to catalyse the sec-
ond reaction can either be translated 1n situ 1n the microcap-
sules or incorporated in the reaction mixture prior to microen-
capsulation. Only when the first reaction proceeds will the
coupled enzyme generate a product which can be used to
induce a change in the optical properties of the genetic ele-
ment as above.

[0179] This concept of coupling can be elaborated to incor-
porate multiple enzymes, each using as a substrate the prod-
uct of the previous reaction. This allows for selection of
enzymes that will not react with an immobilised substrate. It
can also be designed to give increased sensitivity by signal
amplification if a product of one reaction 1s a catalyst or a
colactor for a second reaction or series of reactions leading to
a selectable product (for example, see Johannsson and Bates,
1988; Johannsson, 1991). Furthermore an enzyme cascade
system can be based on the production of an activator for an
enzyme or the destruction of an enzyme 1nhibitor (see Mize et
al., 1989). Coupling also has the advantage that a common
selection system can be used for a whole group of enzymes
which generate the same product and allows for the selection
of complicated chemical transformations that cannot be per-
formed 1n a single step.

[0180] Such a method of coupling thus enables the evolu-
tion of novel “metabolic pathways™ 1n vitro 1n a stepwise
fashion, selecting and improving first one step and then the
next. The selection strategy 1s based on the final product of the
pathway, so that all earlier steps can be evolved independently
or sequentially without setting up a new selection system for
cach step of the reaction.

[0181] Expressed in an alternative manner, there 1s pro-
vided a method of 1solating one or more genetic elements
encoding a gene product having a desired catalytic activity,
comprising the steps of:

[0182] (1) expressing genetic elements to give their respec-
tive gene products;

[0183] (2) allowing the gene products to catalyse conver-
sion of a substrate to a product, which may or may not be
directly selectable, 1n accordance with the desired activity;

[0184] (3) optionally coupling the first reaction to one or
more subsequent reactions, each reaction being modulated by
the product of the previous reactions, and leading to the
creation of a final, selectable product;

[0185] (4) linking the selectable product of catalysis to the
genetic elements by either:

[0186] a) coupling a substrate to the genetic elements 1n
such a way that the product remains associated with the
genetic elements, or

[0187] b) reacting or binding the selectable product to
the genetic elements by way of a suitable molecular
“tag” attached to the substrate which remains on the
product, or

[0188] c¢) coupling the selectable product (but not the
substrate) to the genetic elements by means of a product-
specific reaction or interaction with the product; and
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[0189] (5) selecting the product of catalysis, together with
the genetic element to which 1t 1s bound, either by means of its
characteristic optical properties, or by adding reagents which
specifically bind to, or react specifically with, the product and
which thereby induce a change in the optical properties of the
genetic elements wherein steps (1) to (4) each genetic ele-
ment and respective gene product 1s contained within a micro-
capsule.

[0190] (i) Selecting for Enzyme Substrate Specificity/Se-
lectivity
[0191] Genetic elements encoding enzymes with substrate

specificity or selectivity can be specifically enriched by car-
rying out a positive selection for reaction with one substrate
and a negative selection for reaction with another substrate.
Such combined positive and negative selection pressure can
improve (1.e., increase by at least 10%) the specificity or
selectivity of the enzyme for a given substrate, and should be
ol great importance 1n 1solating regio-selective and stereo-
selective enzymes (for example, enzymes that can distinguish
between two enantiomers ol the same substrate). For
example, two substrates (e.g. two different enantiomers) are
cach labelled with different tags (e.g. two different fluoro-
phores) such that the tags become attached to the genetic
clement by the enzyme-catalysed reaction. If the two tags
conier different optical properties on the genetic element the
substrate specificity of the enzyme can be determined from
the optical properties of the genetic element and those genetic
clements encoding gene products with the wrong (or no)
specificity rejected. Tags conferring no change in optical
activity can also be used 1f tag-specific ligands with different
optical properties are added (e.g. tag-specific antibodies
labelled with different fluorophores).

[0192] (1v) Selection for Regulation

[0193] A similar system can be used to select for regulatory
properties of enzymes.

[0194] In the case of selection for a regulator molecule
which acts as an activator or inhibitor of a biochemical pro-
cess, the components of the biochemical process can either be
translated 1n s1tu 1n each microcapsule or can be incorporated
in the reaction mixture prior to microencapsulation. If the
genetic element being selected 1s to encode an activator,
selection can be performed for the product of the regulated
reaction, as described above in connection with catalysis. IT
an 1nhibitor 1s desired, selection can be for a chemical prop-
erty specific to the substrate of the regulated reaction.

[0195] There 1s therefore provided a method of sorting one
or more genetic elements coding for a gene product exhibiting
a desired regulatory activity, comprising the steps of:

[0196] (1) expressing genetic elements to give their respec-
tive gene products;

[0197] (2) allowing the gene products to activate or inhibit
a biochemical reaction, or sequence of coupled reactions, 1n
accordance with the desired activity, in such a way as to allow
the generation or survival of a selectable molecule;

[0198] (3) linking the selectable molecule to the genetic
clements either by

[0199] a) having the selectable molecule, or the substrate
from which 1t derives, attached to the genetic elements,
or

[0200] b) reacting or binding the selectable product to

the genetic elements, by way of a suitable molecular
“tag” attached to the substrate which remains on the
product, or
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[0201] c¢) coupling the product of catalysis (but not the
substrate) to the genetic elements, by means of a prod-
uct-specific reaction or interaction with the product;

[0202] (4) selecting the selectable product, together with
the genetic element to which 1t 1s bound, either by means of its
characteristic optical properties, or by adding reagents which
specifically bind to, or react specifically with, the product and
which thereby induce a change 1n the optical properties of the
genetic elements wherein steps (1) to (3) each genetic ele-
ment and respective gene product 1s contained within a micro-
capsule.

[0203] (v) Selection for Optical Properties of the Gene
Product
[0204] Itis possible to select for inherent optical properties

of gene products 1if, 1n the microcapsules, the gene product
binds back to the genetic element, for example through a
common element of the gene product which binds to a ligand
which 1s part of the genetic element. After pooling the genetic
clements they can then be sorted using the optical properties
of the bound gene products. This embodiment can be used, for
example, to select variants of green fluorescent protein (GFP)
(Cormack et al., 1996; Delagrave et al., 1995; Ehrig et al.,
19935), with improved fluorescence and/or novel absoption
and emmission spectra.

[0205] (v1) Flow Sorting of Genetic Elements

[0206] In a preferred embodiment of the invention the
genetic elements will be sorted by flow cytometry. A variety
ol optical properties can be used to trigger sorting, including
light scattering (Kerker, 1983) and fluorescence polarisation
(Rolland et al., 1983). In a highly preferred embodiment the
difference 1n optical properties of the genetic elements will be
a difference 1n fluorescence and the genetic elements will be
sorted using a tluorescence activated cell sorter (Norman,
1980; Mackenzie and Pinder, 1986), or similar device. In an
especially preferred embodiment the genetic element com-
prises ol a nontluorescent nonmagnetic (e.g. polystyrene) or
paramagnetic microbead (see Fornusek and Vetvicka, 1986),
optimally 0.6 to 1.0 um diameter, to which are attached both
the gene and the groups involved 1n generating a fluorescent
signal:

[0207] (1) commercially available fluorescence activated
cell sorting equipment from established manufacturers (e.g.
Becton-Dickinson, Coulter) allows the sorting of up to 10°
genetic elements (events) per hour;

[0208] (2) the fluorescence signal from each bead corre-
sponds tightly to the number of fluorescent molecules
attached to the bead. At present as little as few hundred
fluorescent molecules per particle can be quantitatively
detected;

[0209] (3) the wide dynamic range of the fluorescence
detectors (typically 4 log units) allows easy setting of the
stringency of the sorting procedure, thus allowing the recov-
ery of the optimal number of genetic elements from the start-
ing pool (the gates can be set to separate beads with small
differences 1n fluorescence or to only separate out beads with
large differences 1n tluorescence, dependant on the selection
being performed;

[0210] (4) commercially available fluorescence-activated
cell sorting equipment can perform simultaneous excitation
at up to two different wavelengths and detect fluorescence at
up to four different wavelengths (Shapiro, 1983) allowing
positive and negative selections to be performed simulta-
neously by monitoring the labelling of the genetic element
with two (or more) different fluorescent markers, for
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example, 1f two alternative substrates for an enzyme (e.g. two
different enantiomers) are labelled with different fluorescent
tags the genetic element can labelled with different fluoro-
phores dependent on the substrate used and only genes encod-
ing enzymes with enantioselectivity selected.

[0211] (5) highly uniform derivatised and non-derivatised
nonmagnetic and paramagnetic microparticles (beads) are
commercially available from many sources (e.g. Sigma, and
Molecular Probes) (Fornusek and Vetvicka, 1986).

[0212] (v11) Multi-Step Procedure

[0213] It will be also be appreciated that according to the
present invention, 1t 1s not necessary for all the processes of
transcription/replication and/or translation, and selection to
proceed 1n one single step, with all reactions taking place in
one microcapsule. The selection procedure may comprise
two or more steps. First, transcription/replication and/or
translation of each genetic element of a genetic element
library may take place 1n a first microcapsule. Each gene
product 1s then linked to the genetic element which encoded
it (which resides 1n the same microcapsule), for example via
a gene product-specific ligand such as an antibody. The
microcapsules are then broken, and the genetic elements
attached to their respective gene products optionally purified.
Alternatively, genetic elements can be attached to their
respective gene products using methods which do not rely on
encapsulation. For example phage display (Smith, G. P,
1983), polysome display (Mattheakkis et al., 1994), RNA-
peptide fusion (Roberts and Szostak, 1997) or lac repressor
peptide fusion (Cull, et al., 1992).

[0214] In the second step of the procedure, each purified
genetic element attached to 1ts gene product 1s put 1nto a
second microcapsule containing components of the reaction
to be selected. This reaction 1s then mitiated. After completion
of the reactions, the microcapsules are again broken and the
modified genetic elements are selected. In the case of com-
plicated multistep reactions in which many imndividual com-
ponents and reaction steps are mvolved, one or more inter-
vening steps may be performed between the 1nitial step of
creation and linking of gene product to genetic element, and
the final step of generating the selectable change in the
genetic element.

[0215] If necessary, release of the gene product from the
genetic element within a secondary microcapsule can be
achieved 1n a variety of ways, including by specific competi-
tion by a low-molecular weight product for the binding site or
cleavage of a linker region joining the binding domain of the
gene product from the catalytic domain either enzymatically
(using specific proteases) or autocatalytically (using an inte-
orin domain).

[0216] (vin) Selection by Activation of Reporter Gene
Expression In Situ

[0217] The system can be configured such that the desired
binding, catalytic or regulatory activity encoded by a genetic
clement leads, directly or indirectly to the activation of
expression of a “reporter gene” that 1s present in all micro-
capsules. Only gene products with the desired activity acti-
vate expression ol the reporter gene. The activity resulting
from reporter gene expression allows the selection of the
genetic element (or of the compartment containing 1t) by any
of the methods described herein.

[0218] For example, activation of the reporter gene may be
the result of a binding activity of the gene product in a manner
analogous to the “two hybrid system” (Fields and Song,
1989). Activation can also result from the product of a reac-
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tion catalysed by a desirable gene product. For example, the
reaction product can be a transcriptional inducer of the
reporter gene. For example arabinose may be used to induce
transcription from the araBAD promoter. The activity of the
desirable gene product can also result in the modification of a
transcription factor, resulting 1n expression of the reporter
gene. For example, 11 the desired gene product 1s a kinase or
phosphatase the phosphorylation or dephosphorylation of a
transcription factor may lead to activation of reporter gene

eXpression.
[0219] (ix) Amplification
[0220] According to a turther aspect of the present mven-

tion the method comprises the further step of amplitying the
genetic elements. Selective amplification may be used as a
means to enrich for genetic elements encoding the desired
gene product.

[0221] In all the above configurations, genetic material
comprised in the genetic elements may be amplified and the
process repeated 1n iterative steps. Amplification may be by
the polymerase chain reaction (Saiki et al., 1988) or by using
one of a variety of other gene amplification techniques includ-
ing; Qb replicase amplification (Cahill, Foster and Mahan,
1991; Chetverin and Spirin, 1995; Katanaev, Kurnasov and
Spirin, 1995); the ligase chain reaction (LCR) (Landegren et
al., 1988; Barany, 1991); the self-sustained sequence replica-
tion system (Fahy, Kwoh and Gingeras, 1991) and strand
displacement amplification (Walker et al., 1992).

[0222] Various aspects and embodiments of the present
invention are 1llustrated 1n the following examples. It will be
appreciated that modification of detaill may be made without
departing from the scope of the invention.

[0223] All documents mentioned 1n the text are mcorpo-
rated by reference.

EXAMPLES

Example 1

[0224] Enzymes can be expressed from genes 1n solution
and genes attached to paramagnetic microbeads with 1denti-
cal efliciency.

[0225] One format for the selection of genetic elements by
using a change 1n their optical properties 1s one 1n which the
genetic element comprises a microbead to which the gene 1s
attached. Here 1t 1s shown how a gene for an enzyme (L. coli
dihydrofolate reductase) can be linked to a paramagnetic
bead and 1s translated 1n vitro just as etficiently as in solution.
[0226] Thel. colitolA gene encoding dihydrofolate reduc-
tase (DHFR) 1s PCR-amplified using oligonucleotides EDH-
FRFo and EDHFRBa. This DNA is then cloned into the
pGEM-47 vector (Promega) digested with HindIII and Kpnl
downstream of the lac promoter and the T7 RNA polymerase
promoter. The oligonucleotide EDHFRBa appends the effi-
cient phage 17 gene 10 translational start site upstream of the
DHEFR start codon.

[0227] DNA sequencing identifies a clone which has the
correct nucleotide sequence. Bacteria transformed with this
clone (pGEM-10lA) are found to over-express active DHFR
(driven from the lac promoter) when induced with IPTG.

[0228] The folA gene in pGEM-1ol A plasmid 1s then PCR -
amplified using primers 1ol A-FW and 10l A-BW, the resulting
DNA fragment in HindIII and Xhol digested and subcloned
into  HindIIl/Xhol-digested pET23a expression vector
(Novagen) to give construct pET23a/folA. The sequence of
PCR-amplified folA gene was verified by sequencing.
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[0229] pET23a/fol A was further amplified with 3'-biotiny-
lated primers pETIor.b and pETrev.b and radio-labelled by
including 10 uCi a>>S-DATP (Amersham Pharmacia Bio-
tech, U.K.) in the PCR mix. The resulting 1765 bp double
biotinylated fragment T7-folA was gel purified using a
Qiagen kit and quantified spectrophotometrically. The spe-

cific activity of the product was 210000 CPM/pmol T/7-1olA
DNA, as measured on the Beckman L.S6000SC scintillation
counter. 10 nM and 1 nM dilutions of this DNA were made 1n
1 mg/ml HindIII digested lambda DNA to eliminate non-
specific binding to the plastic). This PCR fragment was used
thereafter to program a prokaryotic 1n vitro coupled transcrip-
tion/translation system designed for linear templates (Lesley,
Brow and Burgess, 1991). A commercial preparation of this
system 1s used (L. coli S30 Extract System for Linear Tem-
plates; Promega) supplemented with T7 RNA polymerase
(10° units).

[0230] The DNA fragment 1s bound to streptavidin-para-
magnetic beads (0.74 um diameter Sera-Mag beads, biotin-
binding capacity 46 nmol/mg, Seradyn, USA), partially pre-
coated with biotinylated protein A (Sigma). 2 ul of 80 uM
biotinylated protein A 1s added to 100 ul (1 mg) beads,
allowed to bind at room temperature for 1 hour, washed once

and coated for one hour at room temperature with rabbit IgG
(10 ul 1 mg/ml antibody per 1 mg beads 1n TBS/0.1% Tween-

20 (TBST)). Beads were thereafter washed twice with TBS/T
before radiolabeled biotinylated T7-folA DNA was added
and allowed to bind for 1 hour at room temperature. The
amount of bound T7-folA DNA was calculated by counting
the radioactivity bound to an aliquot of beads. ~50% of the
total DNA was bound.

[0231] DNA fragments bound on beads or unbound DNA
fragment are added directly to the S30 Extract System. Reac-
tions are incubated for 2 hours at 37° C.

[0232] Dihydroiolate reductase activity 1s assayed by spec-
trophotometrically monitoring the oxidation of NADPH to
NADP at 340 nm over a 10 minute time course as described
by (Williams et al., 1979; Ma et al., 1993). 2 ul of each
quenched 1n vitro translation reaction 1s added to 130 ul
Butfer A (100 mM Imidazole, pH 7.0, 10 mM p-mercaptoet-
hanol) and 20 ul 1 mM NADPH. 20 ul dihydrofolate (1
mM)(H,F) 1s added after 1 minute and the reaction monitored
at 340 nm using a ThermoMax microplate reader (Molecular
Devices). Activity 1s calculated by imitial velocities under
So>>K, . conditions (vmax).

[0233] There 1s no significant difference in the amount of
acttve DHFR produced if the DNA 1s iree, or attached via

terminal biotins to a streptavidin coated bead (see FIG. 1).

Example 2

[0234] A fluorescent protein (GFP) can be translated in
vitro from genes attached to single microbeads encapsulated
in the aqueous compartments of a water-in-o1l emulsion and
the translated gene-product bound back to the microbeads
making them fluorescent.

[0235] One format for the selection of genetic elements 1s
where the genetic element comprises a gene linked to a micro-
bead and the product 1s coupled back onto the microbead
within the microcapsule resulting directly, or indirectly, 1n a
change 1n the optical properties of the microbead which
allows 1t to be sorted.

[0236] Here 1t 1s shown that a fluorescent protein (green
fluorescent protein or GFP) can be transcribed and translated
in vitro from genes attached to single microbeads encapsu-
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lated 1n the aqueous compartments ol a water-in-o1l emulsion
and the translated gene-product bound back the microbeads
making them fluorescent.

[0237] The GFP 1 pBS/GFP6 plasmid (Siemering et al.,
1996) was PCR-amplified using primers GFP-FW and GFP-
BW, the resulting DNA fragment in HindIIl and Xhol
digested and subcloned into HindIIl/ Xhol-digested pET23a
expression vector (Novagen) to give construct pET23a/GFEP.
The sequence of PCR-amplified GFP gene was verified by
sequencing. pET23a/GFP was turther amplified with 5'-bioti-
nylated primers pE'T1or.b and pETrev.b. The resulting 2038
bp double biotinylated fragment T7-GFP was gel purified
using a Qiagen kit and quantified spectrophotometrically. 10
nM and 1 nM dilutions of this DNA were made in 1 mg/ml
HindIII digested lambda DNA to eliminate non-specific bind-
ing to the plastic). This PCR fragment was used thereafter to
program a prokaryotic in vitro coupled transcription/transla-
tion system designed for linear templates (Lesley, Brow and
Burgess, 1991). A commercial preparation of this system 1s
used (£. coli S30 Extract System for Linear Templates;
Promega) supplemented with T7 RNA polymerase (10°
units).

[0238] As a control, a biotinylated 1765 bp DNA fragment
T7-10lA (synthesised by PCR as in example 1) was used to
program the synthesis of the non-tluorescent protein DHFR.

[0239] 150 ul ProActive streptavidin-coated paramagnetic
beads (Bangs Laboratories, 2x10” beads/ul) were suspended
in 5 mM Tris 7.4/1M NaCl/0.1% Tween20 and split into three
aliquots of 30 ul. 0.5 ul 01 0.2 uM DNA (1T7-1olA or T7-GFP)
was added to each aliquot of beads, incubated at 43° C. for 15
min, washed three times 1n 25 mM NaH,PO,, 125 mM Na(l,
0.1% Tween20, pH 7.0 (PBS/0.1% Tween20), resuspended 1n
40 ul TBST and 10 ul 80 uM biotinylated protein A (Sigma)
was added (to give final concentration of 15 uM). After incu-
bation for 30 minutes at room temperature, the beads were
washed three times 1n PBS/0.1% Tween20 and resuspended
in 20 pl 1:10 dilution rabbit anti-GFP polyclonal antibody
(Clontech) or 1 mg/ml unimmunised rabbit 1gG (Sigma).
After incubation for 30 minutes at room temperature, the
beads were washed three times 1n PBS/0.1% Tween20 and
resuspended 1n 15 ul of S30 premix from an £. coli S30
Extract System for Linear Templates (Promega), sonicated
for one minute 1n a sonication bath, then the rest of the S30 in

vitro translation mixture was added (on ice) and supple-
mented with T7 RNA polymerase (10 units).

[0240] The 50 ul 1ce-cooled 1 vitro translation reactions
were added gradually (1n 5 aliquots of 10 ul over ~2 minutes)
to 0.95 ml of 1ce-cooled oil-phase (freshly prepared by dis-
solving 4.5% (v/v) Span 80 (Fluka) 1in mineral o1l (Sigma,
#M-5904) followed by 0.5% (v/v) Tween 80 (SigmaUltra;
#P-8074) 1n a 5 ml Costar Biofreeze Vial (#2051)) whilst
stirring with a magnetic bar (8x3 mm with a pivot ring;
Scientific Industries International, Loughborough, UK). Stir-
ring (at 1150 rpm) was continued for an additional 3 minutes
on 1ce. Reactions were then incubated 3 h at 32° C.

[0241] 2 ul of emulsion were spread on a microscope slide
beneath a 13 mm round cover slip and visualised using a
20xNeotluar objective on an Axioplan microscope (Zeiss)
equipped with an RTEA CCD-1300-Y CCD camera (Princ-
cton Instruments). Standard excitation and emission filters for
fluorescein were used and 1mages were processed with IPLab
software.

[0242] As can be seen from FIG. 2 the GFP translated from
genes attached to single microbeads encapsulated in the aque-
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ous compartments of the emulsions 1s bound to the micro-
beads m situ when the microbeads are coated with an anti-
GFP antibody. This binding 1s observed as concentration of
fluorescence on the beads by epifluorescence microscopy. No
bead fluorescence 1s observed when eirther the GFP gene or
the anti-GFP antibody are missing.

Example 3

[0243] A fluorescent protein (GFP) can be translated in
vitro from genes attached to single microbeads encapsulated
in the aqueous compartments of a water-in-o1l emulsion, the
translated gene-product bound back the microbeads and the
increased fluorescence of the microbeads detected by flow
cytometry.

[0244] 150 ul streptavidin-coated polystyrene beads (diam-
eter 1 uM; Bangs Laboratories, 2x10’ beads/ul) were sus-
pended 1 S mM Tris 7.4/1M NaCl/0.1% Tween20 and split
into three aliquots of 50 ul. 0.5 ul 01 0.2 uM DNA (T7-10lA or
T7-GFP) was added to each aliquot of beads, incubated at 43°
C. for 15 min, washed three times in 25 mM NaH,PO,, 125
mM NaCl, 0.1% Tween20, pH 7.0 (PBS/0.1% Tween20),
resuspended 1 40 ul TBST and 10 ul 80 uM biotinylated
protein A (Sigma) was added (to give final concentrationof 15
uM). After incubation for 30 minutes at room temperature,
the beads were washed three times in PBS/0.1% Tween20 and
resuspended 1 20 ul 1:10 dilution rabbit anti-GFP polyclonal
antibody (Clontech) or 1 mg/ml unimmunised rabbit IgG
(S1igma). After incubation for 30 minutes at room tempera-
ture, the beads were washed three times 1n PBS/0.1%
Tween20 and resuspended 1n 15 ul of S30 premix from an £.
coli S30 Extract System for Linear Templates (Promega),
sonicated for one minute 1n a sonication bath, then the rest of
the S30 1n vitro translation mixture was added (on 1ce) and
supplemented with T7 RNA polymerase (10° units). The 50 ul
ice-cooled 1n vitro translation reactions were added gradually
(in S5 aliquots of 10 ul over ~2 minutes) to 0.95 ml of 1ce-
cooled oil-phase (freshly prepared by dissolving 4.5% (v/v)
Span 80 (Fluka) 1n mineral o1l (Sigma, #M-5904) followed by
0.5% (v/v) Tween 80 (SigmaUltra; #P-8074) in a 5 ml Costar
Biofreeze Vial (#2051)) whilst stirring with a magnetic bar
(8x3 mm with a pivot ring; Scientific Industries International,

Loughborough, UK). Stirring (at 1150 rpm) was continued
for an additional 3 minutes on 1ce. Reactions were then 1incu-
bated 3 h at 32° C. To recover the reaction mixtures, the
emulsions were spun at 3,000 g for 5 minutes and the o1l phase
removed leaving the concentrated (but still intact) emulsion at
the bottom of the vial. PBS and 2 ml of water-saturated ether
were added and the mixture was vortexed, centrifuged brietly,
and the ether phase removed. Beads were washed twice with
PBS and finally resuspended at 108 beads/ml in PBS. 10*
beads were analysed using a FACScalibur flow cytometer
(Becton Dickinson) using excitation at 488 nm and the fluo-
rescein emission filter. The GFP translated from genes
attached to single microbeads encapsulated in the aqueous
compartments of the emulsions 1s bound to the microbeads 1n
situ when the microbeads are coated with an anti-GFP anti-
body. The binding of GFP to the microbeads makes them
fluorescent (F1G. 2), and those beads with GFP bound can be

clearly distinguished from those which do not by tlow cytom-
etry (FIG. 3).

Example 4

[0245] The product of an enzyme catalysed reaction can be
captured on paramagnetic beads and beads derivatised with
product 1dentified by tlow cytometry.
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[0246] A reaction catalysed by the enzyme human glu-
tathione S-transferase M2-2 (GST M2-2) was performed to
generate a biotinylated product (FIG. 4). The two substrates
used were 1-chloro-2,4-dimitrobenzene (CDNB; Sigma) and
reduced biotinylated-glutathione (Biotin-GSH). The product
generated (Biotin-GS-DNP) has biotin at one end to enable
coupling to streptavidin-coated paramagnetic microparticles
and a 2,4-dinitrophenol (DNP) group which can be bound by
an anti-DNP antibody.

[0247] Biotin-GSH was synthesised by adding 100 mg
biotinamidocaproate N-hydroxysuccinimide ester (biotin-
NHS; Sigma) in 1 ml DMF to a solution of oxidised glu-
tathione (Fluka) in 1 ml water, 30 ul 12.5N NaOH plus 1 ml
DMEF. The biotin-NHS was added, on ice, in 100 ul aliquots
over 20 minutes. The pH was then adjusted to 7.0 with 1N
NaOH. The syrup-like precipitate which formed during the
reaction was dissolved by warming to room temperature,
vortexing and adding 300 ul water. Stirring was continued for
2 hours at room temperature, the pH brought back to 7.0 by
adding 1N NaOH and stirred overnight at room temperature.
NaOH was then used to bring the pH back to 7.5, the reaction
stirred a further 30 minutes at room temperature and then
incubated 30 minutes more aiter adding 500 ul 1M DTT. The
solvents were evaporated under vacuum and the product puri-
fied by reverse-phase HPLC using a C8 column and a gradient
ol 10-40% Acetonitrile, 0.1% TFA. Biotin-GS-DNP was syn-
thesised enzymatically 1n a 100 ul reaction containing 1 ug
purified recombinant GST M2-2, 500 uM CDNB and 200 uM
Biotin-GSH 1n 0.1 M KH,PO,, 1 mM EDTA, pH6.5. Incu-
bation was for 1 hour at 25° C. The reaction went essentially
to completion as judged by following the increase 1n absor-
bance at 340 nm. Control reactions were also performed 1)
with no GST, 2) with no CDNB, and 3) with no biotin-GSH.
Reactions were diluted 200 times (giving a final concentra-
tion of 1 uM biotin) into 5 mM Tris-HCI, 0.5 mM EDTA, 1.0
M NaCl, pH7.4 (B/W butler). 50 ul of the diluted reactions
were mixed with 50 pl B/W buffer containing 29.3 ug (10°
microparticles) 0.737 um diameter Sera-Mag™ streptavidin-
coated magnetic microparticles IMG-SA; Seradyn) and 1ncu-
bated 1 hour at room temperature. Microparticles were sepa-

rated 1n a microtitre plate (Falcon 3911) using a magnet
(Dynal MPC-96) and washed three times with 10 mM Tr1s-

HCl, 1 mM EDTA, 2.0 M NaCl, pH7.4 (2xB/W buliler), then
twice with PBS, 0.1% Tween 20. The microparticles were
resuspended 1 a 1:23500 dilution of the mouse anti-dinitro-
phenol monoclonal antibody SPE 21-11 (a gift from Prof.
Zelig Eshhar) in PBS/0.1% Tween 20 and incubated 45 min-
utes at room temperature. The microparticles were washed
three times 1n PBS/0.1% Tween 20, resuspended in PBS/0.
1% Tween 20 containing 15 ug/ml fluorescein (FI'TC)-conju-
gated F(ab'), fragment goat anti-mouse 1gG, F(ab')2 fragment
(Jackson; 115-096-006) and incubated 30 minutes at room
temperature. The microparticles were washed four times in
PBS/0.1% Tween 20, resuspended 1 ml PBS/0.1% Tween 20
and 2x10° microparticles analysed using a FACScan flow
cytometer (Becton Dickinson). As can be seen from FIG. 5,
there 1s no difference 1n the distribution of fluorescence inten-
sity of beads from all three control reactions (no GST, no
CDNB, and no biotin-GSH), where mean fluorescence 1s ~3.
In contrast beads from the enzyme catalysed reaction have a
mean fluorescence of 34, over 10 times higher. Indeed, using
the gate shown (FIG. 5), 81.1% of beads from the enzyme
catalysed reaction (and coated with the biotinylated product)
are 1n the gate whereas 1n the control reactions no more than
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0.06% of beads are 1n the gate. Hence, beads coated with the
product of the GST catalysed reaction can easily be sorted
from those which are not.

Example 5

[0248] Glutathione S-transferase M2-2 (GST M2-2) will
use as a substrate caged-biotinylated-glutathione and the
caged-biotinylated product generated can subsequently be
uncaged by UV 1rradiation, captured on avidin-coated beads
and detected by tlow cytometry

[0249] The synthesis of caged-biotin (5) and 1ts derivatives
(7) was based on the published protocols (Pirrung & Huang,
1996; Sundberg et al. (1993). However, significant modifica-
tions of these protocols were made in several steps of the
synthesis as described below.

[0250] Biotin methyl ester (3, Biotin-OMe) was prepared
essentially as described 1n Sundberg etal. (1995) (see FIG. 6):

[0251] Methylnitropiperonyl alcohol (1, MeNPOH). 3'.,4-
(Methylenedioxy)-6'-nitroacetophenone (Lancaster; 6.2 g.,
29.6 mmol) was dissolved 1n a mixture of THF (100 ml) and
cthanol (100 ml). Sodium borohydride (1.12 g., 29.6 mmol)
was added and the solution stirred for 3 hours at room tem-
perature. TLC (on silica coated plates; solvent—3% metha-
nol 1n DCM) indicated the full conversion of the starting
material (R1=0.8) to the alcohol (R1=0.6). Hydrochloric acid
(IN) was added slowly until the evolution of hydrogen
stopped and the solvents evaporated under vacuum. The
residual solid was dissolved 1n DCM (500 ml) and washed
with brine (40 ml). The organic phase was dried (over
MgSQO,) and the solvent removed under vacuum. Recrystal-
lisation from hot DCM and hexane gave 6.1 g. of 1 (a yellow
crystalline solid).

O-Methylnitropiperonyl-carbonylimdazole (2,
MeNPO-CO-Im)

[0252] Methylnitropiperonyl alcohol (1.69 g, 8 mmol) was
added (1n several portions during 20 minutes) to a solution of
carbonyldiimidazole (CDI, 2.6 g, 16 mmol) in DCM (50 ml).
The solution was stirred for 3 hrs after which TLC indicated
the complete conversion of the alcohol (R1=0.6-3% methanol
in DCM) into product (R1=0.45). DCM (100 ml) and water
(30 ml) were added and the reaction mixture transferred to a
separatory funnel. The mixture was mixed and 1N HCI was
added (in 1 ml aliquots) until the pH of the aqueous phase

went below 6. The aqueous phase was removed, more water
added (30 ml) and acidified to pH 6 while mixed. Finally, the

DCM phase was washed with brine, dried (over MgSO,, ) and
the solvent removed under vacuum. The remnant solid was
re-crystallised from hot DCM and hexane to give 2.2 gof 2 (a
yellow crystalline solid).

[0253] N—(O-Methylmtropiperonyl-carbonyl)-Biotin
methyl ester (4, MeNPO-CO-Biotin-OMe). Sodium hydride

(60% suspension 1n oil; 100 mg, 2.5 mmol) was added to a
stirred suspension of Biotin-OMe (317 mg, 2 mmol) and
MeNPO-CO-Im (305 mg, 1 mmol) 1n anhydrous DCM (10
ml) on ice. The solution was stirred for 30 minutes on 1ce and

30 minutes at room temperature. TLC indicated the complete
disappearance of the MeNPO-CO-Im (R1=0.6-5% methanol

in DCM) and the appearance of the product (R1=0.45). Traces
of alcohol 1 (R1=0.7), and a side-product with R1=0.95 (prob-
ably di-MeNPO-carbonate) were also observed (The ratio of
product vs. the above side-product varied from one prepara-
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tion to another; careful drying of the starting materials and
performing the reaction on ice gave generally higher yields of
the product).

[0254] Once the reaction had been completed, DCM was
added (100 ml) and the solution extracted three times with 1M
NaH,PO,. The organic phase was dried (MgSO, ) and the
solvent removed under vacuum. The remnant syrup was dis-
solved 1n hot DCM (ca. 5 ml), hexane (ca. 5 ml) was added to
the cloud-point and the solution was allowed to stand at 4° C.
overnight. This resulted i the precipitation of the excess of
the Biotin-OMe as a white crystalline solid (which was
washed with ether, dried and used 1n subsequent reactions).
The filtrate was concentrated 1n vacuum and purified by chro-
matography on silica (1.5 to 3% methanol 1n DCM) to give 4
as a yellow foam (with yields up to 385 mg, or 80% based on
molar equivalents of 2 as starting material).

N—(O-Methylnitropiperonyl-carbonyl)-Biotin (5,
MeNPO-CO-Biotin-OH)

[0255] MeNPO-CO-Biotin-OMe (940 mg; 1.73 mmol)
was dissolved 1n 25 ml of 0.5N HCl and dioxane (4:6; flashed
with argon). The solution was stirred at 44° C. for 24 hours
under argon. The solvents were reduced under vacuum to ca.
1 ml, water was added (10 ml) and the resulting mixture
lyophilised. The resulting solid was dissolved 1n DCM with
2% methanol (20 ml) and charcoal was added. The mixture
was boiled for few minutes and filtered. TLC (10% methanol
in DCM) indicated the appearance of the product of the
hydrolysis (R1=0.2) and about 5% of starting material
(MeNPO-CO-Biotin-OMe; Ri=0.9). The solvents were
removed under vacuum to give a yellow solid that was dried
under vacuum (860 mg of ca. 95% of 3 plus 5% of 4). Higher
concentrations of HCI (e.g., 1N) and higher temperatures
(e.g., reflux with THF as a co-solvent) resulted in complete
hydrolysis of the methyl ester. However, significant amount
of alcohol 1 and biotin were also observed, indicating the
hydrolysis of the carbamate under these conditions. It should
also be noted that methyl ester 4, and 1n particular, the product
of 1ts hydrolysis (5) were found to be sensitive to oxidation.
Warming or even storing solutions of 5 in the presence of air
resulted 1n browning. Similarly, attempts to purily 5 (or
derivatives of, e.g., 7) by chromatography on silica led to very
high losses due to oxidation.

[0256] N—(IN—(O-Methylnitropiperonyl-carbonyl)-Bi-
otin)-3-aminopropionic acid tert-butyl ester (6, MeNPO-CO-
Biotin-f-Ala-OBu’). MeNPO-CO-Biotin-OH (860 mg con-
taining ~5% of MeNPO-CO-Biotin-Ome; ~1.6 mmol) was
dissolved 1n 20 ml of anhydrous DCM. [3-Alanine tert-butyl
ester (H-f-Ala-OBu’) hydrochloride salt (Bachem; 362 mg; 2
mmol), N-hydroxysuccinimide (172 mg; 1.5 mmol) and tri-
cthylamine (280 ul; 2 mmol) were added. The stirred solution
was cooled on 1ce and EDCI was added (420 mg; 2.2 mmol).
The reaction was stirred for 24 hours at 4° C. and 2 hours at
room temperature. TLC (5% methanol in DCM) indicated the
appearance of the product (R1=0.3) and the remaining, unre-
acted MeNPO-CO-Biotin-OMe (R1=0.45). The reaction was
diluted with DCM (30 ml) and extracted three times with 1M
NaH,PO, and once with saturated NaHCO,. The organic
phase was dried (Na,SO,) and the solvent removed under
vacuum. The remnant syrup was purified by chromatography
on silica (3.0-4.5% methanol 1n DCM) to give 640 mg o1 6 (a
yellow foam).

[0257] N—(IN—(O-Methylnitropiperonyl-carbonyl)-Bi-
otin)-3-aminopropionic acid (7, MeNPO-CO-Biotin-{3-Ala-
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OH). Tert-butyl ester 6 (510 mg; 0.84 mmol) was dissolved 1in
15 ml of 0.5N HCl and dioxane (4:6; flashed with argon). The
solution was stirred at 52° C. for 24 hours under argon. Water
was added (10 ml) and the resulting solution was freeze-dried
to give a solid that contained (as judged by TLC) the product
of the hydrolysis (7) and starting material (6; 10%). This
mixture was purified by column chromatography on silica
(10% methanol 1n acetone plus 0.1% acetic acid) to give 60
mg of 7 (the low yields were primarily the result of oxidation
of 7 on the silica).

[0258] N—(IN—(N—(O-Methylnitropiperonyl-carbonyl)-
Biotin)-3-aminopropionyl)-glutathione (8, MeNPO-CO-Bi-
otin-3-Ala-GSH). Carbonyldiimidazole (20 mg, 120 pmol)
was added to a solution of MeNPO-CO-Biotin-[3-Ala-OH (7,
49 mg, 89 umol)1in DMF (1.5 ml). The solution was stirred for
30 minutes at room temperature and was then added, in sev-
eral aliquots, to a solution of oxidised glutathione (62 mg, 100
umol) and triethylamine (55 ul, 0.4 mmol), in DMF (2 ml)
plus water (0.15 ml), stirred on 1ce. The solution was stirred
on 1ce for 30 minutes and then at room temperature. Triethy-
lamine was added, until the solution became clear (25 ul), and
the reaction was then stirred for another 2 hours at room
temperature. DTT was then added (0.25 ml of 1M solution;
0.25 mmol), and the solution was stirred at room temperature
for 10 minutes.

[0259] The product of the above reaction was purified by
reverse-phase HPLC, on an RP-8 preparative column, using a
water-acetonitrile gradient 1n the presence of 0.1% trifluoro-
acetic acid. The peak corresponding to 8 (retention time=28.6
minutes) was collected. The product was then 1solated by
freeze-drying and purified again on reverse-phase HPLC (us-
ing the same column and solvent system). Analysis of the
product after the second HPLC purification, using analytical
reverse-phase HPLC, indicated a product (>93%) the UV
spectrum of which corresponded to 8 (specifically, A7 at
355 nm 1ndicated the presence of the O-methylnitropipero-
nyl-carbonyl group of the caged-biotin). The concentration of
8 was determined by titrating the free thiol groups (using
DTNB, 5,3'-dithiobis (2-mitrobenzoic acid), as Hermanson,
1996) dertved from the glutathione, and also by absorbance at
355 nm (corresponding to the caged-biotin). Both these inde-
pendent measurements gave the same result within experi-
mental error.

[0260] The purified 8 was also found to be a substrate for
human M2-2 GST 1n the electrophilic substitution of CDNB
(monitored by the change of absorbance at 340 nm; Habig &
Jakoby, 1981) with rates that are about 10 fold slower than
those observed with glutathione under similar conditions.

[0261] The reduced MeNPO-CO-Biotin-3-Ala-GSH
(caged-biotin-Pala-GSH) was reacted with either 1-chloro-2,
4-dinitrobenzene (CDNB; Sigma) or 4-chloro-3-nitroben-
zoate (CNB, Acros). The caged product generated does not
bind avidin or streptavidin. However, after photochemical
uncaging by ultraviolet radiation the product has a biotin at
one end which will bind to avidin or streptavidin-coated
microparticles and either a 2,4-dinitrophenol (DNP) or a 3-ni-
trobenzoate group which can be bound by appropriate anti-

DNP or anti-3-nitrobenzoate antibodies (see FIGS. 7 & 8)

[0262] 5 ul (10° beads) 1.0 um diameter nonfluorescent
neutravidin labelled microspheres (Molecular Probes,

F-8777) were spun 1n a microfuge at 10,000 g for 3 min. and

the supernatant removed. The beads were resuspended 1n 5 ul
0.1 MKH,PO_,,pH 6.5, 1 mM EDTA, 2 mM dithiothreitol, 10

uM caged-biotin-ala-GSH, and either 500 uM CDNB or 500
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uM CNB. The 5 ul reaction mixes contained either 0.75 ug
purified recombinant human GST M2-2 or no enzyme.

[0263] Reactions were imncubated for 30 min (CDNB reac-
tions) or 4 hours (CNB reactions) at 25° C., after which time
they were stopped by the addition of 35 ul 0.1 M sodium
acetate, pH 5.0 and transterred to 1ce. Each reaction was then
split into two aliquots of 20 ul each, one of which was placed
as a spot on a layer of parafilm on the surface of an 1ce-cooled
aluminium block. This spot was then irradiated for 2 min with
a B 100 AP UV lamp (UVP) held at a distance of ~6 cm. The
other aliquot was left un-irradiated. All samples were then
incubated 30 mins. at ambient temperature and then washed

three times with 200 ul PBS, 0.1% Tween 20 1n a 0.45 um
MultiScreen-HYV filter plate (Millipore, MAHVN4510), thor-

oughly resuspending between each wash.

[0264] Beads were then resuspend i 200 ul PBS, 0.1%
Tween 20 containing 20 ng/ul Alexa-488 labelled rabbit anti-
DNP antibody (Dako, #V0401) 20 ng/ul Alexa-488 labelled
ant1-CNB antisera and incubated for 1 hour at room tempera-
ture. The anti-CNB antiserum was elicited 1n rabbits by
immunisation with CNB-CH,-KLH conjugates prepared by
adding aliquots of a 200 mM solution of 4-(bromomethyl)-
3-nitrobenzoic acid (CNB-CH,Br) in DMF to 5 mg/ml solu-
tions of bovine serum albumin (BSA) or kevhole limpet
hemocyanin (KLH) 1n 50 mM borate pH 8.8 (to give 1.5 10 6
umole of CNB-CH,Br per mg protein). The reaction mixtures
were stirred for 6 hours at room temperature and temperature,
and the resulting protein conjugates were dialysed exten-
stvely against phosphate butler saline (PBS)at4° C. The level
of conjugation (hapten density or Hd) was determined by
measuring optical densities of the conjugates at 3355 nm.
These were found to be: 7 to 11 CNB-CH, groups per BSA
molecule and 9.4 to 24.3 per KLH molecule depending on the
amount of CNB-CH,Br added to the protein samples. The
CNB-CH,-KLH conjugate with Hd of 14.2 was used to
immunise rabbits using published protocols (Tawiik et al.,
1993; Tawfik et al., 1997) (by Prof. Z Eshhar, Weizmann
Institute of Science, Rehovot). Sera were tested by ELISA for
binding the conjugate CNB-CH,-BSA (Hd=11) and to BSA.
The first bleed from both immunised rabbits (when diluted 50
fold or more) exhibited the desirable selectivity yielding high
signal when 1ncubated with the CNB-CH,-BSA conjugate
and very low background (<3%) with BSA. The anti-CNB
serum was purified using a HiTrap Protein A column (Phar-
macia). Both anti-CDNB and anti-CNB antibodies were

labelled with an Alexa Fluor 488 protein labelling kit (Mo-
lecular Probes) according to the manufacturer’s instructions.

[0265] The beads were washed three times with 200 pl
PBS, 0.1% Tween 20 as above, thenresuspended in 1 ml PBS,
0.1% Tween 20 and 10,000 events analysed using a FACScan

flow cytometer (Becton Dickinson).

[0266] Ascan beseenirom FIG. 9, the caged-biotin moiety
1s uncaged on UV 1rradiation and binds to beads. A 19-1old
increase in mean bead fluorescence was observed after GST
M2-2 catalysed reaction of caged-biotin-ala-GSH with
CDNB even 1n the absence of UV 1rradiation. This correlates
with the apparent presence of ~4% biotin-pala-GSH 1n the
preparation ol caged-biotin-Pala-GSH as determined by
using fluorimetry to measure the displacement of
2-anilonaphthalene-6-sulphonic acid (2,6-ANS) from avidin
(Mock et al., 1985). These results are consistent with the
previously observed background immobilisation of caged-
biotin to avidin ‘in the dark’ (1.e., without UV 1llumination)
which was as high as 15% of the signal observed after illu-
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mination (Sundberg et al. 1993). The ‘dark’ signal observed
previously was ascribed to either trace contaminants of biotin
in the caged-biotin preparation, or to weak interactions
between avidin and components of the caged-biotin including,
the linker (Sundberg et al. 1995). After UV 1rradiation a large
difference in the mean fluorescence of those beads incubated
in the presence and absence of GST was observed. The mean
bead fluorescence with GST was 84 times and 56 times that
observed without GST with CDNB and CNB as substrates
respectively (FI1G. 9).

Example 6

[0267] Glutathione S-transferase M2-2 (GST M2-2) com-
partmentalised in the aqueous droplets of a water-in-o1l emul-
s1on catalyses the reaction of caged-biotinylated-glutathione
with 4-chloro-3-nitrobenzoate (CNB). The caged-biotiny-
lated product generated remains compartmentalised and can
subsequently be uncaged by UV 1rradiation in the compart-
ments, captured on an avidin-coated bead 1n the same com-
partment and the product-coated beads detected by flow
cytometry.

[0268] 20 ul aliquots (4x10° beads) of 1.0 um diameter
nonfluorescent neutravidin labelled microspheres (Molecular
Probes, F-8777) or 0.93 um diameter streptavidin-coated
polystyrene beads (Bangs Laboratories) were each spunin a
microfuge at 2,600 g (6,500 rpm) for 3 min. The supernatant
was removed and the beads resuspended, on 1ce, 1n 20 ul 0.1
M KH,PO,, pH 6.5, 1 mM EDTA, 2 mM dithiothreitol, 50
uM caged-biotin-pala-GSH, containing either 3 ug purified
recombinant human GST M2-2 or no enzyme.

[0269] Six reaction mixtures were then emulsified essen-

tially as Tawfik & Griffiths (1998):

[0270] a) Bangs beads, no GST

[0271] b) Bangs beads, plus GST

[0272] c¢) Molecular Probes beads, no GST
[0273] d) Molecular probes beads, plus GST
[0274] e¢) Bangs beads, no GST

[0275] 1) Molecular Probes beads, no GST

[0276] The o1l phase was freshly prepared by dissolving
4.5% (v/v) Span 80 (Fluka) in mineral o1l (Sigma, #M-5904)
tollowed by 0.5% (v/v) Tween 80 (Sigma Ultra; #P-8074).
Ice-cooled reaction mixtures were added gradually (1n 5 ali-
quots of 4 ul over ~2 minutes) to 0.4 ml of ice-cooled o1l-
phase 1n a 5 ml Biofreeze Vial (Costar, #2051) whilst stirring,
with a magnetic bar (8x3 mm with a pivot ring; Scientific
Industries International, Loughborough, UK). Stirring (at
1150 rpm) was continued for an additional 1 minute on 1ce.

[0277] 8 ulofemulsion d)was added to 0.4 ml emulsion e),
and 8 ul of emulsion b) was added to 0.4 ml emulsion 1) (to
give 1:50 dilutions) and the emulsion mixtures vortexed for 5
seconds to mix.

[0278] Six reaction mixtures were left non-emulsified:
[0279] a) Bangs beads, no GST
[0280] b) Bangs beads, plus GST
[0281] c¢) Molecular Probes beads, no GST
[0282] d) Molecular probes beads, plus GST
[0283] ¢) Bangs beads, no GST
[0284] 1) Molecular Probes beads, no GST
[0285] 0.4 ulofd)wasaddedto20ulofe),and 0.4 ulb)was

added to 20 ul of 1) (to give 1:50 dilutions).

[0286] Both emulsions and non-emulsified reactions were
incubated for 15 min at 25° C. Then 0.8 ul 500 mM CNB (in
absolute ethanol) was added to each 0.4 ml emulsion and the
emulsion vortexed for 5 seconds (the CNB 1s transferred
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through the mineral o1l to the aqueous compartments). 5 ul 5
mM CNB (in 0.1 M KH,PO,, 1 mM EDTA, pH, 6.5) was
added to the non-emulsified reactions.

[0287] All reactions were incubating for 4 hours at 25° C.

[0288] The pH of the aqueous droplets was lowered to
quench the GST catalysed reaction by vortexing the emul-
s1ions with 200 ul Sigma Mineral Oil for Molecular Biology
(M-5904) containing 4.5% Span 80 (Fluka), 0.5% Tween 80
(S1igma Ultra) in Sigma Mineral Oil for Molecular Biology)
and 25 mM acetic acid. The non-emulsified reactions were
quenched by adding 25 ul 0.5 M acetic acid.

[0289] All reactions were transierred to a 24-well flat bot-
tom plate (Corning, #25820) floating on iced water and 1rra-
diated for 2 min with a B 100 AP UV lamp (UVP) held at a
distance of ~6 cm. All samples were then incubated 30 mins.
at ambient temperature.

[0290] The emulsions were transierred to 1.5 ml microfuge
tubes, spun 1 min. 13.5 krpm 1n a microfuge and the o1l phase
removed leaving the concentrated (but still intact) emulsion at
the bottom of the tube. 200 ul 0.1M Na acetate, pH 5.0 were
added and the emulsion broken by extracting 4 times with 1
ml hexane, vortexing between each hexane addition. Residual
hexane was removed by spinning for 10 min at ambient tem-
perature under vacuum in a Speedvac (Farmingdale, N.Y.).

[0291] All samples were then washed three times with 200
ul PBS, 0.1% Tween 20 1n a 0.45 um MultiScreen-HYV filter
plate (Millipore, MAHVN4510), thoroughly resuspending
between each wash. Beads were then resuspend in 200 ul
PBS, 0.1% Tween 20. 25 ul (~5x10’ beads) were then added
to 200 ul PBS, 0.1% Tween 20 containing 20 ng/ul Alexa-488
labelled anti-DNP antibody or 20 ng/ul Alexa-488 labelled
ant1-CNB antibody (see Example 5) and incubated for 1 hour

at ambient temperature. The beads were washed three times
with 200 ul PBS, 0.1% Tween 20 as above, then resuspended

in 1 ml PBS, 0.1% Tween 20 and 300,000 events analysed
using a FACScan tlow cytometer (Becton Dickinson).

[0292] In the non-emulsified mixtures, where neither GST
nor the product of the GST catalysed reaction, (caged-biotin-
BAla-NB) were compartmentalised, all beads have a simi-
larly low fluorescence (FIG. 10, Panels B and D). In contrast,
in the emulsion mixtures, where both GST and the product of
the GST catalysed reaction, (caged-biotin-pAla-NB) were
compartmentalised, two populations of beads, one of low and
one of higher fluorescence are clearly visible (FIG. 10, Panels
C and E). Gating through R1 and R2 enables the Bangs and
Molecular Probes beads to be largely separated on the basis of
their slightly different light scattering characteristics (FIG.
10, Panel A). The ratio of Bangs to Molecular Probes beads
passing through R1 1s 68%:0.1% and the ratio passing
through R2 15 0.08%:87%. Using these gates 1t 1s clear that the
beads with high fluorescence are those which were compart-
mentalised with the enzyme GST. Hence, compartmentalisa-
tion of beads, enzyme and reaction product was obtained by
emulsification and those beads present 1n compartments
which contained enzymes can be distinguished from those
which do not by their fluorescence characteristics.

Example 7

[0293] Human GST M2-2 can be transcribed and translated
in vitro in the aqueous compartments of a water-in o1l emul-
sion and catalyses a reaction which gives rise to a change 1n
the fluorescence properties ol co-compartmentalised micro-
spheres.
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[0294] The gene encoding human glutathione S-transferase
M2-2 (GST M2-2) 1s amplified by PCR using oligonucle-
otides GSTM2-2Fo and GSTM2-2Bc¢ from a human GST
M2-2 ¢cDNA clone in pGEM-37 (Baez etal., 1997). The PCR
fragment 1s cloned into the vector pGEM-47 (Promega)
digested with HindIII and Kpnl downstream of the lac pro-

moter and T7 RNA polymerase promoter. The oligonucle-
otide GSTM2-2Bc appends the eflicient phage 17 gene 10

translational start site upstream of the methyltransferase gene
start codon. DNA sequencing identifies a clone with the cor-
rect nucleotide sequence, termed pGEM-hGSTM2-2. The
PGEM-hGSTM2-2 plasmid described above 1s amplified by
PCR using primers LMB2 and LMB3 as above to create a 826
base pair PCR fragment (GSTM2-2.1L.MB2-3) which carries
the T7 RNA polymerase promoter, the phage 17 gene 10
translational start site and the GS'T gene. The PCR fragment
1s purified directly using Wizard PCR Preps (Promega).

[0295] 60 ul aliquots (1.2x10” beads) of 1.0 um diameter
nonfluorescent neutravidin labelled microspheres (Molecular
Probes, F-877°7) were spun 1n a microfuge at 10,000 g for 3
min. The supernatant was removed and the beads resus-
pended, on 1ce, 1n 60 ul of a prokaryotic 1n vitro coupled
transcription/translation system designed for linear templates
(Lesley etal., 1991). A commercial preparation of this system
1s used (E. coli S30 Extract System for Linear Templates;
Promega) supplemented with 12.5 mM acetic acid (to lower
the pH to ~7.0), T7 RNA polymerase (2,000 units), 12.5
ug/ml A DNA-HindIII digest (New England Biolabs), S0 uM
caged-biotin-pala-GSH, and, optionally, 5 nM GSTM2-2.
L.MB2-3 DNA or 5.0 ug of purified recombinant human GST
M2-2 per 50 ul (or neither).

[0296] A 5 ul aliquot was removed from each reaction

mixture and left non-emulsified. 50 ul of the remaining reac-
tion mixture was emulsified essentially as Tawiik & Griffiths

(1998).

[0297] The o1l phase was freshly prepared by dissolving
4.5% (v/v) Span 80 (Fluka) in mineral o1l (Sigma, #M-5904)
tollowed by 0.5% (v/v) Tween 80 (SigmaUltra; #P-8074).
Ice-cooled reaction mixtures were added gradually (1n 5 ali-
quots of 10 ul over ~2 minutes) to 1.0 ml of ice-cooled
oil-phase 1n a 5 ml Biofreeze Vial (Costar, #2051) whilst
stirring with a magnetic bar (8x3 mm with a pivot ring;
Scientific Industries International, Loughborough, UK). Stir-
ring (at 1150 rpm) was continued for an additional 1 minute
on ice.

[0298] Both emulsions and non-emulsified reactions were
incubated for 45 min at 25° C. to allow translation to proceed.
Then 5 ul 100 mM 1-chloro-2,4-dinitrobenzene (CDNB) (1n
absolute ethanol) was added to each 1.0 ml emulsion and the
emulsion vortexed for 5 seconds (the CDNB 1is transferred
through the mineral o1l to the aqueous compartments). 1.0 ul
2.5 mM CDNB (1n water) was added to the non-emulsified
reactions. CDNB inhibits 1n vitro translation and adding 1t in
this way, after translation 1s completed, maximises the yield

of GST.

[0299] All reactions were incubating for 30 mins at 25° C.
The pH of the aqueous droplets was then lowered to quench
the reaction by vortexing the emulsions with 500 ul Sigma
Mineral O1l for Molecular Biology (M-35904) containing
4.5% Span 80 (Fluka), 0.5% Tween 80 (Sigma Ultra) 1n
Sigma Mineral Oil for Molecular Biology) and 25 mM acetic
acid. The non-emulsified reactions were quenched by adding
Sul 0.5 M acetic acid and 20 ul 0.1M Na acetate, pH 5.0.
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[0300] All reactions were transierred to a 24-well flat bot-
tom plate (Corning, #25820) floating on 1ced water and 1rra-
diated for 2 min with a B 100 AP UV lamp (UVP) held at a
distance of ~6 cm. All samples were then incubated 30 mins.
at ambient temperature.

[0301] Theemulsions were transierred to 1.5 ml microfuge
tubes, spun 1 min. 13.5 krpm 1n a microfuge and the o1l phase
removed leaving the concentrated (but still intact) emulsion at
the bottom of the tube. 200 ul 0.1M Na acetate, pH 5.0 were
added and the emulsion broken by extracting 4 times with 1
ml hexane, vortexing between each hexane addition. Residual
hexane was removed by spinning for 10 min at ambient tem-
perature under vacuum in a Speedvac (Farmingdale, N.Y.).

[0302] Approximately 5x107 beads from the broken emul-
sions and the non-emulsified reactions were then washed
three times with 200 ul PBS, 0.1% Tween 20 1n a 0.45 um
MultiScreen-HYV filter plate (Millipore, MAHVN4510), thor-
oughly resuspending between each wash. Beads were then
resuspend 200 ul PBS, 0.1% Tween 20 containing 10 ng/ul
Alexa-488 labelled anti-DNP antibody (see Example 5) and
incubated for 1 hour at ambient temperature. The beads were
washed three times with 200 ul PBS, 0.1% Tween 20 as
above, then resuspended 1n 1 ml PBS, 0.1% Tween 20 and
10,000 events analysed using a FACScan flow cytometer
(Becton Dickinson).

[0303] Ascanbeseenirom FIG. 11, both in emulsified and
non-emulsified reactions, the reaction catalysed by 1n vitro
translated GST M2-2 results 1n an 1n beads with higher fluo-
rescence than when no enzyme was present. This difference
in fluorescence would, however, not be sutficient for efficient
fluorescence activated sorting (FACS). However, beads from
both emulsified and non-emulsified reactions containing 5.0
ug of purified recombinant GST M2-2 per 50 ul were even
more fluorescent than those containing in vitro translated
GST M2-2 enabling efficient enrichment of these beads by
FACS from those incubated in the absence of GST. This
simulates the situation where a mutant GST of higher activity
than wild-type 1s translated 1n vitro.

Example 8

[0304] Genes attached to microbeads are expressed 1n vitro
and the resulting gene-product (an enzyme) binds to the
microbeads whilst retaining catalytic activity.

[0305] One format for the selection of genetic elements 1s
where the genetic element comprises a gene linked to a micro-
bead, which 1s translated 1n a microcapsule, and the translated
gene-product 1s coupled back onto the microbead within the
microcapsule. Thus, compartmentalisation leads to the for-
mation of complexes of gene-products (e.g., proteins or
enzymes) attached to the gene encoding them. These com-
plexes could be subsequently selected for binding a ligand
(see Example 12), or for enzymatic activity via a second
compartmentalised reaction.

[0306] Here 1t 1s shown, that an enzyme (phosphotri-
esterase or PTE) can be transcribed and translated 1n vitro
from genes attached to microbeads and the translated enzyme
1s bound back the microbeads. We also show that the trans-
lated enzyme can be modified, assembled or complemented
with a cofactor whilst 1t 1s bound on the beads—in this
example, metal 10ns are added to the apo-enzyme to give an
active metalloenzyme. Moreover, we show here that the cata-
lytic activity of the enzyme 1s retained whilst 1t 1s bound to the
microbead together with the gene that encodes 1t.




US 2009/0325236 Al

[0307] The opd gene encoding a phosphotriesterase (PTE;
also known as paraoxon hydrolase; Mulbry & Karns, 1989) 1s
amplified from Flavobacterium sp. strain ATCC 27351 by
PCR using a forward primer that appends stop codons and an
EcoRI site (OPD-Fo; see Table 1), and a back primer that
appends the phage 17 gene 10 transitional site (RBS) and a
HindIII cloning site (OPD-Bc). This DNA 1s cloned into
pGEM-47 using the HindIII and the EcoRI sites downstream
of the T7 RNA polymerise promoter. DNA sequencing 1den-
tifies a clone which has the correct nucleotide sequence.
Bacteria (I. coli, TG1) transformed with this clone (Gem-
OPD) are found to overexpress active PIE when grown 1n the
presence of cobalt chloride and induced with IPTG (Omburo

et al., 1992).

[0308] The OPD gene 1s also cloned with a Flag™ peptide
(Met-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys; Sigma-Aldrich)
appended to 1ts N-terminus. The OPD gene 1s amplified Fla-
vobacterium sp. strain AICC 27551 by PCR using a forward
primer (N-Flag-OPD-Fo) that appends stop codons and a
Kpnl site, and a back primer (N-Flag-OPD-Bc) appending an
Ncol site, a Flag peptide and a short linker between the Flag
peptide and the OPD reading frame. The resulting DNA frag-
ment is cloned into plasmid pGEM-4Z"°* (using the Kpnl
and Ncol sites). pGEM-4Z"°/ is a modification of p-GEM-
47 into which, the phage T7 gene 10 transitional site (RBS)
and an ATG start codon are appended downstream to the T7
RNA polymerise promoter, to create an Ncol site that allows
cloning of reading frames 1n the context of the RBS and ATG
codon. The sequence of the section incorporated into pGEM-
47. (between the HindIII and the Kpnl sites downstream to the
T7 RNA polymerise promoter), to give pGEM-4Z"°", is
indicated in Scheme 1.

[0309] The rest of pGEM-4Z, including the Kpnl and

EcoRI cloning sites, remained intact.

Scheme I
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amino-termini Flag peptides and 1s labelled by biotinylation
(BioM35, a biotin-labelled anti-Flag antibody; Sigma) 1s
added to the bead suspensions to an average of 4x10* anti-
body molecules per bead. The resulting mixture 1s incubated
for several hours with occasional mixing. The beads are
rinsed twice by spinning down and resuspending them in

TNT butler. Biotinylated DNA fragments (fragments OPD.
LMB3-2biotin, N-Flag-OPD.LMB3-2biotin, or fragments
that carry the T7 RNA polymerise promoter, the phage 17
gene 10 transitional start site and a gene encoding a different
enzyme that 1s also tagged with N-Flag peptide, e.g., meth-
yltransferase Haelll-N-Flag-M.Haelll.LMB3-2biotin) are
added to a suspension of antibody-coated beads and the mix-
ture 1s incubated overnight at 4° C. The beads are rinsed 3
times by spinning down and resuspending them in TNT
bufler.

[0313] 350 pl aliquots of the above suspension of beads
(~10” beads) are spun in a microfuge at 10,000 g for 3 min.
The supernatant 1s removed and the beads gently resus-
pended, on 1ce, 1n 50 ul of a prokaryotic 1n vitro coupled
transcription/translation system designed for linear templates
(Lesley etal., 1991). A commercial preparation of this system
1s used (£. coli S30 Extract System for Linear Templates;
Promega) supplemented with T7. RNA polymerise (2,000
units ). The reactions are incubated at 25° C. for 1.5 hours and
spun 1n a microfuge at 10,000 g for 3 min. The supernatant 1s
removed and the beads resuspended 1 100 ul of 50 mM Tris,
10 mM of Potasstum Carbonate, pH 8.0. An aqueous solution
of Cobalt Chlonde 1s added to a concentration of 1 mM and
the reactions incubated for several hours at room temperature
(or overnight at 4° C.). The beads are rinsed 4 times by
spinning down and resuspending them 1n TNT buftfer.
[0314] Aliquots of the above beads are added to a solution

of 0.25 mM Paraoxon 1n 50 mM Tris pH 8.3. The beads are

————— 5 - AAGCTTAATAATTTTGTTTAACT TTAAGAAGGAGATATAGCCATGG. . .

pPGEM-

appended RBS,

47 - ATG and Ncol

HindIII site

. GGTACC-3' - - - - - - -

Kpnl site of
PGEM-47Z

[0310] DNA sequencing identifies a clone that has the cor-
rect nucleotide sequence. Bacteria transformed with this
clone (Gem-N-Flag-OPD) are found to over-express an active
PTE when grown in the presence of Cobalt Chloride and

induced with IPTG.

[0311] The gem-OPD and gem-N-Flag-OPD plastids
described above are amplified by PCR, using primers LMB2-
biotin and LMB3, to create DNA fragments (OPD.LMB3-
2biotin and N-Flag-OPD.LMB3-2biotin, respectively) that
carry the T7 RNA polymerise promoter, the phage'T7 gene 10
transitional start site and the OPD or the N-Flag-OPD genes
and are labelled with biotin at the 3' end. The PCR fragments
are purified directly using Wizard PCR Preps (Promega).

[0312] Aliquotsof asuspension of 0.95 um non-fluorescent
streptavidin labelled microspheres (Bangs, ~2x10” beads per
ul suspension) are spun 1n a microfuge at 10,000 g (13.500

rpm) for 3 min. The supernatant 1s removed and the beads
resuspended i TNT butter (0.1M Tns 7.5, 0.15M NaC(l,

0.05% Tween-20). An antibody that i1s capable of binding

cloning gite

[

incubated at 25° C. with occasional stirring for different peri-
ods of time. The beads are spun 1n a microfuge at 10,000 g for
3 min, the supernatant 1s removed and 1ts optical density
measured at 405 nm. A significant change 1n optical density,
relative to the optical density observed under the same con-
ditions 1n the absence of beads or phosphotriesterase, 1s not

observed when beads to which biotinylated DNA fragments
OPD.LMB3-2biotin or N-Flag-M.Haelll. LMB3-2biotin are

attached (and are subsequently reacted as described above)
are incubated with Paraoxon. However, a significant change
in optical density at 405 nm 1s observed when beads to which
biotinylated DNA fragments N-Flag-OPD.LMB3-2biotin are
attached (and are subsequently reacted as described above)
are incubated with Paraoxon. For example, when biotinylated
DNA fragments N-Flag-OPD.LMB3-2biotin are added at a
concentration ol 1 nM (to a 50 ul. suspension of beads (~109
beads) that 1s then resuspended 1n 50 ul 1n vitro transcription/
translation), and reacted as described above, the change in
optical density observed after 3 hours corresponds to more
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than 50% hydrolysis of Paraoxon (at 0.25 mM 1n a 30 ul
reaction volume). Thus, microbeads carrying a gene encoding,
a protein with the desired catalytic activity (phosphotri-
esterase 1n the above example) can be clearly distinguished
from microbeads carrying genes that do not encode a protein
with the desired catalytic activity (methyltransferase Haelll
in the above example). Moreover, almost no change 1n optical
density at 405 nm 1s observed when biotinylated DNA frag-
ments N-Flag-OPD.LMB3-2biotin are attached to beads and
reacted as described above, except that Cobalt Chloride 1s not
added to the resuspended beads after transcription/transla-
tion.

[0315] These results show that an enzyme (phosphotri-
esterase) can be transcribed and translated 1n vitro from genes
that encode this enzyme and are attached to microbeads.
When the genes encode a tag—an N-terminus Flag peptide 1n
the above example—the translated enzyme binds back to the
microbeads to which the genes are attached. If necessary, the
translated enzyme can be then modified whilst 1t remains
attached to the microbeads (together with the gene that
encodes 1t) —in this example, Cobalt 1ons are added to give a
reactive metallo-enzyme. These result also indicate that the
enzyme 1s catalytically active whilst it 1s bound to microbeads
together with the gene that encodes 1it.

Example 9

[0316] An enzyme catalyses a reaction with a caged-bioti-
nylated substrate, and the caged-biotinylated product gener-
ated 1s uncaged by UV 1rradiation and captured on streptavi-
din-coated microbeads. Subsequently these beads are
detected by flow-cytometry.

[0317] One format for the selection of genetic elements 1s
where the genetic element comprises a gene linked to a micro-
bead, which 1s translated 1n a microcapsule, and the translated
gene-product 1s coupled back onto the microbead within the
microcapsule. Thus, compartmentalisation leads to the for-
mation ol complexes ol gene-products (e.g., proteins or
enzymes) attached to the gene encoding them. These com-
plexes could be subsequently selected for binding a ligand
(see Example 12), or for enzymatic activity via a second
compartmentalised reaction.

[0318] However, for such complexes to be selected for cata-
lytic activity, a soluble substrate should be available for the
immobilised enzyme, and, once the catalytic reaction had
been completed, the product of the enzymatic activity that 1s
being selected for should become attached to the gene encod-
ing this enzyme. The resulting complexes could be then
sorted or selected by virtue of the product being linked to
them, for example by using a fluorescently-labelled antibody
that recognises the product. In other compartments, contain-
ing complexes of genes and gene-products that do not encode
proteins with the desired enzymatic activity, the unreacted
substrate should become linked to the gene. These complexes
will not be labelled with the product and will therefore be
discarded.

[0319] Here 1t1s shown that an enzyme (phosphotriesterase
or PTE) can react with a caged-biotinylated substrate in the
presence ol streptavidin-coated beads. The caged-biotiny-
lated product generated can then be uncaged by UV 1rradia-
tion and captured on avidin-coated beads. Subsequently,
these beads are detected by flow cytometry and are clearly
distinguished from beads incubated with a caged-biotinylated
substrate 1n the presence of other enzymes or proteins that do
not exhibit phosphotriesterase activity.
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[0320] A caged-biotinylated substrate for PTE (EtNP-Bz-
Glu-cagedBiotin; FIG. 12) 1s synthesised as follows:

[0321] Boc-5-aminopentanol: Di-tert-butyl dicarbonate
(20.8 g; 0.095 mol) 1s added to stirred solution of 5-amino-
pentanol (10.37 g; 0.1 mol) in dicholoromethane (DCM) (200
ml) on 1ce. Following addition, the solution becomes turbid
and a syrup separates. Triethylamine 1s added (13.8 ml; 0.1
mol) drop-wise, and the resulting solution 1s stirred for 10
minutes on 1ce and then overnight at room temperature. The
solvents are removed under vacuum, the resulting syrup 1s
dissolved in ethyl acetate (500 ml), extracted 3 times with 1M
Na,HPO, (pH 4), once with saturated NaHCO,, and finally
with brine, and then dried over MgSQO,. The solvents are
removed under vacuum and the resulting syrup (after exten-
stve drying under vacuum in the presence of potassium
hydroxide), comprised primarily of Boc-5-aminopentanol, 1s
used without further purification.

[0322] (11) Tniethylamine (3 ml; 22 mmol) 1s added drop-
wise 1o a stirred solution of p-nitrophenyl phoshphodichlori-
date (5.15 g; 20 mmol) and ethanol (1.15 ml, 20 mmol) cooled
on dry-ice in acetone, with in 30 minutes. The solution 1s
allowed to slowly warm up to room temperature and is stirred
for an additional 90 minutes. A solution of Boc-5-aminopen-
tanol (4.3 g; ca. 20 mmol) and trietheylamine (3 ml; 22 mmol)
in DCM (20 ml) 1s then added drop-wise. The reaction 1s
allowed to stir at room temperature for 10 minutes, 1H-tetra-

zole 1s added (0.35 g; 5 mmol) and the reaction stirred for
another 2 hours. DCM 1s added (100 ml) and the solution

extracted 3 times with 1M Na,HPO, (pH 4), saturated
NaHCO,, and finally with brine, and then dried over MgSQO,,.
The solvents are removed under vacuum to give a syrup that

1s purified by column chromatography on silica (solvent: 1%
to 2% methanol 1n DCM) to give 3.52 g of 11 (a syrup).

[0323] 4-N-Boc-aminomethylbenzoic acid N-hydroxy
succinimide ester: Dicyclohecyldicarbodiimide (DCC; 5.15
g. 25 mmol) 1s added to a stirred suspension ol 4-N-Boc-
aminomethylbenzoic acid (Tiger, Monmouth N.J.; 5.2 g; 25
mmol) and N-hydroxy succinimide (2.88 g; 25 mmol) in
DCM (200 ml) plus acetonitrile (20 ml). The reaction 1is
stirred overmight at 4° C. and then 3 hours at room tempera-
ture. The dicyclohecyl urea precipitate 1s removed by filtra-
tion, and the filtrate concentrated under vacuum to give a
syrup. The syrup 1s dissolved 1n chloroform and DCM and
treated with activated charcoal. Addition of ether gives a
white crystalline solid. Recrystallisation from DCM and
petroleum ether gives 6.2 g of the N-hydroxy succinimide
ester of 4-N-Boc-aminomethylbenzoic acid.

[0324] (12) Trifluoroacetic acid (TFA; 4 ml) 1s added to a
solution of 11 (900 mg; 2.07 mmol) 1n DCM (5 ml). The
solution 1s left at room temperature for 45 minutes and the
solvents are removed under vacuum. The residual syrup 1s
triturated by dissolving 1t DCM and methanol and adding
cther. The resulting 12 (as TFA salt; syrup) 1s dried over
vacuum 1n the presence of potassium hydroxide, and then
reacted immediately without further purification (see below).
[0325] (13) 4-N-Boc-aminomethylbenzoic acid N-hy-
droxy succinimide ester (670 mg; 2.2 mmol) and triethy-
lamine (0.345 ml; 2.5 mmol) are added to 12 (see above) 1n
DCM (135 ml). The solution 1s stirred for 30 minutes, triethy-
lamine (0.1 ml; 0.72 mmol) 1s added, and the solution stirred
for additional 3 hours. DCM 1s added (20 ml), and the solution
extracted twice with 1M Na,HPO, (pH 4), once with satu-
rated NaHCO,, and finally with brine, and then dried over
MgSQO,. The solvents are removed under vacuum to give a




US 2009/0325236 Al

syrup that i1s purified by column chromatography on silica
(solvent: 5% methanol in DCM) to give 0.86 got 13 (asyrup).

[0326] (14)0.84 g 13 of 14 (1.6 mmol) 1s treated with TFA
as described above to give 14 (as TFA salt; syrup) which 1s
reacted immediately as described below.

[0327] (15) Boc-Glu(OSu)-OBu’ (Bachem; 641 mg; 1.6
mmol) and triethylamine (0.235 ml; 1.7 mmol) are added to

14 (see above) in DCM (15 ml). The solution is stirred for 1
hour, triethylamine (60 ul; 0.43 mmol) 1s added, and the
solution stirred for 1 hour. DCM 1s added (20 ml), and the
solution extracted twice with 1M Na,HPO,, (pH 4), once with
saturated NaHCO,, and finally with brine, and then dried over
MgSQO,. The solvents are removed under vacuum to give a
syrup that 1s purified by column chromatography on silica
(solvent: 7% methanol in DCM) to give 0.8 g of 15 (a white
crystalline solid).

[0328] FEtNP-Bz-Glu (16)0.4 g of 15 (0.56 mmol) are dis-
solved in DCM (5 ml) and TFA (5 ml). The solution 1s stirred
for 1 hour at room temperature, and the solvents are removed
under vacuum. The residual syrup 1s crystallised by dissolv-

ing 1t methanol and adding ether. Recrystallisation (1n metha-
nol and ether) gives 200 mg of 16 (as TFA salt; white solid).

[0329] FEtNP-Bz-Glu-cagedBiotin (17) Carbonyldiimida-
zole (6 mg, 37.5 umol) 1s added to a solution of MeNPO-CO-
Biotin-OH (35, 17 mg, 35 umol) in DMF (1 ml). The solution
1s stirred for 60 minutes at room temperature and added to 16
(20 mg, 30 umol). Trniethylamine (5.5 ul, 40 umol), DMF (1
ml) and water (0.5 ml) are added to the stirred reaction mix-

ture until 1t became clear. The solution 1s stirred for 2 hours at
room temperature and stored at —-20° C.

[0330] The product of the above reaction 1s purified by
reverse-phase HPLC on a C8 preparative column using a
water-acetonitrile gradient 1n the presence of 0.1% trifluoro-
acetic acid. The peak corresponding to 17 (retention
time=23.1 minutes) 1s collected. The product 1s 1solated by
freeze-drying as a yellow solid. Analysis of the product after
the HPLC purification using analytical reverse-phase HPLC
indicated a major product (>80%), the UV spectrum of which
corresponded to 17. Specifically, A" at 355 nm 1ndicates the
presence of the O-methylnitropiperonyl-carbonyl group of
the caged-biotin (Pirrung & Huang, 1996), and a ‘shoulder’ at
2’77 nm, absent 1n caged-biotin, indicates the presence of the
p-nitrophenyl phosphate ester o1 17. The concentration of 17
1s verified by hydrolysing the p-nitrophenyl phosphate ester
in 0.1M potassium hydroxide and determining the amount of
p-nitrophenol released (optical density at 405 nm).

[0331] The punified 17 1s also found to be a substrate for
PTE leading to the release of p-nitrophenol (FIG. 13; moni-
tored by the change 1n optical density at 405 nm) with rates
that are only about 6 fold slower than those observed with
Paraoxon. Notably, unlike the base-catalysed hydrolysis of
1’7 which proceeds to completion (and the PTE-catalysed
hydrolysis of Paraoxon), the PTE-catalysed hydrolysis of 17
proceeds with significant rates only until half of the substrate
has been hydrolysed. The second half of the substrate could
also be hydrolysed, but only 1n the presence of much higher
quantities of PTE and after long incubations (several hours to
overnight). This 1s probably due to the fact that there 17 1s
comprised of two diastereomers (corresponding to two enan-
tiomers with regard to the chiral phosphotriester), only one of
which 1s an eflective substrate for the enzyme. Indeed, ste-
reoselectivity was previously observed with PTE and other

chiral phosphotriesters (Hong & Raushel, 1999).
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[0332] Antibodies are generated that would recognise
cthyl-phosphodiesters that are the products of hydrolysis of
the corresponding p-nitrophenyl phosphotriesters. To this
end, a suitable ethylphosphodiester dertvative 1s synthesised
and conjugated to carrier proteins as described below (FIG.
14).

[0333] EINPBG (18) (Glutaric anhydnide (180 mg; 1.6
mmol) and triethylamine (0.22 ml; 1.6 mmol) are added to 12
(prepared by de-protection of 1.6 mmol of 11, as described
above) n DCM (15 ml). The solution 1s stirred for 20 minutes,
triethylamine (0.12 ml; 0.85 mmol) 1s added, and the solution
stirred for an additional 1 hour. DCM 1s added (20 ml), and the
solution extracted twice with 1M Na,HPO,, (pH 4) and then
dried over MgSQO,,. The solvents are removed under vacuum
to give a syrup that 1s purified by column chromatography on
silica (solvent: 12.5% methanol 1n DCM plus 0.1% acetic
acid) to give 445 mg of 18 (a syrup).

[0334] Substrate conjugates EINPBG-KLH and EtINPBG-
KILH. Carbonyldiimidazole (CDI; 32 mg, 200 umol) 1s added
to a solution of 18 (60 mg, 134 umol) in DMF (1 ml). The
solution 1s stirred for 60 minutes at room temperature. Ali-
quots of the activated 18 are then added to 5 mg/ml solutions
of bovine serum albumin (BSA) or keyhole limpet hemocya-
nin (KLLH) 1n 0.1M phosphate pH 8.0 (at 0.5 to 4 umole o1 18
per mg protein). The reactions are stirred for 1 hour at room
temperature, and the resulting protein conjugates are dialysed
extensively against phosphate butler saline (PBS) at4° C. The
level of conjugation (hapten density or Hd) 1s determined by
hydrolysing a sample of the dialysed conjugates in 0.1M
potassium hydroxide and monitoring the amount of released
p-nitrophenol (at 405 nm). These are found to be: 8.5 to 24
EtNPBG molecules per BSA molecule and 14 to 63 per KLH
molecule depending on the amount of activated 18 added to
the protein samples.

[0335] Product conjugates EtBG-KLLH and EtBG-KLH.
The EINPBG-KLH and EtNPBG-KLH conjugates described
above are dialysed against 0.1M carbonate pH 11.8 for 44
hours at room temperature, and then extensively against PBS
(at 4° C.).

[0336] Anti-EtBG antibodies were elicited 1n rabbits by
immunisation with FtBG-KLH (Hd=14) using published
protocols (Tawlik et al., 1993; Tawiik et al., 1997) (gift of
Prof. Z Eshhar, Weizmann Institute of Science, Rehovot).
Sera are tested by ELISA for binding to both the substrate
conjugate EINPBG-BSA (Hd=8.5) and the corresponding
product conjugate (EtBG-BSA; Hd=8.5). The first bleed from
one of the immunised rabbits (when diluted 500 fold or more)
exhibits the desirable selectivity, yielding high signal when
incubated with the product conjugate and a low background
(<20%) with the substrate conjugate. Diluting the sera in
COVAp bufter (2M Na(Cl, 10 g, 1 MgSO,7H,0, 0.04%
Tween-20, 10 mM phosphate, 0.1 mM p-nitrophenol, pH 6.5)
further increases selectivity, with background levels going
below 5%. The anti-EtBG serum 1s purified using a HiTrap
Protein A column (Pharmacia). The purified rabbit antibodies
are labelled with an Alexa Fluor 488 protein labelling kat
(Molecular Probes) according to the manufacturer’s instruc-
tions.

[0337] 10ul (~2x10° beads) of 0.95 um streptavidin-coated
microbeads (Bangs, ~2x10’ beads per ul suspension) are
spun 1n a microfuge at 10,000 g for 3 min. and the supernatant
removed. The beads are resuspended 1n 10 ul of 50 mM Tris
pH 8.3 contaiming EtNP-Bz-Glu-cagedBiotin (17) to give a
final concentration of 10 uM, 20 uM or 30 uM. PTE 1s
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expressed 1n vitro by transcription/translation of OPD.
LMB3-2biotin DNA fragments (at 5 nM). A commercial
preparation 1s used (L. coli S30 Extract System for Linear
Templates; Promega) supplemented with T7 RNA polymer-
1se (2,000 units) and the reactions are incubated at 25° C. for
1.5 hours. The PTE 1s then assembled by the addition of
Potassium Carbonate (10 mM) and Cobalt Chloride (1 mM)
in Tris butler (10 mM pH 8.0) and incubating for overnight at
4° C. Another enzyme, that does not exhibit phosphotri-
esterase activity, methyltransterase Haelll, 1s also expressed
in vitro by transcription/translation from M.Haelll. LMB3-
2biotin DNA fragments (at 5 nM), and then treated with
carbonate and cobalt as with the PTE. 5 ul aliquot of the above
reaction mixtures are added to the bead suspensions and the
reactions are incubated for 1 hour at 25° C. 1n the dark. The
reaction 1s stopped by the addition of 15 ul 0.1 M sodium
acetate, pH 5.0 and transferred to ice. Each reaction is then
split into two aliquots of 15 ul each, one of which 1s placed as
a spot on a layer of parafilm on the surface of an 1ce-cooled
aluminium block. This aliquot 1s then irradiated for 2 min
witha B 100 AP UV lamp (UVP) held at a distance of ~6 cm.
The other aliquot 1s ledt 1n the dark. All bead samples are then

incubated for 30 minutes at ambient temperature and washed
three times with 200 ul PBS, 0.1% Tween 20 1n a 0.45 um

MultiScreen-HYV filter plate (Millipore, MAHVN4510), thor-
oughly resuspending between each wash. Beads (~2x107) are
then resuspended 1n 200 ul COVAp containing 100 ng/ul
Alexa-488 labelled rabbit anti-EtBG antibodies and incu-
bated for 1 hour at room temperature and then 1 hour at 4° C.
The beads were washed three times with 200 ul PBS, 0.1%
Tween 20 as above, then resuspended in 1 ml PBS, 0.1%
Tween 20 and 10,000 events analysed using a FACScan tlow-
cytometer (Becton Dickinson).

[0338] As can be seen in FIG. 15, up to 20-fold increase 1n
mean bead fluorescence 1s observed following the PTE
catalysed hydrolysis of EtNP-Bz-Glu-cagedBiotin 1n the
presence of streptavidin-coated beads and after UV irradia-
tion. This 1s increase 1s observed relative to beads treated
essentially the same but 1n the presence of another enzyme
M.Haelll), with no phosphotriesterase activity. Notably, the
differences 1n tluorescence signal are observed when both the
PTE and the M.Haelll, are expressed in vitro from the corre-
sponding genes and are added together with the entire content
of the 1n vitro transcription/translation reaction mixture.

[0339] At high substrate concentrations the observed mean
fluorescence 1s lower than observed at 20 uM. In addition, at
substrate concentrations above 20 uM, there 1s essentially no
difference 1n the fluorescence signal between reactions kept
in the dark and those UV irradiated (data not shown). Since
the beads, under the reaction conditions described above, start
to exhibit saturation of binding signal at concentrations above
10 uM (of product as detected by the subsequent addition of
fluorescently-labelled anti-EtBG antibodies), these results
may be explained by the presence of a contamination of
ETNP-Bz-Glu-Biotin 1n the preparation of EtINP-Bz-Glu-
cagedBiotin. These results are also consistent with the previ-
ously observed background immobailisation of caged-biotin
to avidin ‘1n the dark’ (1.e., without UV 1llumination) which
was as high as 15% of the signal observed after 1llumination
(Sundberg et al. 1995). The ‘dark’ signal observed previously
was ascribed to either trace contaminants of biotin 1n the
caged-biotin preparation, or to weak interactions between
avidin and components of the caged-biotin including the
linker (Sundberg et al. 1995). Both mechanisms may account
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for the fact that at high concentrations of caged-biotinylated
substrate (and above the binding capacity of the beads), the
‘dark’ signal becomes significant. Nevertheless, at substrate
concentrations of 20 uM, or lower, the ‘dark’ signal consti-
tutes only 25%, or even less than 10% (e.g., at 10 uM EtNP-
Bz-Glu-cagedBiotin) of the illuminated signal. This indicates
that most of the PTE-catalysed hydrolysis of EINP-Bz-Glu-
cagedBiotin takes place whilst the substrate 1s 1n solution and
not attached to the beads, and that the resulting product (Et-
Bz-Glu-cagedBiotin), after illumination with UV light, is
un-caged and becomes immobilised onto the microbeads.

Example 10

[0340] Genes attached to beads are expressed in vitro and
the resulting gene-products (enzymes) become immobilised
to the microbeads whilst retaining catalytic activity. The
immobilised enzyme catalyses a reaction with a caged-bioti-
nylated substrate, and the resulting caged-biotinylated prod-
uct 1s subsequently uncaged by UV 1rradiation and becomes
attached to these beads together with the gene encoding the
enzyme that led to its formation. Subsequently, these beads
are detected by flow-cytometry.

[0341] One format for the selection of genetic elements 1s
where the genetic element comprises a gene linked to a micro-
bead, which 1s translated 1n a microcapsule, and the translated
gene-product 1s coupled back onto the microbead within the
microcapsule. Thus, compartmentalisation leads to the for-
mation of complexes of gene-products (e.g., proteins or
enzymes) attached to the gene encoding them. These com-
plexes could be subsequently selected for binding a ligand
(see Example 12), or for enzymatic activity via a second
compartmentalised reaction.

[0342] For such complexes to be selected for catalytic
activity, a soluble substrate should be available for the immo-
bilised enzyme, and, once the catalytic reaction had been
completed, the product of the enzymatic activity that is being
selected for should become attached to the gene encoding this
enzyme. The resulting complexes could be then sorted or
selected by virtue of the product being linked to them, for
example by using a fluorescently-labelled antibody that rec-
ognises the product. In other compartments, containing coms-
plexes of genes and gene-products that do not exhibit the
desired enzymatic activity, the unreacted substrate would
become linked to the gene. These complexes will not be
labelled with the product and will therefore be discarded.
[0343] Here 1t 1s shown that an enzyme (phosphotriesterase
or PTE) can be transcribed and translated in vitro from genes
attached to microbeads and the translated enzyme 1s bound
back to the microbeads. The translated enzyme can be then
modified to icorporate the active-site Cobalt, and 1ts cata-
lytic activity 1s retained whilst 1t 1s bound to the microbead
together the gene that encodes it. The immobilised PTE sub-
sequently reacts with a caged-biotinylated substrate, and the
caged-biotinylated product generated 1s uncaged by UV irra-
diation and captured onto the same avidin-coated beads to
which the gene encoding the PTE 1s attached. Subsequently
these beads are detected by flow-cytometry and are clearly
distinguished from beads carrying a gene encoding a protein
that does not exhibit phosphotrlesterase activity.

[0344] Aliquots of a suspension of 0.95 um streptavidin-
coated microspheres (Bangs, ~2x10” beads per ul suspen-
sion) are spun in a microfuge at 10,000 g for 3 min. The
supernatant 1s removed and the beads resuspended i TNT

butter (0.1M Tris 7.5, 0.15M NaCl, 0.05% Tween-20). An
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antibody, capable of binding the Flag peptide and biotinylated
(BioM5, a biotin-labelled anti-Flag antibody; Sigma) 1s
added to the bead suspensions to give an average of 10?
antibody molecules per bead and the mixture 1s incubated for
several hours. The beads are rinsed by spinning down and
resuspending them in TNT buifer to the original volume.
Biotinylated DNA fragments N-Flag-OPD. L. MB3-2biotin, or
fragments that carry the T7 RNA polymerise promoter, the
phase T7 gene 10 transitional start site and a gene encoding a
different enzyme (also tagged with N-Flag peptide), e.g.,
methyltransferase Haelll-N-Flag-M.Haelll. LMB3-2biotin)
are added to the suspension of antibody-coated beads at 1.6
nM concentration and the mixture 1s incubated overnight at 4°
C. The beads are rinsed 3 times by spinning down and resus-
pending them 1n TN'T builer.

[0345] 30 pl aliquots of the above suspension of beads
(1109 beads) are spun 1n a microfuge at 10,000 g for 3 min.
The supernatant 1s removed and the beads gently resus-
pended, on 1ce, 1 S0 ul. of a prokaryotic 1 vitro coupled
transcription/translation system designed for linear templates
(Lesley etal., 1991). A commercial preparation of this system
1s used (E. coli S30 Extract System for Linear Templates;
Promega) supplemented with T7 RNA polymerise (2,000
units). The reactions are incubated at 25° C. for 1.5 hours and
spun 1n a microfuge at 10,000 g for 3 min. The supernatant 1s
removed and the beads resuspended 1 100 ul of 50 mM Tris,
10 mM of potassium carbonate, pH 8.0. An aqueous solution
of Cobalt Chloride 1s added to a concentration of 1 mM and
the reactions incubated for 2 hours at room temperature. The
beads are rinsed 4 times by spinning down and resuspending,
them 1n TN'T buifer. Finally, beads are resuspended in TN'T
builfer to the original volume.

[0346] Aliquots ofthe above beads are added to solutions of
0.25 mM Paraoxon in 50 mM Tris pH 8.3. The beads are
incubated at 25° C. with occasional stirring for different peri-
ods of time. The beads are spun 1n a microfuge at 10,000 g for
3 min, the supernatant 1s removed and 1ts optical density
measured at 405 nm. A significant change in optical density at
4035 nm 15 observed when beads to which biotinylated DNA
fragments N-Flag-OPD.LMB3-2biotin are attached (and are
subsequently reacted as described above) 1n contrast to reac-
tions conducted under the same conditions but 1n the absence
of beads or phosphotriesterase, or with beads to which
N-Flag-M.Haelll. LMB3-2biotin DNA  fragments are

attached and are subsequently reacted as described above.

[0347] Next, 10 ul (~2x10° beads) of the above beads are
spun 1n a microfuge at 10,000 g for 3 min. and the supernatant
removed. The beads are resuspended in 10 ul of 12.5 or 25 uM
EtNP-Bz-Glu-cagedBiotin in 50 mM Tris pH 8.3. The bead
suspensions are incubated for 1.5 hour at 25° C. 1n the dark.
Thereaction 1s stopped by the addition of 10 ul 0.1 M sodium
acetate, pH 5.0 and transferred to ice and 1rradiated for 2 min
witha B 100 AP UV lamp (UVP) held at a distance of ~6 cm.
All bead samples are then incubated for 30 minutes at ambient
temperature and then washed three times with 200 ul PBS,

Scheme 2
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0.1% Tween 20 1n a 0.45 um MultiScreen-HV filter plate
(Millipore, MAHVN4510), thoroughly resuspending
between each wash. Beads (~7x10") are then resuspend in
125 ul of a rabbit ant1-EtBG serum diluted 1:125 1n COVAp
and incubated for overmight at 4° C. The beads are washed
once with 200 ul COVAp and then 3 times with 200 ul PBS,
0.1% Tween 20 as above and are resuspended 1n 200 ul PBS,
0.1% Tween 20. 70 ul of the above bead suspensions (~2x107)
are added to 50 ul of 40 ng/ul FITC-labelled goat anti rabbit
Fab (Jackson 115-095-006) in PBS, 0.1% Tween 20 and
incubated 1 hour at room temperature. The beads are washed
3 times with 200 ul PBS, 0.1% Tween 20 as above, then
resuspended 1n 1 ml PBS, 0.1% Tween 20 and 10,000 events
analysed using a FACScan flow cytometer (Becton Dickin-
son ).

[0348] Consequently, as seen 1n FIG. 16, beads to which
genes encoding the phosphotriesterase tagged with the Flag
peptide were attached (along with an antibody that binds the
Flag peptide) could be clearly distinguished from genes to
which other genes, encoding enzymes with no phosphotri-
esterase activity (e.g., N-Flag-M.Haelll), were attached.

Example 11

[0349] E. coli BirA transcribed and translated in vitro
catalyses a reaction which gives rise to a change 1n the fluo-
rescence properties ol substrate-labelled microspheres 1n the
aqueous compartments of a water-in o1l emulsion.

[0350] The gene encoding a peptide from Propionibacte-
rium shermanii which 1s biotinylated 1n vivo i E. coli 1s
amplified using oligonucleotides BCCP5 and BCCP3 from
the vector Pinpoint Xa-1 (Promega). The PCR fragment 1s
cloned into the vector pET-23d(FLAG) digested with BamHI
and HindIIl, downstream of a ' T7 RNA polymerase promoter
and the phage T7 gene 10 translational start site, and 1n frame
with an N-terminal FLAG peptide-coding region; this vector
1s termed pET-23d(FLAG-BCCP). The vector pET-23d
(FLAG) 1s 1dentical to the vector pET-23d (Novagen) except
for the region between the unique Ncol and BamHI sites,
which has been modified to include an N-terminal FLAG
peptide-coding region as shown below 1n Scheme 2. In order
to append a hexahistidine tag to the C-terminus of the protein,
the two oligonucleotides BCCPHis+ and BCCPHis— were
annealed and then ligated into the vector pET-23d(FLAG-
BCCP) digested with Sacl and Notl, yielding the vector pET-
(FLAG-BCCP-His). The protein FLAG-BCCP-His (termed
FBH) 1s overexpressed in strain C41(DE3) (Miroux &
Walker, 1996), harvested and purified with Ni-NTA agarose
(Q1agen) under native conditions, following the manufactur-
er’s protocol. Biotinylated protein 1s depleted by incubation
with an equal volume of avidin-agarose (Sigma), pre-equili-
brated with a wash butfer (530 mM NaH,PO_, pH 8.0; 300 mM
NaCl; 20 mM mmidazole) for 1 hour at 4° C. The suspension
1s then centrifuged at 10,000 g for 2 minutes and the super-
natant retained, aliquoted and stored 1n liquid nitrogen (long-
term) or at 4° C.

M D Y K D D D D K M H G N E G

—————— TATACCATGGACTACAAAGATGACGATGATAALAATGCATGGCAACGAAGGTT
pPET-23d - Ncol site (appended FLAG coding region)

ACCGGATCC

BamHI site of pET-23d

HindIII =site
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[0351] The gene encoding E. coli BirA was amplified by
PCR using oligonucleotides BirAS5 and BirA3 from a pBlue-
script 25K+ vector containing the E. coli BirA gene (gift from
P. Wang, unpublished). The PCR fragment 1s cloned 1nto the
vector pGEM-47(K2) digested with Kpnl and Xhol down-
stream of the lac promoter, T7 RNA polymerase promoter and
the efficient phage 17 gene 10 translational start site. The
vector pPGEM-4Z7(K?2) is identical to the vector pGEM-4Z"°%"
(see Example 8, Scheme 1), except for the region between the
unique Ncol and Kpnl sites, which has been modified accord-
ing to Scheme 3 shown below to contain a unique Xhol site
downstream of the Ncol site.

Scheme 2

M G G S S
------------ CCATGGGGGGCTCGAGC- - - - - - - -GGTACC - - -
pGEM-4Z"°Y_ - _Ncol Xhol

[0352] DNA sequencing identifies a clone with the correct
nucleotide sequence, termed pGEM-BirA. The pGEM-BirA

plasmid described above 1s amplified by PCR using primers
LMB2 and LMB3 as above to create a 1139 base pair PCR
fragment (BirA_LLMB2-3) which carries the T7 RNA poly-
merase promoter, the phage T7 gene 10 translational start site
and the BirA gene. The PCR fragment 1s purified directly
using Wizard PCR Preps (Promega).

[0353] 60 uL aliquots (1.2x10” beads) of 1.0 um diameter
nonfluorescent goat anti-mouse IgG labelled microspheres
(Bangs Laboratories, CPO3N) were spun in a microfuge at
approximately 2,600 g (6,000 rpm) for 3 minutes. The super-
natant was removed and the beads resuspended 1n 60 ulL 0.1
M Trs-HCI, pH 7.5, 0.15 M Na(Cl, 0.05% Tween-20, 0.5%
BSA. The beads were spun again, resuspended i 60 ulL M35
ant1-FLAG antibody (Sigma F4042) and incubated overnight
at 4° C. The beads were spun again (2,600 g) for 3 minutes,

the supernatant was removed, and the beads were resus-
pended 1n a mixture of 30 ul. 0.1 M Tris-HCI, pH 7.5, 0.15 M

NaCl, 0.05% Tween-20, 0.5% BSA and 30 uL. of FBH protein
obtained as above (final protein concentration approx. 4
mg/ml) and incubated for 1 hour at room temperature.
[0354] Meanwhile, 60 uL aliquots of a prokaryotic 1n vitro
coupled transcription/translation system designed for linear
templates (Lesley et al., 1991) was prepared, using a com-
mercial kit (£, coli S30 Extract System for Linear Templates;
Promega), supplemented with T7 RNA polymerase (2,000
units), 10 nM BirA_LMB2-3 DNA (orno DNA at all). These
aliquots were incubated at 25° C. for 1 hour to allow transla-
tion.

[0355] The 60 ul. aliquots of beads were spun at 2,600 g
(6,000 rpm) 1n a microfuge for 3 minutes and the supernatant
removed. They were resuspended 1n 60 ul. 01 0.1 M Tris-HCI,
pH 7.5, 0.15 M NacCl, 0.05% Tween-20, 0.5% BSA, respun
and the supernatant removed. Finally they were resuspended
on ice 1 a 34 uL. aliquot of the prokaryotic in vitro coupled

transcription/translation reactions described above, supple-
mented with 3 ulL of 2 mM d-biotin and 3 uLL. o1 0.2 M ATP.

[0356] A 5 ul aliquot was removed from each reaction
mixture and left non-emulsified. 50 ul of the remaining reac-
tion mixture was emulsified essentially as Tawfik & Griffiths
(1998).

[0357] The o1l phase was freshly prepared by dissolving
4.5% (v/v) Span 80 (Fluka) in mineral o1l (Sigma, #M-5904)
tollowed by 0.5% (v/v) Tween 80 (SigmaUltra; #P-8074).
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Ice-cooled reaction mixtures were added gradually (1n 5 ali-
quots of 10 ul over ~2 minutes) to 1.0 ml of 1ce-cooled
oil-phase 1 a 5 ml Biofreeze Vial (Costar, #2051) whilst
stirring with a magnetic bar (8x3 mm with a pivot ring;
Scientific Industries International, Loughborough, UK). Stir-
ring (at 1150 rpm) was continued for an additional 1 minute
on 1ce.

[0358] All reactions were incubated for 4 hours at 37° C. to
allow the biotinylation reaction to proceed.

[0359] The emulsions were transierred to 1.5 ml microfuge
tubes, spun 1 min. 13.5 krpm 1n a microfuge and the o1l phase
removed leaving the concentrated (but still intact) emulsion at

Kpnl site of pGEM-4Zz"

the bottom of the tube. 200 ul 0.1 M Tris-HCL, pH 7.5, 0.15 M
NaCl, 0.05% Tween-20, 0.5% BSA were added and the emul-
s1on broken by extracting 4 times with 1 ml hexane, vortexing
between each hexane addition. Residual hexane was removed
by spinning for 10 min at ambient temperature under vacuum
in a Speedvac (Farmingdale, N.Y.).

[0360] Approximately 1x10° beads from the broken emul-

sions and the non-emulsified reactions were then washed
twice with 100 ul TNT/BSA 1n a 0.45 um MultiScreen-HV

filter plate (Mallipore, MAHVN4510), thoroughly resus-
pending between each wash. Beads were then resuspend 1n 50
uwl 0.1 M Tris-HCI, pH 7.5, 0.15 M NaC(l, 0.05% Tween-20,
0.5% BSA containing 1 ul. of a streptavidin-HRP solution
(provided with the NEN TS A™-Direct kit) and incubated for
30 minutes at ambient temperature. The beads were washed
twice with 100 ul 0.2 M Tris, 10 mM 1midazole, pH 8.8, as
above, then resuspended 1n 50 ul. 0.2 M Tris, 10 mM 1mida-
zole, pH 8.8, 0.01% H,O,. 1 uLL of a fluorescein tyramide
stock solution (made up according to the manufacturer’s
istructions (NEN TSA™-Direct kit)) was added, and the
reaction left to proceed for ten minutes. The beads were
washed twice with PBS, as above, and finally resuspended in
a total of 500 ulL PBS, transferred to a 5 ml polystyrene
round-bottomed tube (Falcon) and 10,000 events analysed
using a FACScan flow cytometer (Becton Dickinson).
[0361] As canbeseenirom FIG. 17, both in emulsified and
non-emulsified reactions, the reaction catalysed by 1n vitro
translated Bir A results in beads with higher fluorescence than
when no enzyme was present. It appears that beads which
have been incubated 1n an emulsion with 1n vitro translated
BirA are more fluorescent than beads which have not been
incubated in emulsions.

Example 12

[0362] A change in fluorescence of genetic elements can be
used to selectively enrich genetic elements encoding peptides
with a binding activity. The fluorescently labelled genetic
clements are 1solated by tlow cytometric sorting.

[0363] One format for the selection of genetic elements 1s
where the genetic element comprises a gene linked to a micro-
bead, which 1s translated 1n a microcapsule, and the translated
gene-product 1s coupled back onto the microbead within the
microcapsule. Thus, compartmentalisation leads to the for-
mation of complexes of gene-products attached to the gene
encoding them. These complexes can subsequently be
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selected for binding to a ligand by flow cytometric sorting 11

the binding interaction results in a change 1n microbead fluo-
rescence.

[0364] pET-23d(FLAG) vector encodes N-terminal FLLAG-
peptide fused to the polylinker region of pET23d (Novagen).
pET23d was digested with Nco I/BamH I, gel purified and
redissolved in water. Two synthetic phosphorylated oligo-
nucleotiodes (Vh Bio Ltd, Newcastle upon Tyne, U.K.),
FLAG and FLAGas, were mixed at 1 uM concentration each
in water, heated for 3 min at 94° C. and allowed to cool to
room temperature before being added to the digested vector in
the ligation mix. The ligation reaction was used unpurified to
transform E. coli TG-1. Clones containing the insert were
identified by Kpn I digest and verified by sequencing (Oswel
Research Product Ltd, Southampton, U.K.). The polylinker
region of pET-23d(FLAG) 15 as follows:

Ncol Kpnl
10 20 30 40 50
CCATGGACTACAAAGATGACGATGATAAAATGCATGGCAACGAAGGTACC
GGTACCTGATGTTTCTACTGCTACTATTTTACGTACCGTTGCTTCCATGG
M D Y K D D D D K
< FLAG-peptide tag >

BamHI EcoRI SacI Sall HindIII Not I Xhol

60 70 80 90
GGATCCGAATTCGAGCTCCGTCGACAAGCTTGCGGCCGCACTCGAGCA
CCTAGGCTTAAGCTCGAGGCAGCTGTTCGAACGCCGGCGTGAGCTCGT

[0365] Biotinylated FLAG-HA expression construct was
prepared from the pE'T-23d(FLAG) vector by PCR. The pep-
tide sequence YPYDVPDYA from the influenza haemagglu-
tinin was appended to the FLAG-tag in pET-23d(FLAG)
using the primer FLAGHA and the 3'-biotinylated primer
pE'Trev.b. The amplification product 1s 903 bases long and the
coding region of the construct 1s:

10 20 30 40 50
ATGGACTACAAAGATGACGATGATAAAATGCATGGCAACGAAGGTACCGG
TACCTGATGTTTCTACTGCTACTAT TTTACGTACCGTTGCTTCCATGGCC

M D Y K D D D D K M H G N E G T G
< FLAG-peptide tag >

60 70 80 950 100

ATCCGGAGGAGGATATCCOGTATGATGTGCCGGAT TATGCGGGAGGAGGATCCTAA
TAGGCCTCCTCCTATAGGCATACTACACGGCCTAATACGCCCTCCTCCTAGGATT

s ¢ 6 6 Y P Y D V P D Y A GG G G S
< HA-peptide tag >

# DNA

FLAG-HA
fol A

fol A:HA
fol A:HA

P 0 b2

Ratio fol A:FTL.AG-
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[0366] The competitor construct in the selection process 1s
E. coli 10l A gene encoding dihydrofolate reductase amplified
from pET23a/fol A using primers pETior and pETrev.b.

[0367] PCR fragments were gel-purified using QIAquick
Gel Extraction kit ((Quagen). DNA concentration was mea-
sured by UV spectrophotometry. Dilutions of PCR-prepared
expression constructs were made 1n 0.5 mg/ml carrier DNA
prepared from Hind III digested lambda phage DNA (40 min
at 80° C., followed by ethanol-precipitation and dissolution in
water).

[0368] 2x10° streptavidin-coated 0.95 um polystyrene
beads 1n a 100 ul aliquot of 1% suspension (Bangs Labora-
tories, Inc. CPOIN) were spun 1 a microfuge at approxi-
mately 2,600 g (6,000 rpm) for 3 minutes. The supernatant
was removed and the beads resuspended 1n 100 ulL 0.1 M
Tris-HCI, pH 7.5, 0.15 M Na(l, 0.05% Tween-20, 0.5% BSA
(ITN'TB). 7 ul of 2 mg/ml biotinylated ant1-FLLAG monoclonal
antibody M5 (Sigma) was added to the resuspended beads
and the mix was incubated at room temperature for two hours.
Following coating with the antibody, the beads were washed
for three times with 200 ul TNTB, resuspended in 100 ul
TNTB and split into 10 pl aliquots 1 and 2 and 40 ul aliquots
3 and 4. 0.7 nM stock solution of either, (#1) pure FLAG-HA
DNA, (#2) pure folA DNA, or (#3 and #4) pure FLAG-HA
DNA diluted 1n a 1000 fold excess of 1olA DNA were pre-
pared i Hind III-digested lambda DNA and applied to the
bead aliquots. The binding reaction was allowed to proceed
overnight at 4° C. The maximum number of genes per bead
was 2 1n aliquots 1-3 and 0.2 1n aliquot 4. The beads coated
with FLAG-HA construct served as positive control and the
beads coated with folA as negative control.

DNA DNA Molecules of S30 Emulsion

HA Beads (@mM) (ul) DNA/bead  (ul) (ml)

_ 2%x 108 0.7 1 2 25 0.5

_ 2%x10° 0.7 1 2 25 0.5
1000:1 Rx 108 07 4 2 50 2% 0.5
1000:1 Rx 105 07 04 0.2 50 2% 0.5
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[0369] Adter overnight incubation at 4° C., the beads were
washed twice in TNTB and resuspended in S30 1n vitro trans-
lation mixture (S30 Extract System for Linear Templates,
Promega) supplemented with T7 RNA polymerase (20 units/

wl).

[0370] The 1ce-cooled 1n vitro translation reactions were
added gradually (1n 5 aliquots of 10 ul over ~2 minutes) to 0.5
ml of ice-cooled oil-phase (Ireshly prepared by dissolving
4.5% (v/v) Span 80 (Fluka) in mineral o1l (Sigma, #M-5904)
tollowed by 0.5% (v/v) Tween 80 (SigmaUltra; #P-8074) 1 a
5> ml Costar Biofreeze Vial (#2051)) whilst stirring with a
magnetic bar (8x3 mm with a pivot ring; Scientific Industries

International, Loughborough, UK). Stirring (at 1130 rpm)
was continued for an additional 3 minutes on ice. Reactions

were then incubated 90 min at 30° C.

[0371] The emulsions were transierred to 1.5 ml microfuge
tubes, spun 8 min. 6.5 k rpm 1n a microfuge and the o1l phase

removed leaving the concentrated (but still intact) emulsion at
the bottom of the tube. 200 ul 0.1 M Tris-HCL, pH 7.5, 0.15 M

NaCl, 0.05% Tween-20 (TNT) were added and the emulsion
broken by extracting 4 times with 1 ml hexane, vortexing
between each hexane addition. Residual hexane was removed
by bubbling air through the suspension of beads for 1-2 min at
ambient temperature.

[0372] Beads from the broken emulsions were then washed
twice with 100 ul TNT 1n a 0.45 um MultiScreen-HV filter
plate (Millipore, MAHVN43510), thoroughly resuspending
between each wash. Beads were then resuspend in TNTB at
10° beads/ul and containing 100 mU/ml rat anti-HA-Peroxi-
dase, High Affimity (3F10) conjugate (Boechringer Man-
nheim).

[0373] The beads were incubated with the antibody for 30
minutes at ambient temperature and washed three times with
200 ul TNT betfore being resuspended 1 2 ml of 0.2 M Tris,
10 mM 1mmidazole, pH 8.8. The suspended beads were soni-
cated for 1 min on 1ce using Heat Systems sonicator at power
1, 95% cycle, 3.4 mm tip. The sonicated beads were resus-
pended at 10° beads/ml in 0.2 M Tris, 10 mM imidazole, pH
8.8. To this suspension of beads an equal volume of tyramine

signal amplification (TSA) buffer 0.2 M Tris, 10 mM 1mida-

zole, pH 8.8, 0.004% H,O,, 5 ng/ml fluorescein tyramine was
added.

[0374] Fluorescein tyramine was synthesised as described
by Hopman et al. (Anthon H. N. Hopman, Frans C. S.
Ramaekers, Ernst J. M. Speel, The Journal of Histochemuistry
and Cytochemistry vol 46(6), 771-777, 1998).

Oligonucleotides
EDHFR-FoO
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[0375] The reaction 1s left to proceed for ﬁve minutes at
room temperature and stopped by addition of V10" of volume
of 10% bovine serum albumin in PBS (BSA, Sigma). The
beads were spun down 1n 2 ml aliquots of the labelling reac-
tion and washed 2 times in TNTB and once in PBS. Finally
the beads were resuspended 1n 2 ml of PBS and sonicated as

above.
[0376] The beads coated with genes encoding fol A, FLAG-

HA or 1000-fold dilution of FLAG-HA in fol A were analysed
on a Becton Dickinson FACScan flow cytometer.

[0377] In FIG. 18, low resolution histogram A demon-
strates that the beads carrying FLAG-HA DNA (sample #1)

are significantly more fluorescently labelled than the negative
control fol A (sample #2). The spiked mixtures #3 and #4 run
predominantly identically to negative control sample except
for a small number of highly fluorescent beads (panel B).
0.04% of beads in sample #3 and 0.02% of beads in sample #4
tell into the region M1 that covers 95% of positive events.
[0378] The beads in samples #3 and #4 that fell into region
M1 were sorted using a MoFlo fluorescence-activated cell
sorter. 'Two sets of sorted beads were acquired for both
samples #3 and #4. In set one 500 beads were collected 1nto a
single tube. In set two 96 beads were collected individually
into the wells of a 96-well plate. Both sets of beads were
subjected to 35-cycle PCR using primers pETrev.b and
FLAGrevl.

[0379] The amplification products were analysed by gel

clectrophoresis (FIG. 19). The product sizes are 903 bases for
FLAG-HA and 1390 bp for folA.

[0380] The gel electrophoretic analysis of the amplification
reaction products suggests significant enrichment during the

course of sorting. In panel A there are no FLAG-HA bands
visible on the lanes of the products amplified from unsorted
reactions #3 and #4 whereas the FLAG-HA band i the
samples from the sorted beads 1s strongly visible. Definitive
dataregarding the nature of the amplified DNA were obtained
from the analysis of DNA amplified from single beads. In
total 22 beads out 01 96 yielded a DNA product for reaction #3
and 50% of these were pure FLAG-HA. For reaction #4 9
beads yielded products and 8 were FLAG-HA.
[0381] Single-bead data for reaction #3 suggests that at the
concentration applied, nominally 2 DNA molecules/bead,
most of the beads in fact have only one gene attached allowing
unambiguous linkage between the gene and 1ts product. Rela-
tively high number of positively labelled beads meant how-
ever that about 50% of the beads recovered were false posi-
tives. In sample #4 where there were only =0.1 genes/bead the
purity of the recovered DNA approached 90%, indicating
nearly 1000-fold enrichment in one step.

5'-CGA GCT AGA GGT ACC TTA TTA CCG CCG CTC CAG AAT CTC AAAL

GCA ATA G-3'

EDHFR-Ba 5'-GCA TCT GAC AAG CTT AAT AAT TTT GTT TAA CTT TAA GAA GGA

GAT ATA

CAT ATG ATC AGT CTG ATT GCG GCG TTA GCG GTA G-3'

LMB2-Biotin b5'-Biotin-GTA AAA CGA CGG CCA GT-3!

folA-FW 5'-GCG CGA AGC TTC GAT CAG TCT GAT TGC GGC G-3!
folA-BW 5'-GCG CCT CGA GTT CCG CCG CTC CAG AAT CTC-3'
pETfor.b 5'-Biotin-GAC TCC AAC GTC AAA GGG CG-3!

pETrev.b 5'-Biotin-GGT TTT CAC CGT CAT CAC CG-3'
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-continued

GFP-FW 5'-GCG CGA AGC T TCG AGT AAA GGA GAA GAA CTT TTC-3'

GFP-BW 5'-GCG CCT CGA GTT TTG TAT AGT TCA TCC ATG CCA TG-3'

GSTM2-2Fo 5'-TGA TGC CGG TAC CTT ATT ACT TGT TGC CCC AGA CAG CC-3!

GSTM2-2Ba 5'-AGT TAA GTC TAA GCT TAA TAA TTT TGT TTA ACT TTA AGA AGG
AGA TAT ACA TAT GCC CAT GAC ACT GGG GTA C-3

LMB2 5'-GTA AAA CGA CGG CCA GT-3!

LMB3 5'-CAG GAA ACA GCT ATG AC-3!

N-Flag-OPD-Fo5'-TCG ATA CGT CGG TAC CTT ATT ATG ACG CCC GCA AGG TCG
GTG-3"

N-Flag-OPD-Bec 5'-CAT TGC CAA GCC ATG GAC TAC AAA GAT GAC GAT GAT AAA ATC
ACC AAC AGC GGC GAT CGG ATC AAT ACC G-3!

BCCP5 5'-CTA GGT CAT GGA TCC ATG AAA CTG AAG GTA ACA GTC AAC GGC-
3 !

BCCP3 5'-CAG ATA GCT AAG GTT TTA TTA TTC GAT GAG CTC GAG ATC CCC-
3 !

BCCPHis+ 5'-CAT CGA AGG TGG CAG CTC TGC-3'

BCCPHis- 5'-GGC CGC AGA GCT GCC ACC TTC GAT GAG CT-3

BirAS5 5'-ATC GTA GCA CTC GAG CAT GAA GGA TAA CAC CGT GCC A-3

BirA3l 5'-GTC ATG ACT GGT ACC TTA TTA TTT TTC TGC ACT ACG CAG-3'

FLAG 5'-CAT GGA CTA CAA AGA TGA CGA TGA TAA AAT GCA TGG CAA CGA
AGG TAC CG-3

FLAGas 5'-GAT CCG GTA CCT TCG TTG CAT GCA TTT TAT CAT CGT CAT CTT
TGT AGT C-3!

FLAGHA 5'-AAC TCA GCT TCC TTT CGG GCT TTG TTA GGA TCC TCC TCC CGC
ATA ATC CGG CAC ATC ATA CGG ATA TCC TCC TCC GGA TCC GGT ACC
TTC GTT GCC-3

pETrev.b 5'-biotin-GGT TTT CAC CGT CAT CAC CG-3'

pETfor 5'-GAC TCC AAC GTC AAA GGG CG-3

FLAGrevl 5'-AAC TCA GCT TCC TTT CGG GC-3
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 45
<210> SEQ ID NO 1
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid
<400> SEQUENCE: 1

32
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Met Asp Tyr Lys Asp Asp Asp Asp Lys Met His Gly Asn Glu Gly

1 5 10

<210>
<21ll>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 51

TYPE: DNA

ORGANISM: Artificial
FEATURE :

OTHER INFORMATION: Plasmid

<400> SEQUENCE: 2

tataccatgg actacaaaga tgacgatgat aaaatgcatg gcaacgaagg t

<210>
<211l>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 9

TYPE: DNA

ORGANISM: Artificial

FEATURE :

OTHER INFORMATION: Restriction site

<400> SEQUENCE: 3

accggatcce

<210>
<211l>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: o

TYPE: DNA

ORGANISM: Artificial

FEATURE :

OTHER INFORMATION: Restriction site

15

51
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-continued

<400> SEQUENCE: 4

aagctt 6

<210> SEQ ID NO b5

<211> LENGTH: b5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid

<400> SEQUENCE: b5

Met Gly Gly Ser Ser
1 5

<210> SEQ ID NO 6

<211> LENGTH: 17

212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Restriction site

<400> SEQUENCE: 6

ccatgggggg ctcgagc 17

<210> SEQ ID NO 7

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Restriction site

<400> SEQUENCE: 7

ggtacc 6

<210> SEQ ID NO 8

<211> LENGTH: 50

212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid

<400> SEQUENCE: 8

ccatggacta caaagatgac gatgataaaa tgcatggcaa cgaaggtacc 50

<210> SEQ ID NO ©

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223>» OTHER INFORMATION: Plasmid

<400> SEQUENCE: 9

ggtaccttcg ttgccatgca ttttatcate gtcatcectttg tagtccatgg 50
<210> SEQ ID NO 10

<211> LENGTH: ©

<212 TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

«<223> OTHER INFOEMATION: Plasmid

<400> SEQUENCE: 10

Met Asp Tvyr Lys Asp Asp Asp Asp Lys
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34

-continued

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

ggatccgaat tcgagcectcecceg tcegacaagcet tgcggcoccgca ctcgagca

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

tgctcgagtyg cggccecgcaag cttgtcogacyg gagctcecgaat tcecggatcc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

atggactaca aagatgacga tgataaaatg catggcaacg aaggtaccgg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

ccggtacctt cgttgccatg cattttatca tegtcatcectt tgtagtceccat

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

Met Asp Tyr Lys Asp Asp Asp Asp Lys Met His Gly Asn Glu Gly

1

Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

atccggagga ggatatcegt atgatgtgcecce ggattatgeg ggaggaggat cctaa

SEQ ID NO 11

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 11

SEQ ID NO 12

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 12

SEQ ID NO 13

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 13

SEQ ID NO 14

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 14

SEQ ID NO 15

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 15

5

SEQ ID NO 16

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 16

48

48

50

50

Thr

55
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<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

ttaggatcct cctcececcgcat aatccggcac atcatacgga tatcctecte cggat

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

35

-continued

SEQ ID NO 17

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 17

55

SEQ ID NO 18

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Plasmid

SEQUENCE: 18

Ser Gly Gly Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Gly Gly

1

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

cgagctagag gtaccttatt accgccecgcectce cagaatctca aagcaatag

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

gcatctgaca agcttaataa ttttgtttaa ctttaagaag gagatataca tatgatcagt

ctgattgcgyg cgttagcggt ag

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

gtaaaacgac ggccagt

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

5 10 15

SEQ ID NO 19

LENGTH: 49

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 19

49

SEQ ID NO 20

LENGTH: 82

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 20

60

82

SEQ ID NO 21

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 21

17

SEQ ID NO 22

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 22

Dec. 31, 2009
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gcgcgaagcet tcgatcagtce tgattgcegge g

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 23

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 23

gcgcctcecgag ttcocgecget ccagaatctce

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 24

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucletide

SEQUENCE: 24

gactccaacg tcaaagggcy

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 25

ggttttcacc gtcatcaccy

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 26

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 26

gcgcgaagcet tcgagtaaag gagaagaact tttce

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 27

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 27

gcgcctcgag ttttgtatag ttcatccatg ccatg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 28

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 28

tgatgccggt accttattac ttgttgcccce agacagcc

<210>

SEQ ID NO 29

30

-continued

31

30

20

20

34

35

38
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<211>
<212>
<213>
<220>
<223>

<4 00>

agttaagtct aagcttaata attttgttta actttaagaa ggagatatac atatgcccat

LENGTH: 73

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 29

gacactgggg tac

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 30

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 30

gtaaaacgac ggccagt

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 31

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 31

caggaaacag ctatgac

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 32

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 32

tcgatacgtc ggtaccttat tatgacgccce gcaaggtcecgg tg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

cattgccaag ccatggacta caaagatgac gatgataaaa tcaccaacag cggcgatcgg

SEQ ID NO 33

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 33

atcaataccg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 34

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 34

ctaggtcatg gatccatgaa actgaaggta acagtcaacg gc

<210>

SEQ ID NO 35

37

-continued

60

73

17

17

42

60

70

42
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<211>
<212>
<213>
<220>
<223>

<4 00>

cagatagcta agcttttatt attcgatgag ctcgagatcce cc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 35

SEQ ID NO 36

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 36

catcgaaggt ggcagctctg ¢

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 37

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 37

ggccgcagag ctgccacctt cgatgagcet

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 38

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 38

atcgtagcac tcgagcatga aggataacac cgtgcca

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

gtcatgactg gtaccttatt atttttctgc actacgcag

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 39

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 39

SEQ ID NO 40

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 40

33

-continued

catggactac aaagatgacg atgataaaat gcatggcaac gaaggtaccg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 41

LENGTH: 49

TYPE: DNA

ORGANISM: Artificial
FEATURE:

42

21

29

37

39

50
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39

-continued

<223> OTHER INFORMATION: Oligonucleotide
<400> SEQUENCE: 41

gatccggtac cttcecgttgca tgcattttat catcgtcatc tttgtagtc

<210> SEQ ID NO 42

<211> LENGTH: 96

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 42

aactcagctt cctttcecggge tttgttagga tcecctcectcece gcataatccecg gcacatcata

cggatatcct cctceccggatce cggtaccttce gttgcec

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 43

ggttttcacc gtcatcaccy

<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 44

gactccaacg tcaaagggcyg

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 45

aactcagctt cctttcgggce

1. (canceled)

2. A method for increasing concentration of a nucleic acid
molecule comprising the steps of:

(a) forming aqueous microcapsules from a water-in-oil
emulsion, wherein a plurality of microcapsules include a
nucleic acid molecule, a solid-phase support capable of
being linked to the nucleic acid molecule, and an aque-
ous solution comprising components necessary to per-
form nucleic acid amplification;

(b) replicating the nucleic acid molecule 1n the microcap-
sules to form replicated product copies of the nucleic
acid molecule;

(c) capturing the replicated product copies to the solid-
phase support 1n the microcapsules, and

(d) sorting according to a change in optical properties of the
nucleic acid, thereby increasing the concentration of the
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49

60

96

20

20

20

nucleic acid molecule.

3. The method of claim 2, wherein the nucleic acid repli-
cation 1s performed using a method selected from the group
consisting of Qb replicase amplification, ligase chain reac-
tion, self sustained sequence replication, and strand displace-
ment amplification.

4. The method of claim 2, wherein the nucleic acid repli-
cation 1s performed using polymerase chain reaction.

5. The method of claim 2, wherein the water-1n-o1l emul-

sion includes at |

east one emulsion stabilizer.

6. The method

| of claim 5, wherein the emulsion stabilizer

1S a non-i1onic surtactant.
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7. The method of claim 6, wherein the emulsion stabilizer
1s selected from the group consisting of sorbitan monooleate

and polyoxyethylenesorbitan monooleate.

8. The method of claim 5, wherein the emulsion stabilizer
1s an anionic surfactant.

9. The method of claim 8, wherein the emulsion stabilizer
1s selected from the group consisting of sodium cholate,
sodium taurocholate, and sodium deoxycholate.

10. The method of claim 2 or claim 4, wherein the emulsion
1s thermostable.

11. The method of claim 2 wherein the nucleic acid mol-
ecule comprises a biotin tag.

12. The method of claim 2 wherein the solid-phase support
1s a bead.

13. The method of claim 12, wherein the bead comprises a
coating selected from the group consisting of avidin or
streptavidin.
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14. The method of claim 12, wherein the bead 1s selected
from the group consisting of polystyrene, paramagnetic and
magnetic beads.

15. The method of claim 2 wherein the solid-phase support
1s a bead, the nucleic acid replication 1s performed using
polymerase chain reaction, and the emulsion 1s thermostable.

16. The method of claam 2 wherein the nucleic acid mol-
ecule 1s genomic DNA or cDNA.

17. The method of claim 2 wherein a plurality of micro-
capsules when formed each contains on average one or less
than one nucleic acid molecule.

18. The method of claim 2 wherein a plurality of micro-
capsules when formed each contains on average between 5
and 1000 different nucleic acid molecule per microcapsule.

e e e e e
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