WD 02/ 053582 PCT/ JP01/ 10682 DESCRI PTI ON PROCESS FOR PRODUCI NG PEPTI DES BY
USING in vitro TRANSCRI PTI OV TRANSLATI ON SYSTEM Technical Field to which

the | nvenianBsdspngs This invention relates to a process gqipa{/aRgsi Ng a
pepti de or a peptide derivative by using a reaction systenlo{ transcri bi ng

a DNA into an RNA and then translating the RNA produced or a reaction
systemof translating an RNA in vitro (hereinafter referred to as "in
vitro transcription / translati QESGRIPTIONStent) and a kit of protein
conponents which conprises enzynes and factors for the constitution of
this reaction system Background of the Invention There have been known
cell-free protein synthesis systens derived from Escherichia coli, rabbit
reticul ocytes, or wheat erm_. (Current %Pinion i n Bi ot echnol ogy 9: 534-548
(1998), J. Bi &S §é%ﬁg£ﬁ0@ﬁ-%% FEFHIPES Y% MG & - #itde syst ens,
pepti des can be synthesized within several hours. Nanely, proteins can be

h
synt hesi zed within a sABPYSERAETEONSaF RN RLON iRYSHDL” where forei gn genes

are inserted into host cells and then expressed therein (Proc. Natl. Acad.

Sci. USA 94: 412-Phlchni(cl9 BielkEES hefild Srl4ondedrtddh EH¥hy)s Mreover, it
is recognized or expected that synthesis of proteins in cell-free systens

has a nunber ofrieghnheahtagdiantagess alo | £agkocdsMO0Q2/ '
PCT/ JP01/ 10682 o ! &3proces 53R8cing a

peptide or a peptide derivative by using a reaction system of
transcribing a DNA into an RNA and then translating the RNA
produced or a reaction system of translating an RNA in vitro
(hereinafter referred to as “in vitro transcription
translation reaction system”) and a kit of protein components
which comprises enzymes and factors for the constitution of this

reaction system.

Background of the Invention

There have been known cell-free protein synthesis systems
derived from Escherichia coli, rabbit reticulocytes, or wheat
germ (Current Opinion in Biotechnology 9:534-548 (1998), UJ.
Biotechnology 41:81-90 (1995)). 1In these cell-free systems,
peptides can be synthesized within several hours. Namely,
proteins can be synthesized within a short time compared with
the case where foreign genes are inserted into host cells and
then expressed therein (Proc. Natl. Acad. Sci. USA 94:412-417
(1997), FEBS Letters 414:268-270 (1997)). Moreover, it is
recognized or expected that synthesis of proteins in cell-free

systems has a number of technical advantages, at least



theoretically, over the case of inserting foreign gene into host cells and
expressing the sane. Nanely, use of these cell-free protein synthesis

systenms NRkEmdsisspossi bl e to produce peptides which woul §3¢p8i/aR8s €d by
proteases originating in host cells and peptides showing toxicity on host

cells. It is also possible by using these systens to produce peptide
derivatives which do not occur in nature by incorporating unnatural am no
acid residues into specific positions by using am noacyl -tRNA charged by
the unnatural amno_acid resjdues (Anpy. Rev. Biophys. Bionol. Struct.

b b PR

24: 435- 4627298957 F21 oY+ OFiR AR S2ERAy SBRET Y FFDOIBETHOTRNA,
ri bosone and. peptide. These ol ysone displays and utilization thereof are
reported Bl He 2 eX@ressingIthe maRR ofPEELYNMEERREE 28ESE200b)iee
105- 117, Schaff itzel C., J. Imunol ogical Methods 231 (2000) pp. 119-135,
Roberts RWWOot&im semthgsils s enehekecal t Biogisddy 3t¢ PIOIPCERer 268273 and
ibid. 9 (1998) pp. 534-548 (in particular, on and after p. 543) and, in
addi ti on, wdksle ipeld g, deggstefEBESPIEeteases50r 195131 ong 1908pstppkls Nat | .
Acad. Sci. USA 95:14130-14135 (1998), and Proc. Natl. Acad. Sci. USA
94: 4937- 4942 (2937 esAlsthougly ctodectey | oaxthreadt scpkls se Wer éserplayed at
the early stage, only unstable reactions could be perforned thereby and
t hus pepthdesibike esysthegstizese anlsaats townowdlak prately, deficam Dvdst o
0.01% of vital cells. Subsequent studies have clarified conponents
cont ai nedvh iclexdd aeits owlruehiarea hecessanycor@porgeiegenphnesstan @andho
simul taneously revealed that 2 WO 02/053582 PCT/ JPOL/ 10682
acid residues into specific positions by using aminoacyl-tRNA
charged by the unnatural amino acid residues (Annu. Rev. Biophys.
Biomol. Struct. 24:435-462 (1995)), or complexes (polysome
displays) composed of mRNA, ribosome and peptide. These
polysome displays and utilization thereof are reported by He
M.. et al., J. Immunological Methods 231 (2000) pp. 105-117,
Schaffitzel C., J. Immunological Methods 231 (2000) pp. 119-135,
Roberts RW., Current Opinion in Chemical Biology 3 (1299) pp.
268-273 and ibid. 9 (1998) pp. 534-548 (in particular, on and
after p. 543) and, in addition, described in, e.g., FEBS Lett.
450:105-110 (1999), Proc. Natl. Acad. Sci. USA 95:14130-14135
(1998), and Proc. Natl. Acad. Sci. USA 94:4937-4942 (1997).
Although crude cell extracts per se were employed at the
early stage, only unstable reactions could be performed thereby
and thus peptides were synthesized only at low yield, namely,
from 0.1 to 0.01% of vital cells. Subsequent studies have

clarified components contained in extracts which are necessary

for gene expression and simultaneously revealed that



unnecessary conponents and inhibitors (for exanpl e endogenous nucl ease
degradi ng nRNA (RNA 6: 1079- 1090 (2000))"'are contained therein. Thus
attenpts {yv@,Reay nade to elimnate these unnecessary cQmoRsnics:2
However, the conventional nethod, which conprises using a cell-free
extract as a base and elimnating unnecessary conponents therefrom
suffers from problens that reaction energy is consuned and thus the
reaction stops in about 1 hour in protein synthesis when using a batch

system It is pointed out that factors causative of these robl ens incl ude
starvati oW%?C%%%?%BtQQi@QI?‘?%§Bﬁa%%]§1 %E?B%hﬁﬁﬁr B?SBH}% CORRFENOUS

1293: 207- 212 (1992%3 . Biotechnal . é Gig accunulatlon of snal
by- pr oductécsgehe gﬁ@i@%b@%ﬂét@@ﬁy@répyfaﬂ 80¢ b remaiyenstad enzynes
(Bi ochem stry 22:346-354 (1983), J. Biol. Chem 260:15585-15591 (1985))

and ener gyhebasunpt EbﬁSb;atft@@mrss ha}rmel@@g@amdﬁortq el iminate these
transcription/translation reaction (J. Fernent. Bioeng. 84:7-13 (1997), J.
Bi ot echnolnnéded99r2080omp09e8yf. THewevelrl, erhhef edrevardrimneat itontlodidr eacti on
within a short tinme can be avoided by continuously supplying a substrate
in a transcchpdomp/itirsass| astiomyn peaotlibnfsyst ertroctsyst hesbaiseg arad

pepti de. However, there arises another problem of poor reproducibility in
thi s caseelt@indbisgpuahkessbasybeempaoleved therdfarnf,ying fidres pfesence of
a germribosone inactivator (tritin) and a translation initiation

i nhi bi t orpt&o ¢S 0Readt VO OHEBP82 FUAL I £1B68A1s the reaction
stops in about 1 hour in protein synthesis when using a batch
system. It i1s pointed out that factors causative of these
problems include starvation of nucleotide triphosphates
(Biochim. Biophys. Acta. 1293:207-212 (1996), J. Biotechnol.
48:1-8 (1996)), accumulation of small by-products such as
triphosphate hydrolyzates formed by endogenous enzymes
(Biochemistry 22:346-354 (1983), J. Biol. Chemn.
260:15585-15591 (1985)) and energy consumption by factors
unnecessary for the transcription/translation reaction (J.
Ferment. Rioeng. 84:7-13 (1997), J. Biotechnél. 61:199-208
(1998)) .

The problem of the termination of reaction within a short
time can be avoided by continuously supplying a substrate in
a transcription/translation reaction system for synthesizing
a peptide. However, there arises another problem of poor
reproducibility in this case too. This problem has been solved
by clarifying the presence of a germ ribosome inactivator

(tritin) and a translation initiation inhibitor in studies on



a system usi ng wheat germ and enpl oying a nmeans of elimnating these
substances fromgerm (Bio Industry Vol.17, No.5, 20-27 (2000)). However,

there stiylg@3Rshs anot her problemthat such a system cqopeWpHJEessSi ve
energy source wastefully irrespective of translation. It was considered

t hat these problens encountering in the conventional nethods were caused
by the presence of various unknown conponents in cell extracts which were
unnecessary in the transcription or translation reaction but could be
hardly elimnated conpletel From.,thi s viewgoint n made to

y. a ttenpt _was
synt hesi Ze S¥SHEPt PP A RARY B 8REI Y RY V9SG Waénén(%@r?elslqﬂgﬁjﬁltflélcgt ors
essentially required in the translation _(The Jourqfl,Pf Big{o iggl
Cheni st r y-h#se 2opstRECES, T6989IE8T4 (BEQobYTYs EX Ot e/ DR dir el éd
synt hesi s of(gB-galactosidase in this case, use was exclusively nmade of,
in additiGPaD e Hemeveribdseres stiHd fremMadhisn §reF hesnpaiveded pidt i ed
fromE. coli extract as factors and enzynes. for the transcription and
transl at isoreh RNA $i08 efer SO8SUNEG- fBr Ayl Tt reiieydiof sparee wastefully
Met -t RNAf transfornyl ase, 20 aminoacyl -t RNA synthetases, IF-1, |F-2, IF-3,
EF- Tu, EE-1GesRectiarsd/of RRE1CRRNL and L. In this study, however, the
target product could be obtained only in a trace anount since only poor
i nformati on abadut wdbeortiatestcat tbhatnBwmNnpsobaads iqmgfuniteirdmy partitfd cati on
techni ques were available in those days. Subsequently, Gonza and his
co- wor kergorogistirdretledndthdds  we M0 QU NEB582 PET/RMREHHMR6]F various
unknown components in cell extracts which were unnecessary in
the transcription or translation reaction but could be hardly
eliminated completely. From this viewpoint, an attempt was
made to synthesize a peptide in vitro by exclusively using
enzymes and factors essentially required in the translation
(The Journal of Biological Chemistry Vol.252, No.19, 6889-6894
(1997)). For the DNA-directed synthesis of B-galactosidase in
this case, use was exclusively made of, in addition to E. coli
ribosomes, the following 33 components purified from E. coli
extract as factors and enzymes. for the transcription and
translation: RNA polymerase, N'°-formyltetrahydrofolate
Met-tRNAf transformylase, 20 aminoacyl-tRNA synthetases, IF-1,
IF-2, IF-3, EF-Tu, EF-G, RF-1 and/or RF-2, CRP, L and Lg. In
this study, however, the target product could be obtained only
in a trace amount since only poor information about the
translation mechanism and insufficient purification

techniques were available in those days.

Subsequently, Gonza and his co-workers constructed an in



vitro peptide synthesis systemfrom pre-charged am noacyl-tRNAs (i.e.,

havi ng activated am no acid attached thereto) and purified translation
factors (Wigoheses: Bi ophys. Res. Comrun. 126: 792- 798 ( 1989dr/srofXvskhe ot her
hand, Pavlov and co-workers reconstructed an in vitro translation system
using a partially purified am noacyl-tRNA synthetase m xture wth purified
transl ation factors (Archives of Biochem stry and Bi ophysics Vol . 328,

No.1, 9-16 (1996)). They also constructed a corrpl eter purified in vitro

translatlon system usi. short artlflc 89-401
(1997)). er,],pep%tla%as el Baeh rep FRIH o) frar as L%te mve%éors know
t hat aprot e| ni ynt hesi zed from at ur al

transl at i Bh-'§ %ﬂ@@?%she%y COPHET S| Fot BT eHt | lneonz&ilcrrles ytéjaodk?act ors.

In the conventiaonal cell-free eptl synt S in.wvitro
peptide syHRS)s adk tpé]r?sl%dngr@élls té)‘?t“rg %éorﬁnﬁ Bhme
procedures are needed for _isalati gg%and puri f (Eit tar et pepotl de product

from protiéit CBHPBhent® i PAThE T ¢ §9n sy@fle SR t ar get

pepti de can be obtained only at a poor vyield. Summry of the I nvention The
present iFVEMIOIPEHES dfeORTEFUCEPARAN B VT T @ritrai bt el an syt s
system whereby the probl emof energy consunption in systens for

synt hesi Zihinpepiadds ald wipvre fdgd apénevevéoRBNAapm probaee dgl a1 vitro
pepti de synthesis system 5 WO 02/053582 PCT/JP01/10682 whereby a peptide
product carntlbpuefifiedemntdnsiasvlet ddctrom Archives of Biochemistry and

Biophysics Vol.328, No.l, 9~16 (1996)). They alsoc constructed
a completely purified in vitro translation system using short
artificial mRNA (J. Mol. Biol. 273:389-401 (1997)). However,
it has never been reported so far as the inventors know that
aprotein is successfully synthesized fromnatural mRNA by using
a translation system exclusively comprising essential enzymes
and factors. In the conventional cell-free peptide synthesis
systems and in vitro peptide synthesis systems using cell
extracts, moreover, troublesome procedures are needed for
isolating and purifying a target peptide product from protein
components in the reaction system and, therefore, the target

peptide can be obtained only at a poor yield.

Summary of the Invention

The present invention aims at constructing an efficient
protein synthesis system whereby the problem of energy
consumption in systems for synthesizing peptides in vitro can

be overcome, and providing an in vitro peptide synthesis system



reaction systemat a high purity. The present invention relates to a
process for producing a peptide or a peptide derivative by using a
reacti on @xsie83ssef transcribing a DNA into an RNA and t hgetiypansdeégd | ng t he
RNA produced or a reaction systemof translating an RNA in vitro
characterized in that a part or all of protein conponents constituting the
transcription/translation reaction system are |abeled with one of a pair
of substances adhering to each other and the other substance is used as an

adsorbent .for . capiuring_ saj d, pr d .ggg%? t terohansl ating.

In this 6%6%6%’,aap§Pﬁ%§FIﬁﬂ%%%??gkgb%§6$%§¥?bns q?%é%tggbgt%%ce used for

| abeling a rt or_all of the protein ..conponents constituting the reaction
W 4!

system wi't OT5 BT EAE T R e %si%%r%%%brbent for capturing the |abel ed
protein conponents may be, used in the tran cri%}ion/tr?nslatkﬁn . _reaction
system The prot¥& REESTHONERYE FABR I 3G t8ne PoP “E55al P T - FHe 119
substances adhering to each other are a part or. all of factors nd enzynes
for the t& #RRGFIGR iYn DPEERAS SEFdNtedEt PENISIREr 2 TR QY - Fk ahf] of
these factors and enzynes include initiation factors, elongation factors,
t er m nat i oh FraeserEib IngienBHAYIN ERRA §iAt #ed 4D FEERPIAFLIERNAS RNA
transfornyl ase and RNA pol ynerase. The protein conponents |abeled with one
of a pai roofduded @& WO BHO5388ZREEWPE1LI6B82atsnEsEANRES HYHENFYy to
each other are the factors and enzynes

characterized in that a part or all of protein components

constituting the transcription/translation reaction system
are labeled with one of a pair of substances adhering to each
other and the other substance is used as an adsorbent for
capturing said labeled protein components after translating.
In this process, a plural number of combinations of the
substance used for labeling a part or all of the protein
components constituting the reaction system with the substance
used as an adsorbent for capturing the labeled protein
components may be used in the transcription/translation
reaction system.

The protein components labeled with one of a pair of the
substances adhering to each other are a part or all of factors
and enzymes for the transcription or translation reaction.
Particular examples of these factors and enzymes include
initiation factors, elongation factors, termination factors,
aminoacyl-tRNA synthetase, methionyl-tRNA transformylase and
RNA polymerase.

The protein components labeled with one of a pair of the



for the transcription or translation reaction and other enzynmes required
in the constitution of the reaction system Exanples of the enzynes

requi red wo dg2hezsgpnstitution of the reaction system ot herpdi@ir/ides: f actors
and enzynes for the transcription or translation reaction include enzynes
for regenerating energy in the reaction systemand enzynes for hydrol yzing
i norgani ¢ pyrophosphoric acid forned during the transcription or
translation reaction According to the present invention, unnatural

pepti des g Q. WaRALULY (BN, ALy &S ldugs f@&@éf@%ﬁ%&%n‘z%@s desired

p05|t|ons an peptl erivatrves suc as pol ysonme di spl ays can b

pr oduced the r.eacti on i san RNA
and t hen ftbo?’/raﬁ iaﬁlgs%%ép pro%uce nt%é%g? ﬁgn@o%%él n-vi t ro which
is free from m nation factors. In_.the present iny |on

conbi nat i% c?rgudfreéjﬂi?tg%%ecs Sﬁiﬁ%ﬁ y ?]ﬁtt(g}a tf"lﬁgluoﬁl : ?I Al ty (%gﬁﬁg)r%gtsogr aphy

can be sel ected from anon tion of r.ot ei

fragment SA tHe SRS | 2%{% R @ﬁ&&m &%\ﬁe‘t ﬁp l;C&ﬁtnl body, a
conmbi nation a protein with a roteln or a peptide fra qQnbi nati on
a protei rﬁmi'{eﬁﬂ atspectiae t#‘&/\%%?%%laé%d %T'}é'ﬁ s @c'fnjb% aéjﬁcgd‘ﬁp d°r om t he

group consisting of am no acids, DNAs, dyes, vitamns and lectins, a
conbi nat ightBRNEL BESPBILEAMLIPD BNSHEAPEPEIBIN P AT eBRBFRAF DA G@Préfypr otein
or a peptide fragnment 7 WD 02/053582 PCT/JP01/10682 w th an ion exchange
resin. Anongha Ireaiatios Favseabpadt enpgees for hydrolyzing inorganic

pyrophosphoric acid formed during the transcription or
translation reaction.

According to the present invention, unnatural peptides
carrying unnatural amino acid residues incorporated into
desired positions and peptide derivatives such as polysome
displays can be produced by using the reaction system for
transcribing a DNA into an RNA and then translating the RNA
produced or translating an RNA in vitro which is free from
termination factors.

In the present invention, the combination of substances
mutuallyinteractinginaffinitychromatographycanbeselected
from among a combination of a protein or a peptide fragment with
a metal ion, a combination of an antigen with an antibody, a
combination a protein with a protein or a peptide fragment, a
combination a protein with a specific low-molecular weight
compoundselectedfromthegroupconsistingofaminoacids,DNAS,
dyes, vitamins and lectins, a combination of a protein with

a saccharide and a combination of a protein or a peptide fragment



a conbination of histidine tag wwth a netal chelate such as a nickel
conpl ex or a cobalt conplex taking advantage of a bond between a protein
or a peptwédaossgpent and a netal ion. The substances adhgdmgoi/feeach
other usable in the present invention are not restricted to a conbination
of substances nutually interacting in affinity chromatography. Use nmay be
made therefor of, for exanple, substances magnetically adhering to each

ot her too. The present invention further relates to a kit of protein

conponent s .for_a.reacti.,on syst f or i Ng i i de
Gertvat Va5 BT S e T A e ARaRT R AT B T P TR he Rwa
produced or translatin RNA.in vitro...ghar i Lpn_t t kit
conprise§'5085F9a5ﬁoﬁigfg$lg$@?é?% t%%ﬁ%&%%ﬁt%gﬁggséﬁgﬁ%?%dggﬁéEgga

¢ g : : .

ar o Sol VRSt FORPIRE GF ot GOnsT SEG Of CenspHos CARECFACC oL & WhToh are
| abeled with one of a pair of substances adherin%.to each qﬁher. In this

km,the%ﬁ%ﬁ%Qﬁﬁ%ﬁﬁh@w%gﬁ¥@%§¥ﬁﬁﬂ% N% 2o f5-Satd enzynes for
the transcription or translation reaction and other enzynes required in
the constituti Gheofsutrtanceatt PORCEIRY e PR QIRET eR3APT &8s 1Bf

factors and enzymes for the transcription or translation reaction include
i nitiati ereseotior shvehbhgat ifgw Mt oFssteérhiPAaticor? f geRBigation of

am noacyl -t RNA synt hetase, nethionyl -t RNA transfornylase and 8 WO

02/ 053582 PET/alfGly 10882 1 IRNA ipm sawriase  1rParifigul it il tegTehhe
enzynmes required

Use may be made therefor of, for example, substances
magnetically adhering to each other too.

The present invention further relates to a kit of protein
components for a reaction system for producing a peptide or a
peptide derivative by transcribing a DNA into an RNA and then
translating the RNA produced or translating an RNA in vitro
characterized in that the kit comprises a part or all of protein
components constituting the transcription/translation
reaction system and that the protein components are selected
from the group consisting of enzymes and factors which are
labeled with one of a pair of substances adhering to each other.
In this kit, the protein components are selected from the
factors and enzymes for the transcription or translation
reaction and other enzymes required in the constitution of the
reaction system. Particular examples of the factors and
enzymes for the transcription or translation reaction include
initiation factors, elongation factors, termination factors,

aminoacyl-tRNA synthetase, methionyl-tRNA transformylase and



in the constitution of the reaction systemother than the factors and
enzynes for the transcription or translation reaction include enzynes for

regener at wigd2@8sssgy in the reaction system and enzynes f gothwdl/eeyzi ng

i norgani ¢ pyrophosphoric acid formed during the transcription or

transl ation reaction. The kit of protein conponents according to the
present invention nmay conprise an adsorbent for capturing the protein
conponents | abeled with one of a pair of the substances adhering to each

other. The_ kit of protein_conponents according_to the present i.nvention
may conpri¥e p@&%ﬁ}eﬁé‘tsieo'ns?aai%fséligﬁt efi?]&ﬁﬁgﬁcﬁfoﬁﬁ S 26% he S rseté;nce

used for |abeling a part or all_of the protein ¢ onent s nstituting the
reacti on iy st ﬁPPﬁE%’HBt%GBspgnc@e us® E%O%ns?iagglg%ﬁgef:o%%@élpttaﬁ ng the

| abel ed protein conponents. Brief Description, of the Draw ng Fig. 1]
Fig. 1 sHe@EaES canfl [iiodtife fPactifenstImaerr WP st 088 qb'@r%ﬁsjﬂgjg’rnadi ent .

[Fig. 2] Fig. 2 shows 12% SDS- PAGE patterns of Hi s-tagged initiation
factors, aasHgatl oAnFaeHer sSRAdI¢Rr HOFat TOACRAERBERY (CEATYed i tHhe
coomassie brilliant blue). 9 WO 02/053582 PCT/JP01/10682 [Fig. 3] Fig. 3A
shows t heceatiatdve DHFRmctand t | @szpleH steaggegdrolyzing 1inorganic

pyrophosphoric acid formed during the transcription or
translation reaction. The kit of protein components according
to the present invention may comprise an adsorbent for capturing
the protein components labeled with one of a pair of the
substances adhering to each other.

The kit of protein components according to the present
inventionmay comprise combinations, different from each other,
of the substance used for labeling a part or all of the protein
components constituting the reaction system with the substance
used as an adsorbent for capturing the labeled protein

components.

Brief Description of the Drawings
[Fig. 1]

Fig. 1 shows E. coli ribosome fractions under a sucrose
density gradient.
[Fig. 2]

Fig. 2 shows 12% SDS-PAGE patterns of His-tagged
initiation factors, elongation factors and termination factors

(stained with coomassie brilliant blue).



initiation factors, and Fig. 3B shows the opti mum concentrations of
Hi s-tagged initiation factors expressed in the relative DHFR activities.

[Fig. 4] Wwopzodzsshows the activities of His-tagged term naidmpor/i@es or s
expressed in the yields of fMFL. [Fig. 5] Fig. 5A shows a diagram of WV
absorption at 570nm of elute including H s-tagged SerRS. Fig. 5B shows a
chromat ogram of His-tagged SerRS. [Fig. 6] Fig. 6 shows 12% SDS- PAGE
patterns of Hi s-tagged ARSs and MIF. [Fig. 7] Fig. 7A shows the optinmm
concentraﬁ'.ons f Hi s-tagged termnation factors in the in vitro poly
(Phe) syn i s 'system according to the present invention expressed in the

cynthesi 5. | onctiighs JCexpr eSSt FA_Phe VPrE T meoraer st con T 80d O T3 the in
vitro synthesis system according to the present .invention and.i.n the S100
extract systlelatidt g. L8FtRF§: 8Ahow192% %58 PR Hat %grens B wo
02/ 053582 PCT/JP01/ 10682 35S] Met - cont ai ni ng DHFR products, which were
synt hesi Zancensirletone|qf {’?‘Vsﬁﬁa'r?@etdhénﬂﬁlﬁctlpﬁ £9n %%%i%x%‘@ﬁs?%?#&é’cordi ng
the relative DHFR activities.
[Fig. 4]

Fig. 4 shows the activities of His-tagged termination
factors expressed in the yields of fMFL.
[Fig. 51

Fig. 5A shows a diagram of UV absorption at 570nm of elute
including His-tagged SerRS. Fig. 5B shows a chromatogram of
His-tagged SerRS.

[Fig. 6]

Fig. 6 shows 12% SDS-PAGE patterns of His-tagged ARSs and
MTEF,

[Fig. 7]

Fig. 7A shows the optimum concentrations of His-tagged
termination factors in the in vitro poly(Phe) synthesis system
according to the present invention expressed in the Phe
incorporation levels. Fig. 7B shows the progress of poly (Phe)
synthesisreactions(expressedjjlthePheincorporationlevels)
in the in vitro synthesis system according to the present
invention and in the S100 extract system.

[Fig. 8]

Fig. 8A shows 12% SDS-PAGE patterns of
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to the present invention and the S30 system Fig. 8B shows the DHFR
activities of these products. [Fig. 9] Fig. 9 shows the tine courses of the
DHFR synt Wesiamszssgactions in the in vitro synthesis systemafyphheesps esent
invention and in the S30 system [Fig. 10] Fig. 10 shows the consunption of
the energy source in the in vitro synthesis system of the present
invention (right) and in the S30 system (left) with the passage of tine.
[Fig. 11] Fig. 11 shows the formation of DHFR carrying valine residue

i ncor por af €6 ] Mette dolmé 2374 posi DEOR  as calumadel wifiithe wamcos potlags bredf an
unnatural amno acid in the in vitro synthesis system of the present

i nventionreffegtid] yhbg.uslizdy shews navdi agraamiefe ddST sgleserpbtosraing70nm of
elute including H s-tagged T7RNA pol ynerase. Fig. 12B shows a

chromat ogtampé bissénggetvd RV pohy MBE@s30 [fdhend3] Fig. 83 shows
SDS- PAGE patterns of various proteins synthesized by using the in vitro

synt hesi stsy¥sbarROokcEhe:i + pEesgnt thB¥ENEE8Au 14, WO 02/ 053582 PCT/ JP01/ 10682
[Fig. 14] Fig. 14 shows the purity of FR, which is the translation
[Fig. 9]

Fig. 9 shows the time courses of the DHFR synthesis
reactions in the in vitro synthesis system of the present
invention and in the S30 system.

[Fig. 10]

Fig. 10 shows the consumption of the energy’soufce in the
in vitro synthesis system of the present invention (right) and
in the S30 system (left) with the passage of time.

[Fig. 117

Fig. 11 shows the formation of DHFR carrying valine
residue incorporated into the 37-position as a model of the
incorporation of an unnatural amino acid in the in wvitro
synthesis system of the present invention.

[Fig. 12]

Fig. 12A shows a diagram of UV absorption at 570nm of elute
including His-tagged T7RNA polymerase. Fig. 12B shows a
chromatogram of His-tagged T7RNA polymerase.

[Fig. 13]

Fig. 13 shows SDS-PAGE patterns of various proteins

synthesized by using the in vitro synthesis system of the

present invention.
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product in the in vitro synthesis systemof the present invention, after
passing through ultrafiltration nmenbrane with cut-off of 100kDa and a

ni ckel colygdnsidg,this figure, the arrow shows the positigqebh/RHER
Detail ed Description of the Invention The in vitro synthesis system of the

present invention is a reaction systemfor synthesizing a peptide by
transcribing a DNA into an RNA and then translating the RNA produced or
translating an RNA without using cells per se. The term "peptide" as used
her ei n S, @ bst ance conposed of 2 or nore natural or unnatural am no
acids att éﬁ%d]tg each other via peptide bond and involves oligopeptides

and pol ypeptides in it scope. Mir.eover ot el .havi ng a _speci.fic
three-dinensio%&ﬁ” %% VﬁﬁEQSﬁnﬁﬁﬂ§b8 i V%f?ﬁﬁf%E#%q¥ﬁ¥§ﬁ€hJéﬁbry. The
term "RNA" as used herein inval ves synthetfic RNAs and in i%%NAs
cat egor y PEAFUGE tHe tté¥em 2N TS (3WEHRT BT nSYATEMV &Y sREn&hcse and
CDNAs in its category. The in vitro synthesis system of the grese
i nvent i oV SEHEET N2 AT BRR A LS IR ASEPPBR I THad et TRNA AnBeTRER" ¢ FE
produced is translated or an RNA is translated, is a reaction system
exi sti ng qutmidkaf yodkdacenrd ¢ wickekgpysife cbi F81gnd IWohsFREiaTd Bt
ri bosone, factors and enzynes for the 12 WO 02/053582 PCT/JP01/10682
transcri pthasrs dha s Etdorf d48tRon, ot her enzynes required in the
constitution of the reaction system various substrates, buffers and
salts. Although the excellent effects of the :
Detailed Description of the Invention
The in vitro synthesis system of the present invention
is a reaction system for synthesizing a peptide by transcribing
a DNA into an RNA and then translating the RNA produced or
translating an RNA without using cells per se. The term
“peptide” as used herein means a substance composed of 2 or more
natural or unnatural amino acids attached to each other via
peptide bond and involves oligopeptides and polypeptides in its
scope. Moreover, proteins having a specific three-dimensional
structure of polypeptides fall within this category. The term
“RNA” as used herein involves synthetic RNAs and mRNAs in its
category, while the term “"DNA” as used herein involves synthetic
DNAs and cDNAs in its category.
} The in vitro synthesis system of the present invention,
wherein a DNA is transcribed into an RNA and then the RNA produced
is translated or an RNA is translated, is a reaction system

existing in prokaryotic cells or eukaryotic cells and

consisting of ribosome, factors and enzymes for the

12



present invention can be established in a reaction system having been
conpletely reconstituted artificially, the present invention is also

appl i cabl @ d@,seasti on systens wherein sone of these considdpgDicsAar €
added in the formof a cell extract. The factors and enzynes for the

transcription or translation reaction are not restricted to those
originating in prokaryotic cells such as E. coli but use can be made of
those originating in eukaryotic cells. In case (1) of translating an RNA,
these factors and enzynes include initiation factors, elongatiaon factors,

t er mi nat itgrRTERIR S OO rakF ABEEHT L PRS2 EiftThe PASES, E%ﬁﬂ“%ﬁ%ﬁsquéﬁ hed to
natural or unnatural am no acids, and nethionyl-tRNA transfornmuylase is
further iincthdepndti wion eél thoregrilpadacts i syareaisIsiksds@ ) of
transcribing a DNA into an RNA and then translating the RNA produced,

t hese fadwifermndardzypaessi.nclAlddoldh ddui tevrelbent heséeerte®@Li lithe ‘above
case (1) , RNA polynerase such as T7/7RNA polynerase. The translation

react i on e diet tegehated dan beldstakdtiisigc he at egad Han sgstavthersid om t he
reaction system of the above-described case (1) or (2), as will be

di scussedbedier eionafliere ] Exarploas taftutthe eazyréscoahéy, t hiame t e dfsmattor s and
enzynes - for the transcription or translation reaction include enzynes 13
WD 02/ 053582:1RGHWn RA1A18682ppl otabigeneraiadtd ceneygyens wheresactdren syst em

such as creatine kinase, nyokinase and nucl eosi de di phosphat e ki nase
(NDK) , angde rerzyemesnken thvdtel ¥zbngiddwriganhe RYFORITOSPBOLL Cextttiatf or med
The factors and enzymes for the transcription or

translation reaction are not restricted to those originating
in prokaryotic cells such as E. coli but use can be made of those
originating in eukaryotic cells. In case (1) of translating
an RNA, these factors and enzymes include initiation factors,
elongation factors, termination factors, 20 aminoacyl-tRNA
synthetases, and tRNAs attached to natural or unnatural amino
acids, and methionyl-tRNA transformuylase is further included
in an E. coli-origin reaction system. In case (2) of
transcribing a DNA into an RNA and then translating the RNA
produced, these factors and enzymes include, 1in addition to
those cited in the above case (1), RNA polymerase such as T7RNA
polymerase. The translation reaction can be regulated by
eliminating the termination factors from the reaction system
of the above—described case (1) or (2), as will be discussed
hereinafter.

Examples of the enzymes other than the factors and enzymes

for the transcription or translation reaction include enzymes

13



during the transcription or translation reaction such as inorganic
pyrophosphat ase. Exanpl es of the various substrates include natural am no
aci ds, unwatafodkssam no aci ds, nucl eotide triphosphates as g/ JPoENREDY
source, creatine phosphate and fornylfolic acid. Nucleotide triphosphates

i ncl ude ATP, GIP, CTP and UTP. ATP and GIP are used in the above-descri bed
case (1), while ATP, GIP, CTP and UTP are used in the above-described case
(2). As the buffer, potassium phosphate buffer (pH 7.3) is usually

enpl oyed._As the s

al%s use is usuall mageof for , (LjL sium
gl ut amat & °ahfBhlGhT ﬁpgr?rbeefg%ﬁéln%é?ﬁc &c &gpa%%‘f’g%%lsgl:&giﬁ%:hrg%% 21%
putrecine, spermdine and dithiqgthreito .é?l?TT ._.Needl ess L ay, adequate
conponent’s Ra5tel Y PRARBRGER E]iuf:gf&oﬁt}g\?eéjc O%laej?ﬁl%&)r}g&et I\EDI?)n’ ERe
reaction system_The first characteristic of the present i.nv%ntio resi des
in that, S0 yAesy SOEMEE OdyRtREs L 2PREE R B pY T RPBTPLY BHs @G 15t 1§78 into
an RNA and then translating the RNA produced or translating an RNA in
vitro, adperindrthel terRAFGHEH Bonpbnéhtsslesaeri tiRdGig PhesSuch as
transcription/translation reaction system are |abeled with one of a pair
of subst dnceyademigpriwsdrtast her and the ot her substance is used as an
adsorbent for 14 WO 02/053582 PCT/JP01/10682 capturing said |abeled
prot ei n conponéntesicdfetep 't tlam glaationg. suiThtsa tehd ncdriget npepEa HETER? be
easily separated fromthe protein conponents constituting the reaction
system amgtids, unnatural amino acids, nucleotide triphosphates as an

‘energy source, creatine phosphate and formylfolic acid.

Nucleotide triphosphates include ATP, GTP, CTP and UTP. ATP

and GTP are used in the above-described case (1), while ATP,

GTP, CTP and UTP are used in the above-described case (2).

As the buffer, potassium phosphate buffer (pH 7.3) is
usually employed. As the salts, use is usually made of, for
example, potassium glutamate, ammonium chloride, magnesium
acetate, calcium chloride, putrecine, spermidine and
dithiothreitol (DTT). Needless to say, adedquate components
other than those cited above can be employed too in the reaction
system.

The first characteristic of the present invention resides
in that, in a system for synthesizing a peptide by transcribing
a DNA into an RNA and then translating the RNA produced or
translating an RNA in vitro, a part or all of protein components
constituting the transcription/translation reaction system

are labeled with one of a pair of substances adhering to each

other and the other substance is used as an adsorbent for
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obtained at an extrenmely high purity. Histidine-tagging has been sonetines
enpl oyed in producing and purifying individual protein conponents

consti t ut wah2mssseact i on system in particular, factors andcrepayigs: f or
transcription/translation reaction. For exanple, it is reported to use

hi stidine-tag in, for exanple, the production and purification of

el ongation factors EF-Tu (Eur. J. Biochem 210:177-183 (1992)), EF-G (Cel
92: 131-139 (1998)) and EF-Ts (Archives of Biochem stry and Bi ophysics

348:157-162.$51997%%. e.pr %g I ; ng '%£ ti f .2 tery;ngf i on
factor REZRProc® 5{31&}1 (k:)ge&% %F:b%%éﬁ %‘%ﬁ% 5%16%3@?91]89% “and the
product i and purification of .phenyl al.anyl -t nt.h S Pratein
Expressigﬂnﬁﬁd g%?i FEQFFO@%@tQ%E75%§V‘b?lﬁgﬁi ; F%ﬁgkggéécggés, owever
t he production and urification e carried not to.construct an_in vitro
pepti de E&%HFﬁééi§°§$§P§ﬁ¢5ﬁtcﬂ@?ﬁféuan%xa eﬁerFﬁggﬁﬁﬁct?%ﬁEeTw id’
properties of individual proteins. Tq separate a protein or a protein
derivat i Wl at 3y SKpreinhdieydierita transformant, such as E.
coli, affinity chromatography with the use of, for exanple, a conbination
of histidine CHFWdMaer AT cdiafim,PeeT oA isT of ™ vshi orfe
S-transferase with a gl utathi one-Sepharose resin colum or a 15 WO :
02/ 05358 REIUIPOL/ 18882 PEsAEYABREI 0ADEE VARlUERi t 3@ tedd wi SHPHNEHS body
has been used. In such a case, it has been a practice to incorporate a
resi due wapsblteutingetecehveliynbegdinay, t 60t e rddsodet, orf asdiomsn and o

enzymes for transcription/translation reaction. For example,

it is reported to use histidine-tag in, for example, the

production and purification of elongation factors EF-Tu (Eur.

J. Biochem. 210:177-183 (1992)), EF-G (Cell 92: 131-139 (1998))

and EF-Ts (Archives of Biochemistry and Biophysics 348:157-162

(1997)), the production and purification of a termination

factor RF2 (Proc. Natl. Acad. Sci. USA 95:8165-8169 (1998)),

and the production and purification of phenylalanyl-tRNA

synthetase (Protein Expression and Purification 8: 347-357

(1996) ). In these cases, however, the production and

purification were carried not to construct an in vitro peptide

synthesis system but merely to examine the functions or

properties of individual proteins.

To separate a protein or a protein derivative produced
by expressing a gene in a transformant, such as E. coli, affinity
chromatography with the use of, for example, a combination of

histidine tagwith a nickel column, a combination of glutathione

S-transferase with a glutathione-Sepharose resin column or a

15



the target peptide. In cell-free systenms with the use of marketed cell
extracts, use is nmade of a vector for incorporating histidine tag into a

target pewlo @as3dgsh such a case, therefore, the product i chrai/(gein the
formof a fused protein of the target peptide with the histidine tag which
shoul d be enzymatically cut off fromthe peptide after synthesizing. On
the contrary to these conventional nethods, the present inventors have
i ntroduced one of a pair of substances adhering to each other not into the

target pepti.de Egi rotein ¢ nent s nst i I i itr ptide

synt hesi séaogilbs:'t%a lorga?seg noﬁpégrogggefa%“ﬁl ing t %ﬁtl@ %gwggﬁg?:%%%tl%oe%?'or

transl ation reaction ca% 8ro%ged even t oug@ithe factors and enz s for
arrstari n

t he pransIé}isbltc' ofh Gt St AfdE ot her “enZymés are Tabe elf SWth one of
ot "The SURRANES MGG 1Y SHEH NP LOCoRCBSBRETN (Helphoeae & T

i nvention may be an arbitrary one, so long as the transcription or
transl at i 6 r eaEIEBNPRELIAGE  dildt HPd Tt ebYS A hdugh The &dFeion of

these substances to each other nmay be either reversible or irreversible,
it is preafarkdiedt cake #£3dactst, susst adGesMafrchofi rdeversidr y Tdhere to
each other. This is because the protein 16 WO 02/053582 PCT/JP01/ 10682
conponentisneonsiia uingd ittel digwc tiagh 18¢9t @ nt azge b ardpgalstedly sws®in such
a case. As an exanple of the conbination of the substances
case, therefore, the product is obtained in the form of a fused
protein of the target peptide with the histidine tag which
should be enzymatically cut off from the peptide after
synthesizing.

On the contrary to these conventional methods, the
present inventors have introduced one of a pair of substances
adhering to each other not into the target peptide but protein
components constituting the in vitro peptide synthesis system,
based on a novel finding that the transcription or translation
reaction can proceed even though the factors and enzymes for
the transcription or translation and other enzymes are labeled
with one of a pair of the substances adhering to each other.

The combination of a pair of the substances adhering to
each other to be used in the present inventionmay be an arbitrary
one, so long as the transcription or translation reaction is
not disturbed thereby. Although the adhesion of these
substances to each other may be either reversible or

irreversible, it is preferable to use a pair of substances which

irreversibly adhere to each other. This is because the protein
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adhering to each other, citation may be made of a conbination of an
adsorption colum with a substance capable of selectively binding to the

adsor pti owoclossgs2 Typi cal exanpl es thereof include substpgnegsyossral |y
interacting in affinity chromatography. For exanple, a netal conplex such
as a nickel or cobalt conplex serves as a |ligand of an adsorption col umm
whil e histidine tag serves as a substance capable of selectively binding
to the adsorption colum. Mbreover, use can be nmade of conbi nations of

vari ous 1 gands. 4 0. 3ubSLaRaGes £ARAPLE-Olon S8):REh KahYobl i ddiey el 0 as

will be diSdusse eréeinafter, - so Iongcas t reaction is not disturbed
t her eby. Th%% kg tollsaxxihge conbi nati on of the substances nutual ly
interaCHQﬁf l% zﬁ?qrﬂ%y é%rbnatography usable in the present invention can

be selected from anong, for ex e, a_canbination o% a protein  or a
peptide fragmeRt V\f‘?he%aﬁ@ggl ?%gﬂ”ﬁ &@ﬁ%ﬁlﬁl&ql@ﬁl off a heanstu?)gsgcr?nvxcnet% an
anti body, a conbination of a protejn with a _protein or a tide fragnent,
a combi n&45F 1G9 & PrEEES; ﬂtWe?h CHERHENR MY PEWR Fe%glaar(:%pl %lc%’r’rpound
selected fromthe group consisting of am no acids, DNAs, dyes,. vitamns
and | ectd3n X TRRDF hak icod VR Wl bR Gt FRASHRRRS £aRadfarf e ety
conmbi nati on of a protein or a peptide fragnent with an ion exchange resin.
17 WO 02/08858% FOT/ BP9 1349682t 1 heCoLiFaR an ded igdfHe 9%/ R e 4P TG Her
usable in the present invention are not restricted to a conbi nation of
subst ancesiaiutdal | pubsttengesi ngnithuat v ni thptanestdtegr aphy Bftfinity
chromatography. For example, a metal complex such as a nickel
or cobalt complex serves as a ligand of an adsorption column
while histidine tag serves as a substance capable of selectively
binding to the adsorption column. Moreover, use can be made
of combinations of various ligands with substances capable of
selectively binding thereto as will be discussed hereinafter,
so long as the reaction is not disturbed thereby. That is to
say, the combination of the substances mutually interacting in
affinity chromatography usable in the present invention can be
selected from among, for example, a combination of a protein
or a peptide fragment with a metal ion, a combination of an
antigen with an antibody, a combination of a protein with a
protein or a peptide fragment, a combination of a protein with
a specific low-molecular weight compound selected from the
group consisting of amino acids, DNAs, dyes, vitamins and
lectins, a combination of a protein with a saccharide and a

combination of a protein or a peptide fragment with an ion

exchange resin.
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can be arbitrarily sel ected depending on the purpose. For exanple, use may
be made therefor of substances nmagnetically adhering to each other. As an

exanpl e tWeyr@aksssa conbi nati on of a magnetic bead-| abel ed@r@hgigas t h a
magnet may be cited. In this case, protein conponents constituting the
pepti de synthesis system which have been individually |labeled with the
magneti ¢ beads, can be adsorbed by the nagnet and thus captured. In the
present invention, the adsorbent is used in the formof, for exanple, a

colum, a ”at”f%ef%éééﬁéﬁcég gdggggp% @%t%§lsgi%§# rt%g?ﬁgg 99 ﬁﬁé@d to a

carrier (support), 1 esired the a e carrier, an
appropri ate ans_can, be_sel ect ed from anmong .known_t L e di ng on
t he propé%??%ggﬁbflPﬁgngﬁg8r5@51.n%%efgggfécgggl3¥%Iangﬁggkﬂgﬁ§8gngﬁﬂations
of the substance for labeling a rt or _all_of. the protein _conponents
consti t utg ?&F?%E%@P&ﬁﬁ¥y§%%%¥%& HIHE 5 Jéﬁéghgggagagr?ﬂgy%ﬁlsorbent
for capturing the thus | abel ed_protein conpgnents. It is possible to use
such conﬁ?ﬁh?@%n%rEPFF@FFﬁé Fﬁéﬁpgﬁgh%egﬁﬁgﬁnﬁnog'ﬁqﬁﬂ39§ ion %ystem
It may be rather considered as favorable to select the nost suitable

| abel s f c¥x3mEzhRctUsie Map SeeladeorPEREAPE AR HPRIARET At Eloid5enits
appropriate for these |abels. 18 WO 02/053582 PCT/JP01/10682 Since the
factors athenzyids fegicht REheransky i4t ieoPrlansharpoh, reeRaistem and

other enzynes are |abeled with one of a pair of the substances adhering to
of a magnetic bead-labeled protein with a magnet may be cited.

In this case, protein components constituting the peptide
synthesiss?stem,whichhavebeenindividuallylabeledwiththe
magnetic beads, can be adsorbed by the magnet and thus captured.

In the present invention, the adsorbent is used in the
form of, for example, a column, a matrix, a filter or a bead.
Alternatively, it may be fixed to a carrier (support), if‘
desired. To fix the adsorbent to the carrier, an appropriate
means can be selected from among known techniques depending on
the properties of the adsorbent.

There are a plural number of combinations of the substance
for labeling a part or all of the protein components
constituting the reaction system with the substance used as the
adsorbent for capturing the thus labeled protein components.
It is possible to use such combinations differing from each
other in a single reaction system. It may be rather considered
as favorable to select the most suitable labels for respective
protein components and then select adsorbents appropriate for

these labels.
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each other in the present invention, the protein conmponents constituting
the reaction system can be obtained each in a highly pure state and the

reacti on @xsi@833gs Nnot contam nated wth any unknown and pgnn@egsRes y Or

i nhi bitory conponents. Thus, the reaction systemcan be established and,
consequently, the reaction efficiency can be largely elevated. In

addition, it becones possible to quickly separate the target peptide from
t hese reaction constituents after synthesizing the peptide. 1In the
conventional cel,l-free stens__a, peptide forned the r tion.js
purified by extr&&S on. %?[‘t? is ¥%%F§]f’%re r?élélged Fg%glglsect ]g%?appr%c%lﬁri ate

purification £r0.cch,ure i case dc—;tp.endi ng..on the \p;)hc si.cal__and chem cal
e

properti &5 B He Jr%%{c{{%nad% ; 2235 1A HIESEhE I hventd ok H AR

cont r ast
thereto, the conponents constituting, the_reactiaon systemare .elimnated by
usi ng t heRIdehsemd a1t k&S dcdi B%lﬁr%ﬁu@?ei%‘l ﬂ%%c?ﬁjrar hedng o

Accordingly, it is theoretically possible to apply the same purification
procedur 3@ MhPR%adt | 6 RIRRRY s IR BRI Y SEHORERF Sheni cal
properties thereof. In addition, the target peptide thus obtained has a
very hi greorpuritutinse coreli hge ol ehespf EeBnEARNPENCPSA I NEGr CRERMBFe 2 t he
conponents of the reaction systemcan be surely controlled, 19 WO
02/ 05358 1 iRCTYJ POLE1 6682 ahictheralesstiitorpeysitiemel s nels teghiiagi na reshet i on
systemfree from termnation factors. OMng to this characteristic, the
present iwiMentdon enkbbes thd constesetirgnoof ipdliysdwe vdispiraysnts .
Thus, the reaction system can be established and, consequently,
the reaction efficiency can be largely elevated. In addition,
it becomes possible to quickly separate the target peptide from
these reaction constituents after synthesizing the peptide.
In the conventional cell-free systems, a peptide formed by the
reaction is purified by extraction. It is therefore needed to
- select an appropriate purification procedure in each case
depending on the physical and chemical propérties of the
reaction product. In the present invention, in contrast
" thereto, the components constituting the reaction system are
eliminated by using the adsorbent and the reaction product is
thus purified. Accordingly, it is theoretically possible to
apply the same purification procedure to any reaction products
regardless of the physical and chemical properties thereof. In
addition, the target peptide thus obtained has a very high
purity.

According to the present invention, furthermore, the

components of the reaction system can be surely controlled,
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of various types, thereby broadening the application range of the in vitro
peptide synthesis systens. More particularly speaking, ternary conpl exes

(pol ysonewd @plksags) conposed of peptide, RNA and ri bosonmgp@arpobeeebt ai ned
by expressing various DNAs or RNAs in the termnation factor-free in vitro
pepti de synthesis system according to the present invention. By

separating such a polysone display fromother conplexes with the use of
the peptide as a target, the target peptide and RNA can be obtained at the

same ti mg,, By, heeaki NYphbhReipheductstabh i shes FeRation 4 atar Sreberom
correspondi ng RNA can Be obtained. In this case, the peptide, which has

been cut %mejfr{m&rhe I RRIATE, O%ﬂglgR’\@bC(%rHi%Sp@HQEQgtEQiEEiéﬁn g easily

isolated by treating wth-termnation factors | abeled with one of a pair

St e BLBAA SO 0 A LI 1 TP St

DNA can roman 1solated polysome y using the RT-PCR

nmet hod, as. describ in Cu L nj j i, Ot I :534- 199
"y decp%fsfarﬁgus?%w' g&ﬂh R R i A i
n articular, it ist i call d h )

corr gs po nta%hgl? olvétlg gl @%%&gldt%grs t%f\ég‘[nﬁt ; e“%;%nsg’ea Ogﬁnﬁ >|?pl\zla‘p\rotgj{cal’llalna([é')fyA n

random expressj on. Al t hough senjrandom expressi on _of QNAS and in a
cel | -f rees%%%lfJéFﬁwWFWﬂ'eﬁgu%%“ SXET abiBi tYSTHe %%%%58"23%%%5 10682
reticulocyte kit is already known, conplijcated procedures. are needed in
this casePg®podg 0505830d Byt 8 CeBMY PERrAGeEHY eSRpEASATE WYt uti ng

t he
DNAsS or RNAs in the termination factor-free in vitro peptide

synthesis system according to the present invention. By
separating such a ’polysome display from other complexes with
the use of the peptide as a target, the target peptide and RNA
can be obtained at the same time. By treating the product with
termination factors, the corresponding RNA can be obtained. In
this case, the peptide, which has been cut off from the ribosome,
and RNA corresponding to it can be easily isolated by treating
with termination factors labeled with one of a pailr of the
substances adhering to each other. For example, a
corresponding DNA can be obtained from an isolated polysome
display by using the RT-PCR method, as described in Current
Opinion in Biotechnology 9:534-548 (1998). By decomposing
this polysome display with EDTA, an RNA can be obtained. In
particular, it is technically advantageous that an RNA or a DNA
corresponding to a selected target peptide can be easily
obtained in random expression. Although semirandom expression

of DNAs and RNAs in a cell-free system with the use of a rabbit
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reaction system it beconmes possible to synthesize a peptide having an
unnatural amno acid residue by the in vitro peptide synthesis system

Nanel y, aweaplossks2 havi ng an unnatural amno acid residue gamPIL10682

synt hesi zed by using the production process according to the present
invention as follows. A suppressor tRNA charged by an unnatural am no acid
residue and corresponding to a term nation codon differing fromthe
C-terminal termnation codon is added to the reaction system Then a DNA

or an RNA, which has he n.nnd'fieg%t@/ inserting.a_,termnation codon
correspoﬂ%‘?ﬁfﬁgqjoo?\%%e gﬁgprlés@ye? THY gomggélc itgﬁ PorCERE Fhéhrpor at i on
of an unnatural am no acid resi dﬁ/e ¢]§ transcri bed or translated to
t hereby diereed paptiiies 288 ng ¢%h Untatlur al amino acid residue
incorporated thereinto. Speaking in greater detail, the synthesis can be
carried out ad¥ UGS TEFRbHIYF e tFHIRRTRR T £ OTH R H HWEi% trslla"?si due,
one of term nation codons (UAA, UAG and UGA) such as UGA or UAG is
i nsert ed e o siapdsi CesMASt Bios StRé copensyebehyze fd KPP COGF) and
UAA is enployed for term nating the translation. Subsequently, a
suppr essdratRNA acannyetigrad anihecdoid resiGie and/he 1UAGL Eso fasmtadidy in
vitro transcription and charged by the unnatural am no acid. Then the
product i osyprioeess s yaedeor.di Ngmedyt e pprésert hanveqtironnhgtpeat emied by
using this 21 WD 02/053582 PCT/JP01/ 10682 RNA and suppressor tRNA as
descri bedh@abhdvrestiaduer aaslat eyhhBeBRNAcd PEhus ing t{geppirddubdvbngrndmeamnat ur al
am no acid residue site-specifically inserted therein can be synthesized.
according to the present invention as follows. A suppressor
tRNA charged by an unnatural amino acid residue and
corresponding to a termination codon differing from the
C-terminal termination codon is added to the reaction system.
Then a DNA or an RNA, which has been modified by inserting a
termination codon corresponding to the suppressor tRNA into a
position for the incorporation of an unnatural amino acid
residue, is transcribed or translated to thereby give a peptide
having the unnatural amino acid residue incorporated thereinto.
Speaking in greater detail, the synthesis can be carried out
as follows. To incorporate the unnatural amino acid residue,
one of termination codons (UAA, UAG and UGA) such as UGA or UAG
is inserted into a desired position within the open reading
frame (ORF) and UAA is employed for terminating the translation.
Subsequently, a suppressor tRNA carrying an anticodon.to UGA
and/or UAG is formed by in vitro transcription and charged by

the unnatural amino acid. Then the production process

according to the present invention is performed by using this
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Alternatively, the peptide can be synthesized by separately synthesizing
the corresponding DNA followed by transcription and translation. Use of a
reacti on @xsi@e83ssbt ai ned by elimnating term nation fact g/ fropmeshe
above-descri bed reaction system mekes it possible to obtain a pol ysone

di spl ay conposed of peptide, nRNA and ri bosone which carries one or nore
unnatural amno acid residues at desired position(s) . By treating this
pol ysonme display with term nation factors |abeled with one of a pair of

subst ances_adhering to each %\rher as_in the above  case, .th q@@ide,
whi ch ha?‘%@ﬂgcﬁﬂpgpotﬁssﬁ% &5 588%5?1’@,%1 ag?%’e[ }28 tlfﬁﬁ,&ls?@rtreegﬁ)%n itig to it
can be easily isolated. For exanple, a correspondi,ng DNA can be obtai ned
froma pdiisoned ASPHAR bPaydPdg e ﬁﬁ“—lﬁ%ﬁrﬁit l‘?(ﬁ[&”g]s Aed rirﬁé&qo% Curr ent
Opi nion in Biotechnol ogy 9:534-548 C£)1998) By deconposing this polysone
di spl ay ViiteEPRSificaklyl st bl E£hr bt aifht t e RNARIASSH S Tgl y, the
peptide derivatives produced by the process of the present invention
i nvol ve polltesorat sl ayshaker titattaal Lo epiitdes vad My FRPRt@ L Yami no
acid residues at desired positions. The process for producing a peptide or
a pepti desyrZhand D2 D33IEE ZoRCESPPOLLDO68YA Hetivaed ey dedarsdimid tien he
present invention can be perforned by using a batch systemin a
conventi arral treamerat i ernatively, it may be carried out by using various
al ready known or usual
Use of a reaction system obtained by eliminating
termination factors from the above-described reaction system
makes it possible to obtain a polysome display composed of
peptide, mRNA and ribosome which carries one or more unnatural
amino acid residues at desired position(s). By treating this
polysome display with termination factors labeled with one of
a pair of substances adhering to each others as in the above
case, the peptide, which has been cut off from the ribosome,
and the RNA corresponding to it can be easily isolated. For
example, a corresponding DNA can be obtained from a polysome
display by using the RT-PCR method as described in Current
Opinion in Biotechnology 9:534-548 (1998). By decomposing
this polysome display with EDTA, it is also possible to obtain
the RNA.
Accordingly, the peptide derivatives produced by the
process of the present invention involve polysome displays and
unnatural peptides having unnatural amino acid residues at

desired positions.

The process for producing a peptide or a peptide

22



met hods such as a fl ow nethod, wherein materials including the substrates
are continuously supplied or the reaction product is occasionally

wi t hdr awnwgor/o8zdk al ysi s net hod (see, for exanple, Jpanesetnabeides:
publication 110236/1995, Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic
acids and Enzynes) Vol .44, No.4, 598-605 (1999), Current Opinion in

Bi ot echnol ogy 9:534-548 (1998)). Next, the present invention will be
illustrated in greater detail by reference to the follow ng exanpl es.

Ho , At | d ' ' ' ggﬂaﬁﬁ d
berﬁ;e;es%ﬁ%ﬁ%ﬁ?%%§$%¥%Eg%%§£gggf%ggésgﬂg:%g%%p%gggé%?Vggh%es e cgi be
broduced DX <08 o BYEIRIQN ASCOnding.d & A pr pdHGLLon process fetple

pr esent es and unnatural péptides of "any
can be produced, That i.s to , use of the process .of. the resent
i nvent i ont mdlees Pt CpEELPH 811{5:333&%%%% VB Fe & THATEN k{}\BUPdg & iYest ed by

proteases originating in host cells such as dihydrofol ate.reductase
(DHFR), IMAdWAR SEEH gF matiley FRCRKApHEYE)e dhdagréeq i FRFLUTERT (ot ei ns
(GFPs), and peptides showi ng toxicity on host cells. The term "npatural
pept i des"sUzE 140 €2 /DE358R IPEHOIPIY F0682 1e8s Ohskle nerat it e die i des
conposed of 20 natural am no acids wused in genetic codes, while peptides
cont ai ni nigf obhers honal Ay Wadihds auhe éé]I%ddmﬁkh%%ﬁrﬁﬁtbéﬁtiH%%”.:§%ﬁeover,
ternary conpl exes (polysone displays)

example, Jpanese patent publication 110236/1995,

Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic acids and

Enzymes) Vol.44, No.4, 598-605 (1999), Current Opinion in

Biotechnology 9:534-548 (1998)).

Next, the present invention will be illustrated in
greater detail by reference to the following examples. waever,
it should be understood that the invention is not construed as
being restricted thereto.

(1) Peptides and peptide derivatives which can be produced
by the invention

According to the production process of the present
invention, natural peptides and unnatural peptides of any types
can be produced. That is to say, use of the process of the
present invention makes it possible to produce peptides which
would be digested by protéases originating in host cells such
as dihydrofolate reductase (DHFR), lysozyme (originating in
A-phage) and green fluorescent proteins (GFPs), and peptides

showing toxicity on host cells. The term “natural peptides”
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conposed of peptide, RNA and ribosone can be easily obtained by using a
termnation factor-free reaction systemin the production process of the

present iweoaniossss2 Exanpl es of unnatural peptides which carmhgpopicegiced by
t he process according to the present .invention include peptides having
nodi fied natural am no acids, nodified non-charged amno acids, nodified
acidic amno acids, nodified basic am no acids, non-a-am no acids, am no
acids with ~, ~-angl e displacenent, and am no acids having functional

groups Seai e%tsgg ﬁéroer?LrEPn a rsou%%‘%lcggglc%hggg gfof]b MO P'aﬂt nho acids
hydr oxyl am ne,” “qui none, ~a |% I C compounds, and cyclic and unsat ur at ed
hydr ocarbyl gro There_ have bﬁgn al es for

ups. eady kngwn proce .
synt hesi ZH§Rf ﬂﬁe‘égn%b?i%%e%w@& PR l%?%t“éi %ﬁﬁ%@f KR wi t h
the use of cell extr cLs (see, for%ﬁxaqgle JP-W Hei - 4-504651/ WO90/ 05785) .
As a part3citardex edf URPRSE Ihrdt Ry e Dept di es, DHFR having a
protected cysteine residue inserted into an appropriate posjtion, which
woul d not  occuMAEaVATur e, CHERRBE cFPERLCEGFt heP divaricon FeSade  of
pepti des having an unnatural am no acid_residue such as . ,
p- f | uor optRMRP W AR heer e SPHeAcaraRrsemsr CaRohd phehyl vl At Hered
incorporated into a desired position. It is 24 W 02/053582 PCT/JP01/ 10682
al ready Kmowasihat a3-tegtigmiseon af rahes Hase ngeefibsen 3 syghrat dial thdni no
acid residues incorporated as a substitute for phenylalanine at the
66- posi t immdhoni cufprecens ehzyne poaesdvi tin(dBibidmdustry 8: 749- 759
(991)). These unnat ural
Examples of unnatural peptides which can be produced by
the process according to the present invention include peptides
havingmodifiednatural amino acids, modified non-charged amino
acids, modified acidic amino acids, modified basic amino acids,
non-o-amino acids, amino acids with ¢, ¢~angle displacement, and
amino acids having functional groups selected from the group
consisting of nitro, amidine, hydroxylamine, quinone,
aliphatic compounds, and cyclic and unsaturated hydrocarbyl
groups. There have been already known processes for
synthesizing these peptides in cell-free protein synthesis
systems with the use of cell extracts (see, for example,
JP-W-Hei-4-504651/W090/05785). As a particular example of
these unnatural peptdies, DHFR having a protected cysteine
residue inserted into an appropriate position, which Would not
occur in nature, may be cited. Further citation may be made
of peptides having an unnatural amino acid residue such as

p-fluorophenylalanine, p-nitrophenylalanine or

homophenylalanine incorporated into a desired position. It is



pepti des can be easily produced by the process according to the present
invention too. (2) Ri bosone Ribosone is a particle where peptides are

synt hesi z@@ o2/05858Di nds t o MRNA and coor di nat es am noacyl! - tpyprh D1d6BE
A-position and fornyl net hionyl -t RNA or peptidyl-tRNA to the P-position,
thereby form ng a peptide bond (Science 289: 920-930 (2000)). In the
present invention, any ribosonme can be used regardless of the origin, so
long as it has the function as described above. Al though E. coli ribosone

is usually e oyed, use can pe nmade of eukar.yotic ribosaones too. Jt is
pref er abl%lr?n%hf h%nﬁr"@’se%@al%nvgﬁjf?%ﬁalf%s%séraélaéﬁsl ?’Fgéglgrre?h?%er exanpl e,
those obtained fromE. coli .Al9 strain_or NMREGOQ .strai Factors and
enzynes fli)nrn"ﬁ%racfélﬁb%lﬂ 6??8&%%141‘}%%§ng?88ra'?’gdbaeé &sggbigﬁlpﬁggi%l\sli tro
pepti de synt hesis system accordi to, the present inyvention (3-1

Uni i ati GPIHe Hh e ¢ it %ﬁef a@%bﬁ’%s%a% #actor 8% %Eﬁeﬁfe B¥diiial ly
required in the formation of an initiation congkex in_the rocess .of
pepti de sYAEHESTS SPlPerdtdbsiiny of ohbie/3Y. (PBY)) - 1F3PE5E 1B Known as
initiation factors originating in E. 25 WO 02/ 053582 PCT/JP01/10682 col

( Bi ocheniker i des 588108885 (1090 PRUCERP PSP EICERR 2T %at P gl Sof

ri bosone into 30S and 50S subunits (i.e., the step required for initiating
transl at irgsemd hineefsorheooi nsertion of t RNAs ot her than

fornyl methionyl-tRNA into the
(2} Ribosome

Ribosome is a particle where peptides are synthesized.
It binds to mRNA and coordinates aminoacyl-tRNA to the
A-position and formylmethionyl-tRNA or peptidyl-tRNA to the
P-position, thereby forming a peptide bond (Science 289:920-930
(2000)). In the present invention, any ribosome can be used
regardless of the origin, so long as it has the function as
described above. Although E. coli ribosome is usually employed,
use can be made of eukaryotic ribosomes too. It is preferable
in the present invention to use E. coli ribosome, for example,
those obtained from E. coli Al9 strain or MRE600 strain.
(3) Factors and enzymes for the transcription or translation
to be used in the in vitro peptide synthesis system according
to the present invention
(3-1) Initiation factors

Initiation factors means factors which are essentially
required in the formation of an initiation complex in the
process of peptide synthesis or remarkably promote it. IF1,

IF2 and IF3 are known as initiation factors originating in E.

25



P-position in the step of formng the initiation conplex. IF2 binds to
fornyl methionyl -t RNA and transfers the fornylnethionyl-tRNA to the

P- posi ti owoaf2038882 subunit, thereby formng the initiatiopcanpel/ess2 | F1
potentiates the functions of IF2 and IF3. In the present invention, it is
preferable to use E. coli-origin initiation factors, for exanple, those
obtained fromE. coli K12 strain. However, it is also possible to use
eukaryotic initiation factors. (3-2) Elongation factors An el ongation

factor BR:Ju i el asslfd ad) MO, hddhaso [1dbo) ) GTP 13ad (mJeResndF-Tu of
the GIP tcil%% bi (r?&s todlasren& og:y'l -t RNA and irans)f)ers It to tmhe A-posi tion of

i T s T
to EF-T t . _r.onot I it Al
L i

el ongation factor EF: notes _translocation followr ept..de bond
for mat i ort 14t e’ p?%(?é@\izg%foﬁé%lf i%téa%h%ﬂn%f%entg%ﬁnoy\# ?%Q‘al\ifufierﬁgtmr\t& ur al
Bi ol ogy 6:643-647 ((1999), FEM5 M_crobi ol Revi,ews 23:317-333 (1999)).
In the pregd@itiiRedts bR teF §>pr8?§}%%|§9¥&?1&§ AELOBFPIBI TG n WO
02/ 053582 PCT/JP01/10682 elongation factors, for exanple, those gqbtained
fromE. doinds K12tst raiﬁﬂrl%ﬂke&éﬁom’tl“l@% so Podsi blF€3P§LEEE eukdiotic

el ongation factors. (3-3) Termnation factaors .
formylmethionyl-tRNA to the P-position of 30S subunit, thereby

forming the initiation complex. IF1 potentiates the functions
of IF2 and IF3. In the present invention, it is preferable
to use E. coli-origin initiation factors, for example, those
obtained from E. coliKl2 strain. However, it is alsopossible
to use eukaryotic initiation factors.
(3-2) Elongation factors

An elongation factor EF-Tu is classified into 2 types,
i.e., GTP and GDP types. EF-Tu of the GTP type binds to
aminoacyl-tRNA and transfers it to the A-position of ribosome.
When EF-Tu is released from ribosome, GTP is hydrolyzed into
GDP (EMBO J. 17:7490-7497 (1998)). Another elongation factor
EF-Ts binds to EF~Tu of the GDP type and promotes the conversion
of it into the GTP type (Archives of Biochemistry and Biophysics
348:157-162 (1997)). Another elongation factor EF-G promotes
translocation following the peptide bond formation in the
process of peptide chain elongation (Nature Structural Biology
6:643~-647 (1999), FEMS Microbiology Reviews 23:317-333 (1999)).

In the present invention, it is preferable to use E. coli-origin
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Term nation factors are essentially required in termnating protein
synthesis, releasing the translated peptide chain and recycling ribosone
for the iwigdasssenm of the subsequent nMRNA translation. Wpe/goRi@sein is
synthesized in a termnation factor-free reaction system the reaction
stops before the term nation codon and thus a stable ternary conpl ex
(pol ysone di splay) conposed of ribosone, peptide and nRNA can be easily
formed. An unnatural amino acid is incorporated into a peptide chain by

ol et g Lol L or B Lrom e, SR R sishem Thaty 5 40 sy an

unnat ur al® iclency into thé UAG
codon in _case L of, elimnating RE1.or i.nto the&%gA odon. in .
el i nmi nat iIﬂ% Wl%eﬁoﬁ’etv i rat i.on dodo R THAR T U &Sw%ﬁ:?qocgccat ed at
the A-position of ribosone, termnation factors RF1 and RF2 enter the
A- posi t i o AHR PrFhota ¥ HeS di ssoci ation of the peptide chain from
peptidyl -t RNA at the P-position. RFlrecognizes UAA and UAG anong the
t er mi nat i G YodsHE i 1 RECtYcogni zes UAA  and UGA. Anot her termination
factor RF3 pronotes the dissociation of RF1 and RF2 fromribosone after
the dissoci ati diermenatienepfdd©chai aArdy REICRAICREY. REHYLERE redycling
factor 27 WD 02/053582 PCT/JP01/10682 (RRF) pronotes the dissociation of
t RNA r endignmignaitinde prRtsogi t sgnthesés t heepeaseénd syt hdsiansdmfache
recycling of ribosone for the subsequent protein synthesis. In the present
i nvent i omeRRKd shréheanddr¢ay @lsione 1 saentaattilon ihadtietgon of the

subsequent mRNA translation. When a protein is synthesized in

a termination factor-free reaction system, the reaction stops

before the termination codon and thus a stable ternary complex

(polysome display) composed of ribosome, peptide and mRNA can

be easily formed. An unnatural amino acid is incorporated into

a peptide chain by eliminating either RF1 or RF2 from the

reaction system. That is to say, an unnatural amino acid 1is

incorporated at a high efficiency into the UAG codon in case

of eliminating RF1 or into the UGA codon in case of eliminating

RF2.

When a termination codon (UAA, UAG or UGA) is located at

the A-position of ribosome, termination factors RFl and RF2

enter the A-position and promote the dissociation of the peptide

chain from peptidyl-tRNA at the P-position. RF1 recognizes UAA

and UAG among the termination codons, while RF2 recognizes UAA

and UGA. Another termination factor RF3 promotes the

dissociation of RF1 and RF2 from ribosome after the dissociation

of the peptide chain by RF1 and REF2. Ribosome recycling factor
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The functions of these termnation factors RFl, RF2, RF3 and RRF are
described in EMBO J. 16:4126-4133 (1997) and EMBO J. 16:4134-4141 (1997).
In the preseiostgyention, it is preferable to use E. col ipcanjpgi/fves2

term nation factors, for exanple, those obtained fromE. coli KK12 strain.
However, it is also possible to use eukaryotic termnation factors. (3-4)
Am noacyl -t RNA synt het ase Am noacyl -t RNA synt hetase is an enzyne by which
an amino acid is covalently bonded to tRNA in the presence of ATP to

t hereby s esjze ani no | -t R . 3. 954- 1 ..+ Tanpak {tsu,
Kakusan, &gé@ (BF%?%?%?, uecl%:lL%?\%f(g:f%@(g%d%%Egcg&rées?g%%%nﬁ%?S-%zz 1994)).
In the present..inventj i S 1}[:referabl e to use col i

on, It | . - O,

ani noacy| 2 TRNA S Het ek, FRT ot Qa1 &Y IR oht Al hed S rroen?%ll%{oqnioﬁ(m
strain. However, it |s also possible to . use eukaryotic _apm noacyl -t RNA
synt het ages0 LS FoNE AP GHITS TRt PRSFOP NGV RS R For iyt METHTGHTSE" (f Met)
carrying a fornyl group  attached to the am no_group. at, the nq_cof
met hi oni FETERAEN AR RY Hes iGR 4GRSO Cafitn8REcP F R AL BT okt ﬁeﬂcf Ot ot ei n
synthesis system This fornyl group is attached to_the nethionine in 28
WO 02/ 053882 e Iimyuy 10640 SretiadinatirRA B tREENRBAY | RERNAETS and
transfornylase (MIF). Nanely, nethionyl-tRNA transfornylase transfers the
fornyl QqRAUETH ANECHidreg |iretMERy dr-of 61: 4L 6041 38hé1 ROTY er G UMRF J-
met hi onyl -t RNA corresponding to the initiation codon, thereby

16:4134-4141 (1997). In the present invention, it 1is

preferable to use E. coli-origin termination factors, for
example, those obtained from E. coli K12 strain. However, it
is also possible to use eukaryotic termination factors.
(3-4) Aminocacyl-tRNA synthetase

Aminoacyl-tRNA synthetase is an enzyme by which an amino
acid is covalently bonded to tRNA in the presence of ATP to
thereby synthesize aminoacyl-tRNA (RNA 3:954-960 (1997),
Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic Acids and
Enzymes) 39: 1215-1225 (1994)). In the present invention, it
is preferable to use E. coli-origin aminoacyl-tRNA synthetase,
for example, one obtained from E. coli Kl2 strain. However,
it 1is also possible to use eukaryotic aminoacyl-tRNA
synthetases.
(3-5) Methionyl-tRNA transformylase

N-Formylmethionine (fMet) carrying a formyl group
attached to the amino group at the end of methionine serves as
the initiation amino acid in a prokaryotic protein synthesis

system. This formyl group is attached to the methionine in
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giving fornylmethionyl -t RNA (Proc. Natl. Acad. Sci. USA 96:875-880
(1999)). The fornyl group thus attached is recognized by IF2 and thus acts
as an i niwoagloessssi gnal for protein synthesis. Al though MO/ @gs68Ht occur
in the synthesis systemin eukaryotic cytoplasm it is present in the
synthesis systens in eukaryotic mtochondria and chloroplast. In the
present invention, it is preferable to use E. coli-origin nethionyl-tRNA
transfornyl ase, for exanple, one obtained from E. coli K12 strain. (3-6)

RNA pol yner.ase | 1%]@0 t hat , RNA pol ase, i i enzye
transcri ﬁentg laortéhA seque\rll\@\\é [ negﬁér?n&%&égg%‘cuftsrawr%f&gp 05%% or(gani sne. As
an exanple thereof, citatio y . be de of T7RNA | yner.ase ori gj;nati ng
in T7 ph %]VH’Chm?Ehéﬂn%%zglﬁlgRbFﬁapggor?gi3S§pJeCE:ﬂa gge%mtglgqufgoﬁc Lalled
T7 pronoter and.then,, transcribing the _downstream eguence i ntqg. an RNA
The pr e<HiRUR nvént Brs Qtrf“é(g «?%r %é’fifféféog&t?het‘ﬂl- {ngg USSHFERP s OT7RNA
pol ymerase and expressed it as a fused protein_.in_a |lar anmount .in E.

Bol 1 BL2 Mt iy T THANS &P ORIHEA P e aRFeeLion B ORRCt- 5y S5 i ni ty
chromat ography with the use of = a _nickel colum. The Hi s-tagged T7RNA

pol yner asel ¥ Hig dsrainas theng 3X8s3580pcT/NFPg1/ 16683 - i 3C4a: ndlAdt one.
In addition to T7RNA pol ynerase, various RNA pol ynerases are usable in the
present | Meht3oh80 Foil %anpl e, Theonfiereral |9r @i [thbse TR yirfer ase

and SP6RNA pol ynerase can be used.
recognized by IF2 and thus acts as an initiation signal for

protein synthesis. AlthoughMTF does not occur in the synthesis
system in eukaryotic cytoplasm, it is present in the synthesis
systems in eukaryotic mitochondria and chloroplast. In the
present invention, it is preferable to use E. coli-origin
methionyl-tRNA transformylase, for example, one obtained from
E. coli Kl2 strain.
(3-6) RNA polymerase

It is known that RNA polymerase, which is an enzyme
transcribing a DNA sequence into an RNA, occurs in various
organisms. Z&sanexamplethereof,citatignn@ykxamadeofTWRNA
polymerase originating in T7 phage which is an enzyme binding
to a specific DNA sequence called T7 promoter and then
transcribing the downstream DNA sequence into an RNA. The
present inventors attached His-tag to the N-terminus of this
T7RNA polymerase and expressed it as a fused protein in a large
amount in E. coli BL21 strain. Then, they purified the
expression product by affinity chromatography with the use of

anickel column. The His-tagged T7RNA polymerase thus obtained

29



(3-7) Amnoacyl -tRNA attached to unnatural amno acid By incorporating
am no acid residues, other than 20 am no acids constituting natural

pr ot ei ns, wig2@spegpt eins, it is possible to inprove the fyratjranssnher ent
to the proteins or to inpart new useful functions or characteristics to
the proteins. .Am noacyl-tRNA attached to an unnatural am no acid can be
produced by synthesizing a 3'-term nal CA-deficient suppressor tRNA via in
vitro transcription and ligating it to chemcally synthesized

am noacyl - i ng _the-unnat.ur. ' cl i YW

EBaiosaiéﬁggpﬁggﬁédggﬁfor?ﬁli |%é§#%§%gbgggﬁ1%gﬁg¥?§§é§g:€%¥%éﬁ%%§g§)). (4)
nzynes required in the co Ltuti f the ti th th

factors di Gy For ERE e e e o o O ReP R oR E e T t e

invitro epti de synt hesi.s_ sys ccarding to the nt .- ti

(4- 1) EnA e T T e dotig. neVBT NI F6 8 She Syt B o of

the enzynes of this type include creatine kinase, nyokinase and nucl eosi de

di phosphdta® Kiha&&EINDK).  Creatine kinase, which is also called creatine

phosphoki nase (CPK) , catalyzes transfer of phosphate group fromATP to
creatin. (30 WA OB BET IPRIAITESL WGKI Hase SR IR5S! al so cal | ed
adenyl ate kinase, participates in the regeneration of ATP from ADP and the
si mul t aneous  fEot MREPBEROGALAND. 2INDK 888l 3efEilupHhesphatd gy S8 PR Tkhst er

bet ween nucl eosi de di phosphat e and nucl eosi de "tri phosphate.
acids constituting natural proteins, into proteins, it 1is

possible to improve the functions inherent to the proteins or
to impart new useful functions or characteristics to the
proteins. Aminoacyl-tRNA attached to an unnatural amino acid
can be produced by synthesizing a 3’-terminal CA-deficient
suppressor tRNA via in vitro transcription and ligating it to
chemically synthesized aminocacyl-pCpA having the unnatural
amino acid by using RNA ligase (Baiosaiensu to Indasutori

(Bioscience and Industry) 47:16-24 (1989)).

(4) Enzymes required in the constitution of the reaction
system other than the factors and enzymes for the
transcription or translation to be used in the in vitro
peptide synthesis system according to the present
invention

(4~1) Enzymes for regenerating energy in the reaction system
Examples of the enzymes of this type include creatine

kinase, myokinase and nucleoside diphosphate kinase (NDK).

Creatine kinase, which is also called creatine phosphokinase

(CPK), catalyzes transfer of phosphate group fromATP to creatin.

30



In the present invention, it is preferable to use these enzynes

originating in E. coli, for exanple, those obtained fronlE coli K12
strain. HowEWRksssht 1S al so possible to use eukaryotic 11d68z 2)
Enzymes for hydrolyzing inorganic pyrophosphoric acid forne during the
transcription or translation reaction As an exanple of the enzynes of this
type, inorganic pyrophosphatase nay be cited. In the present invention, it
is preferable to use E. coIi-origin enzynes, for exanple, those obtained

fromE. i, K12 str it i.s als ossi. bl e se otic
enzymes. $3 bBieh foenes brilng Oi%\f%i%? E&gésm%ag%ﬂe%ﬂc@. &l in the
above (3), and (4), gproteln co gnents are resae%lln a, I e anpunt in
E. coli (fbrtRRamso&neradmmdy ¢ aéﬁFPhB? Ean heBE?f‘ %ﬂ?ﬁuﬁn t he
formof fused proteins (for exanple Hi s-tagged proteins) |abeled at the
N- or C termaausomiah AfR. ofN@Kpéﬁtaéﬁzﬁﬁevsg®@$@m%%% Foher i igpnoferach
other as will be described in greater detail hereinafter. Then these

prot ei ns hefikeex freskees e pipresrpby i el ees kel tebrharPtdihect ed to
an adsorbent containing the other 31 WO 02/053582 PCT/JP01/10682
subst ancels bk psefant iprotrei kol qli s enedieaeddreaphy(FPhEF etk ydren
supplied to the reaction system In addition to E. coli, it is possible to
express tdeseipriotred nsn imH. avibl et lescampdast $hosBaobkbhusedubtohni sEor t he
like. Alternatively, it is possible to produce these proteins by using an
in vitro pept Kde syrdhesi Jowever, it is also possible to use eukaryotic
enzymes.
(4-2) Enzymes for hydrolyzing inorganic pyrophosphoric acid
formed during the transcription or translation reaction
As an example of the enzymes of this type, inorganic
pyrophosphatase may be cited. In the present invention, it is
preferable to use E. coli-origin enzymes, for example, those

obtained from E. coliKl2 strain. However, it is also possible

to use eukaryotic enzymes.

Among the constituents of the reaction system as
described in the above (3) and (4), protein components are
expressed 1in a large amount 1in E. coli (for example,
commercially available E. coli BL21 strain) in the form of fused
proteins (for example, His-tagged proteins) labeled at the N-
or C-terminus with one of a pair of the substances adhering to
each other as will be described in greater detail hereinafter.
Then these proteins thus expressed are purified by using a

nickel column connected to an adsorbent containing the other
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system ( 5 ) Label and adsorbent, i . e . , a pair of substances adhering
to each other In the present invention, all or a part of the protein

conmponent wwoc@nsissb ut i ng the reacti on system as descri bed ipetiper1@bove (3)
and (4) are labeled with one of a pair of substances adhering to each
other and the thus | abel ed protein conponents are captured by using the
ot her substance as an adsorbent to thereby isolate the target peptide
formed in the reaction system As typical exanples of a pair of the

b
i1 Ly St o ”%Pa%h S Gar e G R TR R ol D BREE i

Wever tances
adhering to each a usable in the, prese ntion
restriction Q&Uﬁ?ﬁﬁ%{l&? ReEtRas (?fhtsé(;s&@{‘ﬁ ng&lrﬁ&}a/ﬁe(f tR(? )('quh ?Tglt’ography,
so | ong as t hese substances can used n, capturing the_protein
conponentst 1BrRREF HRI@xXer BXRRGET gﬁ@ c%?o%efjfré%ﬂg %I?Jaf‘%s,lpgéllﬁlsc YA
interactions with certain substances. Adsorption chromatography which is
carried o@ﬁchﬂllﬂﬂ%k?%tiah%mraééeo*l%%chAlst?l\mt(}ﬁed%SS’E PEWIFON 19682  a
specific interaction (affinity) between a protein and a certain substance
(1igand) §speadies Bli¢sainte tehinsnay ogiaphyl I nExhbpP 8sPsfdsg LBHEIS™LS on of
subst ances adhering specifically to each other include a protein or a
peptide fsvgemt with a netal ion or a chelate conpound, an antigen with
an anti body, a cytokine or a hornmone with a receptor, and an enzynme with a

(5) Label and adsorbent, i.e., a palr of substances adhering

to each other

In the present invention, all or a part of the protein
components constituting the reaction system as described in the
above (3) and (4) are labeled with one of a pair of substances
adhering to each other and the thus labeled protein components
are captured by using the other substance as an adsorbent to
thereby isolate the target peptide formed in the reaction system.
As typical examples of a pair of the substances adhering to each
other, substances mutually interacting in affinity
chromatography can be cited. However, any pair of substances
adhering to each other are usable in the present invention
without restriction to substances mutually interacting in
affinity chromatography, so long as these substances canbe used
in capturing the protein components.

Proteins exert physiological effects via specific mutual
interactions with certain substances. Adsorption

chromatography which is carried out by taking advantage of such
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substrate or an inhibitor. Furthernore, specific amno acids, DNAs, dyes,
vitamns, lectins and the |like nmutually bind to proteins having affinities
t her ef or weppasisgsyel y. One of the substances of such a comgmgbi/aesis fixed
as aligand to a carrier or a support to forman adsorbent. Then

materials |abeled with the other substance (the protein conponents
constituting the reaction systemin the case of the present invention) are
passed t herethrough. Thus, the Iabel speci fically binds to the |igand.

ATTINIty chiomal pgranh xer%%% don cifd G, dLndL ng. 28 heencamonl y
enpl oyed As Teans of puri |ng pro ar1 ous ca rrers have been

ket ed nb f f, t h kes. thi
avai | abl € é/w”“ﬁu%ft%gnc@zﬁéﬁép Eﬂév?ﬁ ik sl %r% for

exanple, use is m i natjion of an anti.gen. determ.n (a
epi t ope) HERHG % © @ﬁoﬁﬂﬁgwﬁ tore %\nsflll?%ﬁngﬁtsl ngﬁréﬁgcﬁ?% joceilﬁey
epi tope. There have been narketed vari ous COTTbIP (Igl ops of vectars and
adsor bent's® fQﬂ’dbéDrtrrﬁrng”kﬁ}tuqehlaspﬁ@§ﬁ§n Ph & PFRFLIP et 2 TRHHdi"elt f the
present invention, use is made of a 33 WD 02/053582 PCT/JP01/ 10682
conbi nat iRFEDE It PTsabshahats YRR Bty Ao &L Bt Hé PR P L enpl oyed
in affinity chromatography. In preparing the |abeled protein conponents to
be used in aWelgmesant & hosprhenyithe Tedstas @96k ar PRZYAR 'Put 13 cati on.
It is also possible to |abel the protein conponents with a plural nunber
of | abel ssulasttdiee samentinfe biteithi Fucsbermpre) ssyrosishist emihatadiss 1 abel
DNAs, dyes, vitamins, lectins and the like mutually bind to
proteins having affinities therefor respectively.
One of the substances of such a combination is fixed as
a ligand to a carrier or a support to form an adsorbent. Then
materials labeled with the other substance (the protein
components constituting the reaction system in the case of the
present invention) are passed therethrough. Thus, the label
specifically binds to the ligand. Affinity chromatography
based on this specific binding has been commonly employed as
a means of purifying proteins. Various carriers have been
marketed by a number of manufacturers, which makes this means
highly available. In purifying a protein wusing an
antigen-antibody reaction, for example, use 1is made of a
combination of an antigen determinant (an epitope) having a
known structure with an antibody specific to the epitope. There
have been marketed various combinations of vectors and

adsorbents for carrying out this means. In a preferred

embodiment of the present invention, use is made of a
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usable for the purification in the production process is cut off while
other | abels are used for the separation of the target product formed in

the in Vinjozr?Bfgskde synthesis system Now, embodinments ofpdhgpiRgENt
i nvention wl illustrated by citing sonme exanples of the conbination

of the substances adhering to each other. However, it is to be understood
that the present invention is not construed as being restricted these
exanples. (5-1) Process with the use of binding of protein or pepti de
fragnent to netal. ion or chel ate corrpoun A . H's t al | ex
such as rﬁoé‘@inaéﬂr% & S SEPE LALGRBI @gspfbﬁﬁg %Ee%a(ép p?tgg 4 é”g”t gppuri fy
a protein by using the binding of Hs tag to a netal conplex suqcp_ﬁas a

ni ckel coHHS e@é“pjo‘i’y%dchanEféBﬁﬁVthrﬂﬁ‘ﬁ&Wraﬁpé’ ta&rﬁ PTAEHRE

to be expressed to give a fused protein havin s tag. Then thjis fused
protein ilpRARAPEataAd FRIFP IR HYFOURE P& é@lgﬁhﬁnpﬁax‘??ﬁa inyeHtiStanpl e, a
ni ckel conplex, cobalt conplex, a copper conplex 34 WO 02/053582

PCT/ JPO1/to6820bedr i msmfuéomplfe&e PrHe ;G ot el éanabeo @ARTP T om the
colum with an eluent containing i mdazole (see, for exanple,

Tanpakushid dab&ilkkba tNob e {Prastrgiom epgze il frbnd tNotre)l (llu)ﬂlpe@nOﬁrilc&b%lf& er
p. 139, Chap. 5: 1. His-Tag Tanpakusthitu no Hatugen to Seisei (Expression
and Puri fdtcathicosank timeTaglProdtiei npse, Yabuid tosus sdaid dWakaic, tipeblalshled by
Yodosha; J. A Bornhorst and J. J. Falke, Purification of Proteins Using
Pol yhi stighdigle for the purification in the production process is cut

off while other labels are used for the separation of the target

product formed in the in vitro peptide synthesis éystem.

Now, embodiments of the present invention will be
illustrated by citing some examples of the combination of the
substances adhering to each other. However, it 1is to be
understood that the present invention is not construed as being
restricted these examples.

(5-1) Process with the use of binding of protein or peptide
fragment to metal ion or chelate compound
A. His tag with metal complex such as nickel complex or cobalt
complex

It has been a practice to purify a protein by using the
binding of His tag to a metal complex such as a nickel complex
or a cobalt complex. Namely, His tag is attached to a DNA to
be expressed to give a‘fdsed]protein.having'His tag. Then this
fusedprotemnisCapturedandpurifiedbyusingacmlumnhaving,

for example, a nickel complex, cobalt complex, a copper complex
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Affinity Tags. Methods in Enzynol ogy 326: 245- 254, (2000); Proteins

41: 144-53 (2000), FEMS Mcrobiol. Lett. 188:147-51 (2000); and J.

Bact eri ol wol@@2s3#%304-9 (2000)). These conbinations are ugadadmoi/foekhe
present invention. To express genes encodi ng Hi s-tagged protein conponents,
it is known to use, for exanple, E. coli (MWVan Dyke, MSirito, and

M Sawadogo, Gene 111:95, 1992), Saccharonyces cerevisiae (D.C Kaslow and
J. Shil oach, Bi o/ Technol ogy 12:494, 1994), nmanmmalian cells (R Janknecht and

A. Nor dhei Gene 121:32 1 %ﬂ nd bacul ovi rus-.i nf d,i t..cells
(A Kuust ioh, & REA VO R T8 Ccol Sl off1C a1 bl Tihens B G Bt 953: 720,
1995). Thes ceIL%:na bﬁ oghionggly used, in che_1h Q%sent invqgti n. The
fol | owi ng pHETHIL Gl AT Yo Bhones BpY BKARpIE o 5E6cE85 Grke
purification of Hi s-t.agged protein conponent by using H s tag and a
i ckel - ool TR ST 65 e HEEeRP Ko B P PR RPaE) ofE) 0Pttt
process and an appropriate one_ may be selected therefrom_ 35 WO 02/ 053582
PCT/ JP01/a0682 P L3N tdRAP a Hi & t &g 5cIRSi JEPRGKYFTELERSIP LR HEERR tP t he
N-term nus of a target protein by a genetic engineenin% t echni que to
t her eby gisksal f USERrEEeiern. and DFsEdFl cedlios expr H35iAgat herakRygeld protein
by sonication on ice and suspend the disrupted cells in loading buffer
(300 v NEEGhumBos i MaRodr pebBighed 18 Yodashif ude A-hBotsehprbysane
(30, 000g, 4C, 30 mn)
J. J. Falke, Purification of Proteins Using Polyhistidine
Affinity Tags. Methods in Enzymology 326:245-254, (2000);
Proteins 41:144-53 (2000). FEMS Microbiol. Lett. 188:147-51
(2000); and J. Bacteriol. 182: 4304-9 (2000)). These
combinations are usable in the present invention.
To express genes encoding His-tagged protein components,
it is known to use, for example, E. coli (M.W.Van Dyke, M.Sirito,
and M.Sawadogo, Gene 111:95, 1992), Saccharomyces cerevisiae
(D.C.Kaslow and J.Shilocach, Bio/Technology 12:494, 1994),
mammalian cells (R.Janknecht and A.Nordheim, Gene 121:321,
1992), and baculovirus-infected insect cells (A.Kuusinen,
M.Arvola, C.QOker-Blom, and K.Keinanen, Bur. J. Biochem. 233:720,
1995). These cells may be optionally used in the present
invention.
The following protocol roughly shows an example of the
process of the purification of a His~-tagged protein component
by using His tag and a nickel column. There have been known

a number of variations of this process and an appropriate one

may be selected therefrom.
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4. Add 50% Nit+-NTA slurry (Q agen) pre-equilibrated in ice-cold |oading
buffer to the supernatant. Stir at 4Cfor 1 hr. 5. Load the resin onto a
col um. WaghypaioRsssgol umm with 20 col um vol unes of | oadi ngpdaufpheioset 4C. 6.
Wash the colum with 20 col um vol unes of | oading buffer (containing 10 nM
i mdazole, pH 8.0) at 4C. 7. Elute the target protein with a 20 col um

vol umes of | oading buffer under an im dazol e concentration gradient of 10
to 250 MM in the loading buffer. Collect 1 m fractions and identify the

target protein by iy, 8 té(ﬁ{)%é%%?%#{h&‘ﬁ&f‘ PheRYLBLILNEs 0% A d PAO) I

this process, protein co a target protern w

t hi or edox{. n,_ i n e . PA i xe 0s Thi oBondTM
resin, | ﬁ/ﬁ%%&{en gﬁ%?a i ?%%g’r &ag?g%%&rgf 9i n%i %Sn%?it%hi%}%lﬁioexélrnﬁ%gg PAO
fol |l oned tl:o ﬁl ution V\AHQ rEég-msr‘(rzapto t hanol é 3-ME) (A Alejo, R J.

Yanez, J. rﬁo%ﬁ?g%%z, SEPY fiet &© 1?1%16(1‘]\/lplf_. Sdlas, African Swine Fever
Virus 36 WO O 53582 PCT/JP01/10682 t.rans-Prenyltransferase, The_ Journal
of Bi ol ogi cal %’%ﬁ%ﬁ?@t 2:-;32}1594@%%,1@99;5? Tﬁ?ggﬁaoc%g%ts?jsn al%s% usabl e
in the present jnvention. The follow ng protocol rou shows an exanpl e
of the pPORESIEDID PR Hiff iFITAUHEGE R PPIPEPREBH aé?Lé thi P otess. 1.

Dilute overnight culture of transforned cells (E. coli/ vector pTrxFus,
| nvi t r ogep) £28 f@AP imM RMGiodi WM NeEPO0s, pH 8.0)

3. Centrifuge the cell lysate (30,000g, 4°C, 30 min).

4, Add 50% Ni®'-NTA slurry (Qiagen) pre-equilibrated in
ice-cold loading buffer to the supernatant. Stir at 4°C for
1 hr.

5. Load the resin onto a column. Wash the column with
20 column volumes of loading buffer at 4°C.

6. Wash the column with 20 column volumes of loading buffer
(containing 10 mM imidazole, pH 8.0) at 4°C.

7. Elute the target protein with a 20 column volumes of
loading buffer under an imidazole concentration gradient of 10
to 250 mM in the loading buffer. Collect 1 ml fractions and
identify the target protein by SDS-PAGE.

B. Thioredoxin with phenylarsine oxide (PAO)

In this process, a fused protein composed of a target
protein with thioredoxin is formed and adsorbed by a PAO-fixed
agarose gel (ThioBond™ resin, Invitrogen) by taking advantage
of binding of thioredoxin to PAO followed by elution with

B-mercaptoethanol (B-ME) (A.Alejo, R. J. Yanez, J. M. Rodriguez,

E. Vinuela, and M. L. Salas, African Swine Fever Virus



Na9HPO4Ar 0.3 % KH2PO41 0.05 % NaCl, 0.1 % NH4O, 2 % casam no acids,
0.0095 % M ,? ) containing 100 g/m (final concentration) of anpicillin
and i ncubgton2ak3ss®C. 2. After incubating to A550=0.5, add pkG®pgi/idesit he
final concentration) of tryptophan to induce the expression of the fused
protein. Then continue the incubation at 34C for additional 2 hr. 3.
Harvest the cells by centrifugation. Suspend the cell pellet in 5 m of
running buffer [100 nM Tris-HO (pH 7), 150 mM NaC, 1 mM EDTA, 1 nmV
(3-merca F: . j pto.t lLls by i ' : rifuge
t he cell pésrﬁag%%?s}?éc)rlr?l ](E%i}g%%égjfgél%’ r%hn%] %g}ll %ﬁa% o] ?e%?%%ﬁé%%ghneg%lasw 5.

| ncubat e S t w 2 of ThioBondTr4 _resi t. 4C f 60 mn
to bond f%gffu%£g§€§% einT%%ﬁfaiEE%anpfﬁ%egguggrﬁégéngsﬁglfhgnrggf%. 6.
Pack a colum with the slurry and wash with 30 colum vol unes of running
buf fer - [ BICTRETri82HEHUpH 7) , 150 MM NaCl, 37 WD 02/ 053582

PCT/JP01/ 10682 1 nM_EDTA, 20 nM (3-nercaptoethanol]. 7. Elute t ar get
protein with tH&S & Jﬁﬁ¥§€pt&ﬁﬁérroggggyn§ g4pt %t%%ﬂ%?ﬂﬁﬁﬁéﬂgﬁi. (5-2)
Process with the use of binding of antigen or antigen fragnment (epitope
tag) to &EQBITY OA t@-ﬂ%%%ﬁb@ﬁo%@l”&ﬁﬂ%%ﬂ&l%ﬁ@&mg R%’@F—@ag

T7-Tag nmeans a sequence consisting of 11 am no acids of
1. Dilute overnight culture of transformed cells (E.

o

coli/ vector pTrxFus, Invitrogen) 20-fold in RM medium (0.6
Na-.HPO,, 0.3 % KH.PO,, 0.05 % NaCl, 0.1 % NH,Cl, 2 % casamino
acids, 0.0095 & MgCl, ) containing 100 pg/ml (final
concentration) of ampicillin and incubate at 30°C.

2. After incubating to RAss,=0.5, add 100 pg/ml (the final
concentration) of tryptophan to induce the expression of the
fused protein. Then continue the incubation at 34°C for
additional 2 hr.

3.Harvestijmaceilskn/centrifugation. Suspend the cell
pellet in 5 ml of running buffer [100 mM Tris-HC1l (pH 7), 150
wM NaCl, 1 mM EDTA, 1 mM B-mercaptoethanocl]. Then disrupt the
cells by sonication.

4. Centrifuge the cell suspension (10,000g, 15 min) and
collect the supernatant.

5. Incubate the supernatant with 2 ml of ThioBond™ resin
at 4°C for 60 min to bond the fused protein contained in the
supernatant to the resin.

6. Pack a column with the slurry and wash with 30 column

volumes of running buffer {100 mM Tris-HCL (pH 7), 150 mM NaCl,
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gene 10 originating in phage T7. A conbination of T7-tag with an anti body
against it is enployed in a neans of purifying protein. Nanely, this
process caigpilosssszattaching a DNA sequence encodi ng T7-t ggti@opr@ene, then
expressing the target protein, and capturing and purifying the T7-tagged
fused protein thus obtained by using a nonoclonal antibody specific to
T7-tag as an adsorbent. As an exanple of the adsorbent, T7-Tag Anti body
Agarose is marketed (Novagen) . Citric acid is wused as an eluent. This

conbi nat i Or}uiﬁ Sﬁﬁiﬂosra |Hpel1c %tcperﬁf% i nvention. See R Deora, T.

Tseng, and ter nati ve anscri ption Factor aSBof

G abal | Fegul at 0Ty LRUS Lar OSGULRAT SOt ALt 67 ol'Bgy 7 6L 6555 4558, 1007,

The fol |l ow ng proto oI rou y shows an exanple of the process of the
purificat |a05:5 it e r}L;o aéf onponent. There have been knovvn a

nunber of v |ons of ocess nd appropri.ate one

sel ect ed &Ehge roth <33 %%2718% fﬁ%ﬁgld%fo DO oW 3 lsqf or ned
cells E colllvector Novage in 2xYT m(l. 6 %Bacto Trypton, 1
% yeast extract ra@“&?m ‘l\s‘é‘él ?a)g gl%@'g‘ér) taining 20 g/m of

chl or anpheni col and 30 g/m of kanamycin. 2. After |ncuP%:|ng to A600=0. 6,
add | PTGA o T hdie 3Hé mwjéé%qjona%tfl}?q{%‘/ tsé?‘egce’tfjﬁ ot®i' " ffen continue the

incubation for additional 2 hr. o _ .
T7-Tag means a sequence consisting of 11 amino acids of

gene 10 originating in phage T7. A combination of T7-tag with
an antibody against it is employed in a means of purifying
protein. Namely, this process comprises attaching a DNA
sequence encoding T7-tag to a gene, then expressing the target
protein, and capturing and purifying the T7-tagged fused
protein thus obtained by using a monoclonal antibody specific
to T7-tag as an adsorbent. As an example of the adsorbent,
T7-Tag Antibody Agarose 1s marketed (Novagen). Citric acid is
used as an eluent. This combination is also usable in the
present invention. See R. Deora, T. Tseng, and T. K. Misra,
Alternative Transcription Factor o ®B of Staphylococcus aureus:
Characterization and Role in Transcription of the Global
Regulatory Locus sar. Journal of Bacteriology 179:6355-6359,
1997.

The following protocol roughly shows an example of the
process of the purification of a T7-tagged protein component.
There have been known a number of variations of this process

and an appropriate one may be selected therefrom.
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3. Harvest the cells by centrifugation. Suspend the cell pellet in 10 m
ice-cold T7-Tag bi nd/wash buffer (4.29 MM Na2HPOQ4, 1.47 mM KH2ZPO4, 2.7 mM
KCLl, 137 wid dassss21l % Tween-20, 0.02 % sodi um azi de (pH 2@ dror/foesd Srupt
the cells by sonication on ice until the suspension shows no viscosity any
nore. 5. Centrifuge (39, 000g, 20 mn) to elimnate cell debris. Filter
the supernatant through a 0.45 mfilter nmenbrane. 6. Apply the cell
extract into a T7-Tag Anti body Agarose colum (Novagen) pre-equilibrated

with T7-Tag bi nd/ wash huffer Wash the colum.with. the bufferyto
el i mnate nonglpe e ﬁi}lmﬁe&t & %’S. Cgﬂl\gvﬁtcgotrhgﬁggg%%‘fa%‘? tein
wth elutio %ffer.o. M. gitri id HZ_‘].Z)&. B, Process of wsjng
bi ndi ng of" %f{ E@ﬁjﬁﬂl&]ejltla& Y] %%?g?rggrﬁf%é&%’nt' CFYRBSENET E%ﬁ'M i gma) FLAG
peptide tagTM (Si gma, and so on)ﬁ ., Which is a_ peptide consisting of 8
am no aci¥E;li §-dsediUrqsin)i F9PRg.prBeeithegdsl ochdrparphs5890L and
PCT/ JP01/ 10682 a so-called epitope tag together with an anti body agai nst
it. Nanel§ M1y crlei iy @bt he FLAG peptide tag at the Netermnus is
constructed and captured by a FLAG anti body colum. FLAG peptide is used
in elution. Se& .PALrendodrioadiagdtyd. AGy= Gdhrriasion IPEGpEessidipce the
Purification, and Regul ation of Two Isofornms of the Inositol .
1, 4, 5- Tr i sphosphire o3- Kie &8s geThero Qo nalThen Bl vijie dheGiematip72:
30447-30454, 1997.
for additional 2 hr.
3. Harvest the cells by centrifugation. Suspend the cell
pellet in 10 ml ice-cold T7-Tag bind/wash buffer (4.29 mM
Na-HPO4, 1.47 mM KH;PO4, 2.7 mM KC1l, 137 mM NaCl, 1 % Tween-20,
0.02 % sodium azide (pH 7.3)).
4. Disrupt the cells by sonication on ice until the
suspension shows no viscosity any more.
5. Centrifuge (39,0009, 20 min) to eliminate cell debris.
Filter the supernatant through a 0.45 pm filter membrane.
6. Apply the cell extract into a T7-Tag Antibody Agarose
column (Novagen) pre-equilibrated with T7-Tag bind/wash buffer.
Wash the column with the same buffer to eliminate
nonspecifically bonded proteins.
~ 7. Elute the target protein with elution buffer (0.1 M
citric acid (pH 2.2)).
B. Process of using binding of FLAG peptide tag™ (Sigma) to
anti-FLAG antibody™ (Sigma)
FLAG peptide tag™ (Sigma, and so on), which is a peptide

consisting of 8 amino acids, is used in purifying proteins as
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The foll ow ng protocol roughly shows an exanple of this process which may
be appropriately nodified. 1. Collect cells (host: B31 cell (Rat-1

fi brobl astvgc@losssghi ne), vector: pDoubl e-Troubl e (pDT) nmandt/@01/€06pF €SSi on
vector) showi ng the expression of the target protein by centrifugation and
honogeni ze in 8 m of hypotonic lysis buffer containing protease
inhibitors (10 g/m calpain inhibitors I and Il, 100 g/m Pefabloc, 2.5
g/m |eupeptin, 2 g/m aprotinin, 2 gg/m bacitracin, 20 gg/m

benzam dine). 2...Centri.fuge (2,000 0 el.i,m_nat 1, d j ! nucl ei ¢
aci ds and® c&jceacjtlet eepslﬁcp reng?gn%jgggh%r Jhtebf a@eﬁﬁrtr%ga&% %2%1%%%{}% the cell
extract thus .obtained to.1 m of.a ant.i.body col.um., sh the col um
R hoSE e SpecPPEhe it T indend HekG s 2RO ad iR e W oy
CHAPS). 4, Elute the target protein with 5 m_of TBSG containin 200 g/ m
of the FLAG PeptHaectes SO AR S P GGG GneRG3 8%3‘5@?3%/3%@%682

In this process, use is made of the binding of Staphyl ococal Protein A
(SPA) to RfRThdeylfgeseRerdofel Y Hafsed 5§t of ei A- cHRPEEERIOFTE tar det
protein with SPA is captured by using an IgG Sepharose colum. Buffer with
a | ow pH GaFueseR, BEpgessienut i lSeatBony | nRagdletiapr 8B  Fusi on
to Staphyl ococcal Protein A Methods in Enzynol ogy 185: 144-161, 1990.
Isoforms of the Inositol 1,4,5-Trisphosphate 3-Kinase. The
Journal of Biological Chemistry 272: 30447-30454, 1997.
The following protocol roughly shows an example of this
process which may be appropriately modified.
1. Collect cells (host: B31 cell (Rat-1 fibroblast cell
line), vector: pDouble-Trouble (pDT) mammalian expression
vector) showing the expression of the target protein by

centrifugation and homogenize in 8 ml of hypotonic lysis buffer

containing protease inhibitors (10 pg/ml calpain inhibitors I
and II, 100 npg/ml Pefabloc, 2.5 pg/ml leupeptin, 2 pg/ml
aprotinin, 2 ug/ml bacitracin, 20 pg/ml benzamidine).

2. Centrifuge (2,000 g) to eliminate cell debris and

nucleic acids and collect the supernatant.

3. Further centrifuge and apply the cell extract thus
obtained to 1 ml of a FLAG antibody column. Wash the column
with 35 ml of TBSC (50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.1 %
(v/v) CHAPS).

4, Elute the target protein with 5 ml of TBSC containing
200 pg/ml of the FLAG peptide.

C. Protein A and IgG
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The foll ow ng protocol roughly shows an exanple of this process which may
be appropriately nodified. 1. Add overnight culture of transfornmed cells
(host: E woc@los3sss S. aureus, vector: pRIT 20 or pRI T30 seidmespi/iges2d n

of LB medium (LB nmedium + 0.1% w v) glucose, 250 ng/1 anpicillin) and

i ncubate at 37C for 4 hr. 2. Harvest the cells by centrifugation (10, 000g,
5C, 20 mn) and filter the supernatant through a 0.45 mfilter nenbrane.
3. Apply the filtrate to 5 n of an IgG Sepharose colum pre-equilibrated

with TST (50 m\ﬂTr 1 $-H HC1 (r% WFﬁe Os”%'&d of Sgg :{%ﬁﬂévﬁ%w@fn 20)

4. \Wash the colurm succe swefs;?’ |quots e and 5 nl

cetate (PHPS 500 L BYSER Aty hﬁaa&m TNl Fdy heets 1 B a

met hod of purifyi clic _41 V\DO 053 82 PCT/ JPQ1/ 10682

nucl cot | REGHE LN (RS SThating CARMSEN PEC LR 151 BL6PnCBRT oF nat AT PBovi ne
retina, by using a nonoclonal antibody PMc_ 6E7 (N-term nal domain of a
subuni t: G3RDE PIIHHEFPIIEY SEREOSIM | BaG L ahd Lt 12 Lb] BHyVaPit i ¥$ cat i on,
Characterization, and Reconstitution of Cyclic Nucl eotide-Gated Channel s.
Met hods i #SeEniy ol Bigio204 Sepa o 280 1 ss9ogRnd Bepharaes o (Phatct2)

carrying the nonoclonal antibody fixed thereon is used as an
Staphylococcal Protein A. Methods in Enzymology 185: 144-161,

1990.

The following protocol roughly shows én example of this
process which may be appropriately modified.

1. Add overnight culture of transformed cells (host: E.
coli or S. aureus, vector: pRIT 20 or pRIT30 series) to 25 ml
of LB medium (LB medium + 0.1%(w/v) glucose, 250 mg/l
ampicillin) and incubate at 37°C for 4 hr.

2. Harvest the cells by centrifugation (10,000g, 5°C, 20

min) and filter the supernatant through a 0.45 pm filter

membrane.

3. Apply tﬁe filtrate to 5 ml of an IgG Sepharose column
pre-equilibrated with TST (50 mM Tris-HCl (pH 7.4), 150 mM NaCl,
0.05 & (v/v) Tween 20).

4. Wash the column successively with 15 ml aliquots of
TST twice and 5 ml of 1 mM ammonium acetate.

5. Elute the protein.witﬁ.l ml of 0.5 M ammonium acetate
(pH 3.3).

D. Protein and monoclonal antibody

There 1is known a method of purifying cyclic
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adsorbent. To elute the target protein, use is nmade of 6E7 conpeting
peptide which is a peptide conpetiti veI y binding to the nonocl onal

anti body awh2ndssspg an am no aci d sequence Ser- Asn- Lys- paturpofAdss2 G u-
Pro- Lys- G u- Lys- Lys- Lys- Lys- Lys. This conbination is also usable in
the present invention. The follow ng protocol shows an exanple of the
process for purifying the bovine retina-origin protein with the use of

t he nonocl onal anti body. 1. Collect rod outer segnent (ROS) fractions from

a bovine , t uaaki ose
density gr ad| ent (%%lgagm@\%@fr :%s acgﬁgltngé%p%lc%q,lgr%gﬁc\)ﬂ%g%gc%%&%éﬁm

82,500 g, e t C of
hom)genl 70 ng 61% I? %Eg}) (W v) su osemglélg%ﬁ'%'?l %@Qgggggfé_)}(&(ﬁpﬁfﬁ;ﬁ@ 10

%gtgggi t%ief‘ﬁg%g %%%gfgncgn%“@#l ﬁbg%ﬁ?lg]?%gé%ﬂl?eeprzg %ﬂ%)n)f Re & crude
t
02 053583 BT 5 RO Toeds TpLeRy” mPVO b&%tgﬁ&zy?g%fg'cgeﬁ &f%f s 1

DTT) and centrlfu 20,0 dt llet i
the' same HRAGRFEH ‘ﬂtlé%ﬁéag%‘g]rjyc 813 Gé%s%ucg?) p%éﬁfjgfpjrerh io Irr1r\]/|
HEPES- KOH (pH 7. 4). 7 Add t he ROS rre ranes to §§3

(Chol ani dBHFBIRA994I Aty Pfreifi%] 1929 br opaABH @EPFSn e) { ( Srmacia)

carrying the monoclonal antibody fixed thereon is used as an
adsorbent. To elute the target protein, use is made of 6E7
competing peptide which is a peptide competitively binding to
the monoclonal antibody and having an amino acld sequence Ser-
Asn- Lys- Glu- Gln- Glu- Pro- Lys- Glu- Lys- Lys—- Lys- Lys-— Lys.
This combination is also usable in the present invention.

The following protocol shows an example of the process
for purifying the bovine retina-origin protein with the use of
the monoclonal antibody.

1. Collect rod outer ségment (ROS) fractions froma bovine
retina homogenate by centrifugation under a 30 to 50% sucrose
density gradient (20 mM Tris-acetate (pH 7.4), 10 mM glucose,
1 mM MgCl:; 82,500 g, at 4°C for 45 min).

2. Dilute the ROS fraction in 5 volumes of homogenizing
buffer (20 % (w/v) sucrose, 20 mM Tris- acetate (pH 7.4), 10
mM glucose, 1 mM MgCl:) and centrifuge (20,000 g, 4°C, 20 min).

3. Re-suspend the ROS pellet in 8 ml of homogenizing buffer
to give a crude ROS extract.

4. Suspend ROS in 10 volumes of hypotonic lysis buffer
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solubilization buffer [10 mM HEPES- KOH (pH 7.4), 10 nM CaCl 2, 0.15 MKdO ,
18 mM CHAPS, 2 ng/m asol ectin (soybean phosp. hatidyl choline, type IV-S;

Si gma) praicggpsesssnhi bitor (0.1 mM dii soprophyl fl uor ophospatgoe1/regs M
aproteinin, 1 g/m |eupeptin, 2 g/m pepstatin or 20 pM Pefabl oc SC)] and
stir slowy. 8. Centrifuge (27,000 g, 4C, 30 min) to elimnate cell
debris. 9. Apply 20 ml of the solubilized ROS nenbrane to a Sepharose 2B
col um having PMc 6E7(anti body) fixed thereon. V\ash with 10 vol unmes of

%ﬁslgom%g%sug ?grggtl n?}‘m Gf-’gﬁ(AEI ute che tar gacf%%tr%it%%elw th

CHAPS co fe cont |n| ng 0.1 ng/mM of 6E7 conpeting peptide. (5-3)
Process m(ﬂ& us]eooqEl % hdi ng of protein to protein or pepti de fragnent

A. Strep-Tag and stre n re has b n kno roc or affinity
purification 4% ﬁ%rb%S%B% Jﬁﬁ/ﬁ%ﬁ mﬂ“epr%?r%? %ﬁ?g‘mé
Strept-tag which_ is an oljgopeptide having an affinity for streptavidin

(see, forr%&%ff% FRLY Aagket¥aC8@nd T. G Schmidt, Use of the Strep-Tag and
Streptavidin for Detection and Purifjcation of Reconbi nant Proteins.

Methods in  EnZynolbgemdethe meblat 200000 mfi BREchHiGled e - 4338- 344

(2000)). This conbination is also usable in the present invention.
7. Add the ROS membranes to CHAPS (3 = [3-

(Cholamidopropyl) dimethylammonio] -1- propane sulfonate)
solubilization buffer [10 mM HEPES- KOH (pH 7.4), 10 mM CaCl,,
0.15 M KCl, 18 mM: - CHAPS, 2 mg/ml asolectin (soybean
phosphatidylcholine, type IV-S; Sigma) protease inhibitor (0.1
mM diisoprophylfluorophosphate, 5 png/ml aproteinin, 1 pg/ml
leupeptin, 2 pug/ml pepstatin or 20 puM Pefabloc SC)] and stir
slowly.

8. Centrifuge (27,000 g, 4°C, 30 min) to eliminate cell
debris.

9. Apply 20 ml of the solubilized ROS membrane to a
Sepharose 2B column having PMc 6E7 (antibody) fixed thereon.
Wash with 10 volumes of CHAPS column buffer (10 mM HEPES- KOH
(pH 7.4), 1 mM CaCl-, 0.15MKC1l, 12 mM CHAPS, 2mg/ml asolectin) .

10. Elute the target protein with CHAPS column buffer
containing 0.1 mg/ml of 6E7 competing peptide.

(5-3) Process with the use of binding of protein to protein or
peptide fragment
A. Strep-Tag and streptavidin

There has been known a process for affinity purification
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In this process wth the use of the binding of Strep-tag to streptavidin,
use is nade as the Strep-tag, for exanple,

Al a- Tr p- Aygy (FoS349850- G n-Phe-@ y-Ay or  Asn-Trp-Ser - H s- Prgg-f3por/ gz G u- Lys
(Strep-tag Il ). A Strep-tagged protein such as DHFR (di hydrofol ate
reductase) is synthesized in a cell-free system Then it is purified by
adsorbing by fixed streptavidin or Strep Tactin. As an el uent,
desthiobiotin is enpl oyed. The follow ng protocol shows an exanpl e of the

process oé t he production g}aapgt_rep-t d. protein co nent wi.th the
e of StTep: PG and AT UNE SVt AtePa RAvE: BRen KAGHRE ALan e bf
variations of_this proces ang an appropriate one y ge el ect ed
t her ef r orA™ PEEARY Tk &P SI‘%FGE Ia'tvﬂlfiégofs ‘?ané‘?%reﬁfé’ﬂl@.e'c I'i§]6eelﬁ% anYsi ng
pASK- 1 BA vector) to 2 1 of fresh LB nedium (containing anpicillin at.
final conkenfratSicorisit 10659/ /L) vl $heebatad 88055562V 181 Gnd&E shaki ng
(200 rpm at 22C . 2. To induce gene expression, add 200 gl of 2 ng/m 44
VO 02/ 053582e Fov oY 06821 cahhylrcst BEFABYERrAE-RAGRSIA £ ¥e FaATaIDVF)
solution. Then continue the incubation for additional 3 hr. 3. Harvest the
cel |l s by engmoIugy n@2(64, 200g314C200Q2) ri HicTeSusippres t B8:ce13&-344% 20 ni
of buffer P (100 nM Tris-C1L (pH 8. 0) , 500 mM sucrose, 1nmM Na2EDTA) and
i ncubat e 6M0O@e) f or TBAsmigembiindlian nas e adpberoplast by ¢ést mdfagghimy (27,
000 g, 4C, 15 mn).
invention.
In this process with the use of the binding of Strep-tag
to streptavidin, use is made as the Strep-tag, for example,
Ala-Trp-Arg-His-Pro-Gln-Phe-Gly-Gly or
Asn-Trp-Ser-His-Pro-Gln-Phe-Glu-Lys (Strep-tag II ). A
Strep-tagged protein such as DHFR (dihydrofolate reductase) is
synthesized in a cell-free system. Then it is purified by
adsorbing by fixed streptavidin or Strep Tactin. As an eluent,
desthiobiotin is employed.
The following protocol shows an example of the process
of the production of a Strep-tagged protein component with the
use of Strep-tag and streptavidin. There have been known a
number of variations of this process and an appropriate one may
be selected therefrom.
1. Add overnight culture of transformed E. coli cells
(using pASK-IBA vector) to 2 1 of fresh LB medium (containing
ampicillin at final concentration of 100 pg/ml) and incubate

to ODss0=0.5 under shaking (200 rpm) at 22°C.

2. To induce gene expression, add 200 pl of 2 mg/ml
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5. Dialyze the thus obtained periplasma faction against 2 1 of buffer (100
MV Tris-d (pH 8.0) , 1 nM Na2EDTA) overnight. 6. Equilibrate a

StrepTact wp a5 0se colum with buffer W Apply the protpimypspioés: on to
the columm by using a system provided with a peristaltic punp, an W
detector (A280) and a fraction collecter. 7. Wash the colum with buffer W
until A 80 attains the base line. 8. Elute the target protein with buffer:
Wcontaining 2.5 mM of desthiobiotin. B. S-peptide and S-protein It is

Croun o S B AL A L Bl Sl RORKSL ST RIR, ( SOBLBLELD) sl
Pavi ng S TERTTHE S atnel 1Ry b D) can B T Dy Soarobe having
et voon St ag. Shd1SEBESEAE GPLRS HOFCBKAMBIE TSN YU At LA
2 3 M MGEITRIE CRAAG: 2 A AEGoPHECRE T (TR0 2 etrde RO+ P
M er endor f The S Tag Fusion stemfaor Protein Purification, Methods in
Enzyrmol oGy 28t FEATHEr 2000 NG OF PO RGUPE GEGEB] | FLGH 3 b an
exanple of this process which nay be optionally nodified. 1. Add 2 m of
an S-protein adgar 83emdhateyspNevageast tay centrifuging (27,000 g, 4°C,
15 min).
5. Dialyze the thus obtained periplasma faction against
2 1 of buffer (100 mM Tris-Cl (pH 8.0), 1 mM Na,EDTA) overnight.
6. Equilibrate a StrepTactin Sepharose column with buffer
W. Apply the protein solution to the column by using a system
provided with a peristaltic pump, an UV detector (A.z) and a
fraction collecter.
7. Wash the column with buffer W until A.g attains the
base line.
8. Elute the target protein with buffer W containing 2.5
mM of desthiobiotin.
B. S-peptide and S-protein
It is known that the protein fragment of ribonuclease S
(S—protein) tightlybinds to its S—-peptide fragment (S-peptide)
reversibly. Protein can be purified with the use of this
binding. Namely, an S-tagged protein (i.e., having S-peptide
attached thereto) can be captured by agarose having S-protein

fixed thereto. Elution is carried out by cleaving the bond

between S-tag and S-protein with, for example, 3M guanidinium
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an extract of cells expressing the target protein (host: bacteria, insect,
manmmal i an, vector: pET, pBAC (Novagen) and thoroughly stir at room

t enper at uywe) d2@53580 NMin. 2. Centrifuge (500g, 10 min) and qldipogiwsi he
supernatant. 3. Suspend the S-protein agarose having the target protein

bonded thereto in bind/wash buffer (20 MM Tris-HC1L (pH 7.5), 0.15 M Nad,
0.1 % (v/v) Triton X-100). 4. After centrifuging (500g, 10 mn), discard
the supernatant to thereby elimnate proteins unspecifically bonded. 5.

Puspend e e PLOLEL D QOANPSG A I 1) che 2 /O Uy oubl AmpELter

( bi nd/ was + 3 Mguari dinium thiocyanate, 0.2°M pdtassiumcitrate

H 2), 3.M ?2). .B. fqf. ' ile.
CBcastonal 5 SRPATL: of WEERMIRLR, B, K00 LAERSERL MO C) S ddh st o

centrifuging, harvest the target protein thus eluted. 46 WD 02/ 053582
PCT/ JPO1/ HEREL" Te0 BUPHBRLEYRALBRAH g TGS A OERBPF ok e sl ER0R? ik CaM 1

this process, otein iLs rifjied using an interaction between

cal modul it B 9%9’¢§%%e?§51%%$» %ﬁ%O)Calnodulin (P. Vaillancourt,

Chao- Feng Zhen D. ?. Hoang, and L. Brejister, Affinity Purificatjon of
Reconbi nant Pr gf{flsﬁ‘ FO L IS Ed PEOCRCRDALPFARSY TP WSt GEPMR-BI ﬂﬁifﬁbls

Peptides. Methods in Enzynol ogy 326: 340-362%2000)). This conmbination is
al so process which may be optionally modified.

1. Add 2 ml of an S-protein agarose slurry (Novagen) to
an extract of cells expressing the target protein (host:
bacteria, insect, mammalian, vector: pET, pBAC (Novagen) and
thoroughly stir at room temperature for 30 min.

2. Centrifuge (500g, 10 min) and eliminate the
supernatant.

3. Suspend the S-protein agarose having the target
protein.bonded.theréto in bind/wash buffer (20 mM Tris-HCl (pH
7.5), 0.15 M NaCl, 0.1 % (v/v) Triton X-100).

4., After centrifuging (500g, 10 min), discard the
supernatant to thereby eliminate proteins unspecifically
bonded.

5. Suspend the S-protein agarose slurry in 1.5 volumes
of elution buffer (bind/wash buffer + 3 M guanidinium
thiocyanate, 0.2 M potassium citrate (pH 2), or 3 M MgCl.).

6. Incubate at room temperature for 10 min while.
occasionally stirring to maintain the suspended state.

7. After centrifuging, harvest the target protein thus

eluted.
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usable in the present invention. A CBP-fused protein conposed of a protein
conponent and CBP bonded thereto is prepared. Then it is purified by
adsor bi ngwhyo2mssgphar ose 4B-based CaM affinity resin or otprarypogeuggerci ally
avai lable CaMresins. In elution, use is mde of EGIA capable of formng a
chelate with Ca-+. The follow ng protocol shows an exanple of the process
of the preparation of a CBP-fused protein using CBP and CaM There have
been known a number of variations of this process and an appropriate one

celt s (poa cormedthinePPhatug R R o G GRS i L Uiy 7T O
carbenici 1. ThodBate P6PBBE60m0 6 L0, ATt BF Sifing o PYE.P giive a
hr " ander SHAKIHGH 21 AR © RBLBRRL By DLBACEET GG SuSpERY (Tt col |
pellet in buffer. A (50 MM Tris-HCL (pH 8.0), 150 nM NaCl, 10 47 WO
02/ 05358 XPETPIPb4? 1768721 MPRCRBE EaptiR et Phepdmp mignBSPlfr et ate, 1
mM i m dazole, 2 nmM CaCl2) containing 0.2 ng/m of |ysozyme. Disrupt the
cel s bybsoareasten: Bffdeatyi Fugd fikatden afyFmeonPRagpFtaBs sin) and
collect the supernatant. 4. Equilibrate 10 nml of a CaM Sepharose resin
with buffBisedto Calmodulin or to Calmodulin-Binding Peptides. Methods
in Enzymology 326: 340-362(2000)). This combination is also
usable in the present invention.
A CBP-fused protein composed of a protein component and
CBP bonded thereto 1is prepared. Then 1t is purified by
.adsorbing by a Sepharose 4B-based CaM affinity resin or other
commercially available CaM resins. In elution, use is made of
EGTA capable of forming a chelate with ca®’.
The following protocol shows an example of the process
of the preparation of a CBP-fused protein using CBP and CalM.
There have been known a number of variations of this process
and an appropriate one may be selected therefrom.
1. Add 20 ml of overnight culture of transformed cells
(pCA series constructed on the basis of pET-11 as a vector)
overnight to 1 1 of LB medium containing 50 ug/ml of ampicillin
or carbenicillin. Incubate to ODee=0.6 ~ 10. After adding
IPTG to give a final concentration of 1 mM, continue the
incubation for additional 3 to 5 hr under shaking.

2. Harvest the cells by centrifuging. Suspend the cell

pellet in buffer A (50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 10
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5. Mx the CaM Sepharose resin with the cell lysate and gently stir for 1
hr. Centrifuge at a | ow speed and elimnate the slurry to thereby

el i m nat ewgpessshi cal |y bonded matters. 6. Wash with 40 rcm@frobwisker A
Re-suspend in 20 to 30 m of buffer A and then pack into a colum. Wash
successively wth 5 colum bed vol unes of buffer A and buffer B (50 nM
Tris-HC1 (pH 8. 0) , 150 nM NaCl, 10 nM 2-nercapto-ethanol, 1 nM nagnesi um
acetate, 1 mMimdazole, 0.1 MM CaC ) until A 80 of the UV detector

attains L base Jine Ly Bt e Lie Larget orolei i thybuffer, B cont ai ning

2mM  of n here beén repor process

Cerum b i b BUa? FERPLY MANAPS SCABBT (1o GHANE T3° N 1Skon, A

M Li ndbﬁté}?’ M. Uhl en, and Per-Ake Nygren, Production of a Thernostable
DNA Pol ynef a3%PHy2'st?%: Specific O eavage of A Heat- Eluted Affinity

Fusion Protein. Protein Expression.and 48 WD 02/053582 PCT/JP01/ 10682
Purification 9: -rj}?él,gelg@?)ceﬁﬂi $Yp7 bR < OOfY i s ik BRESHNE S t ar get
protein as a fused protein with serum al bumin binding affinity handl e
(ABP), capturiReT®aBtan  HSA- Sephar ose columm and eluting with buffer
having a low pH value. This conbination is also usable in the present

i nvention. The 4oERBwMlA§ratet besll pbeghr) - SABRBT PHe & 9frigcwsshgyffer

A.

5. Mix the CaM-Sepharose resin with the cell lysate and
gently stir for 1 hr. Centrifuge at a low speed and eliminate
the slurry to thereby eliminate unspecifically bonded matters.

6. Wash with 40 ml of buffer A. Re-suspend in 20 to 30
ml of buffer A and then pack into a column. Wash successively
with 5 column bed volumes of buffer A andbuffer B (50 mM Tris-HC1
(pH 8.0), 150 mM NaCl, 10 mM 2-mercapto-ethanol, 1 mM magnesium
acetate, 1 mM imidazole, 0.1 mM CaCl-) until A.go of the UV
detector attains the base line.

7. Elute the target protein with buffer B containing 2mM
of EGTA.

D. HSA and ABP

There has been reported a process for purifying protein
by using the binding of human serum albumin (HAS) to serum
albumin binding affinity handle (ABP) (T. Graslund, J. Nilsson,
A. M. Lindberg, M. Uhlen, and Per-Ake Nygren, Production of a
Thermostable DNA Polymerase by Site- Specific Cleavage of A

Heat- Eluted Affinity Fusion Protein. Protein Expression and
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protein purification. 1. Add 5 m of overnight culture of transforned cells
(host: E. coli, vector: pET-21a (Novagen)) to 500 ml of TSB + YE nedi um

(30 g/ 1 twpsioesssey broth, 5 g/l yeast extract, 100 ny/ 1l prmiréiddesn, 34
nmg/ | chl oranpheni col ) followed by incubation under shaking to ODroo= 0.8
to 1.5. 2. To induce the expression of the fused protein, add 1nM (the
final concentration) of isopropyl (3-D-thiogalactoside and continue the

i ncubation for additional 3 to 5 hours. 3. Harvest the cells by

0.2 M rad e Heen” 560 1AM £570) ”alﬁél(??u%%@tﬁiiﬁ%éﬂ% o
ORIt er THRE SSal et an Bhds POBr S hed ﬁ?l)%u%é’ép?@%g?n(%q o
tar get protePR TS 0Y SO RS Yol GETaT (BT 2, o s g8 U “82%&35@54 e the
TSt e () s it e et o Hotpo 2l 0

vitamn or lectin A. Glutathl one S-transferase (GST) andEgl ut at hi one A

process fGUsur i f Yitig pFEERiA2BYOlsihy &hSPnt'eF ARt f o™ bERRedt ESHAnd

gl utat hione, which is called the GST pull down nethod, has been comonly
perfornedm\(@sfé‘eloﬁ-or exanpl e,

The following protocol roughly shows this process for
protein purification.

1. Add 5 ml of overnight culture of transformed cells
(host: E. coli, vector: pET-2la (Novagen)) to 500 ml of TSB +
YE medium (30 g/l tryptic soy broth, 5 g/l yeast extract, 100
mg/l ampicillin, 34 mg/l chloramphenicol ) followed by
incubation under shaking to ODgypo= 0.8 to 1.5.

2. To induce the expression of the fused protein, add 1mM
(the final concentration) of isopropyl B-D-thiogalactoside and
continue the incubation for additional 3 to 5 hours.

3. Harvest the cells by centrifuging. Suspend the cell
pellet in TST (50 mM Tris-HC1 (pH 8.0), 0.2 M NaCl, 0.05 % Tween
20, 1 mM EDTA) and disrupt the cells by sonication.

4. Centrifuge the disrupted cell suspension (20,000
g,30min). Filter the supernatant thus obtained through a 1.2
pn-hydrophilic filter.

5. Apply the cell extract to an HSA-Sepharose column.

6. Elute the target protein with a 0.5 M Hac solution (pH
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Tanpakushi t su Ji kken Noto (Protein Experinent Note) (l), on and after

p. 162, Chap. 5: 1. GST-Yugo Tanpakusthitu no Hatugen to Seisei (Expression
and Puri f\weaiioasssef GST-fused Protein), Suetake, D. B. Smdiupofserses ati ng
Fusions to Qutathione S-Transferase for Protein Studies. Methods in
Enzynol ogy 326:254-270, (2000)) . This conbination is also usable in the
present invention. This process conprises preparing a fused protein
conposed of a target protein with GST and adsorbi ng by

gl utat hi O({Eﬁ—ilggaﬁr%sceeseﬁ”mioc%e%h%s 138 8?58538?{%3 é‘%ﬁ??t%ﬂ?ngo S Lé%e_Lfbi% made of

reduced g t hi'one.” 1 n case of preparing used protein by a

geneti c engi neering technique, .it is __kno t S pl e, & coli
Sacchar onyces ?@W@ %ﬁ%g'1%%‘@§%$§5§§@€ﬁg$@n§§8§ %gn%@{%é %Eéthgﬁy The

foll owi ng protocol raoughly sho n exanple of the process of the
production of G (% HﬁﬁbfﬁiﬁﬁﬁgFﬁb GST and gl utathione. There have been
known a nunber of variations of this rocess(gng gg{ propriate one nay be

sel ect ed A-hérletrarhiond vk o) DEEER Dpcy 199 ute 100 M of
overni ght culture of transfornmed cells in 1 1 of L medium containing 100
g/ m of anpici B PEOEESSoRed PBYL fnEB AU IR PYHEPYBYt 2R hid e 4Rp
centrifuging (5000 g) . Suspend the cell pellet in 20 ml of ice-cold PBS
cont ai ni M taveed GEThgndagienta sutdnas whitd §snepbieditity 66ArRRtbIdWTT) or
0.1% of 2-mer capt oet hanol .

method, has been commonly performed. (see, for example, ,

Tanpakushitsu Jikken Noto (Protein Experiment Note) (I), on and

after p.162, Chap. 5: 1. GST-Yugo Tanpakusthitu no Hatugen to

Seisei (Expression and Purification of GST-fused Protein),

Suetake, D. B. Smith, Generating Fusions to Glutathione

S-Transferase for Protein Studies. Methods in Enzymology

326:254-270, (2000)). This combination is also usable in the

present invention.

This process comprises preparing a fused protein composed

of a target protein with  GST and adsorbing Dby

glutathione-agarose employed as an adsorbent. As an eluent,

use is made of reduced glutathione. In case of preparing the

GST-fused protein by a genetic engineering technique, it is

known to use, for example, E. coli, Saccharomyces cerevisiae

or Schizosaccharomyces pombe as the host.

The following protocol roughly shows an example of the
process of the production of GST-fused protein using GST and

glutathione. There have been known a number of variations of

this process and an appropriate one may be selected therefrom.
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3. Gently sonicate the suspended cells on ice so as that the suspension
does not forth. Control the sonication to such a |level that the solution
turns i ntwgipldssgsay within about 5 mn. 4. Add Triton X-plQ@rbDi1@sye a
final concentration of 1% and centrifuge (10,000 g, 4C, 5 mn). Apply the
supernatant into a 50 ml tube. Add 1 m of pre-swollen 500

gl ut at hi one- agar ose beads and, inverting occasionally, incubate at 4C for
30 min. 5 Collect the beads by centrifuging (500 g, 30 min) and wash with

50 m aliquots ;ofp,j ql t - t K tl
o s pl sl FES v gl cFylecl e Lusstpiatein y, gent

stirring the beéads an equa

8) at roomt rature for e_the su natant,

centri f ugithd ?gggIgme§dUHb88?talaaaggV5%&QJFﬁt8f TR a1 naﬁ%@oﬁgén ration
of 10% a d stor g i.n allquots at -80C. B. Protein and dye-ligand 51 WO

02/ 05358 It is reported that a native protein originating

in Z nnnonas nnbllls sh ty f f I
1790% React i vé& R§8r§e§EW%E§ICe%L%B%f%@“%I g%%§%93289¥§8 FUC 5F%m3%%an be
purified by using this characteristjc ( K.__ Scopes.and K
GiffithsShicenl peélet B’lf%%lménf’ifa}c%n%OlW@SLFﬁgﬁal@ﬁPSn%tW With

Affinity Elution for Enzyme Purification: Phospho%Juconate Dehy dratase
fronlzynﬁﬁﬁﬁgg such as 1 to 5 mM of dlthlothreltol 0.1%

2-mercaptoethanol.

3. Gently sonicate the suspended cells on ice so as that
the suspension does not forth. Control the sonication to such
a level that the solution turns into dull gray within about 5
min.

4, Add Triton X-100 to give a final concentration of 1%
and centrifuge (10,000 g, 4°C, 5 min). Apply the supernatant
into a 50 ml tube. Add 1 ml of pre-swollen 50%
glutathione-agarose beads and, 1inverting occasionally,
incubate at 4°C for 30 min.

5. Collect the beads by centrifuging (500 g, 30 min) and
wash with 50 ml aliquots of ice-cold PBS thrice.

6. Elute the fused protein by gently stirring the beads
with an equal volume of freshly made 50 mM Tris-HCl (pH 8) at
room temperature for 5 min.

7. Eliminate the supernatant by centrifuging (500 g, 30
sec), add glycerol to give a final concentration of 10% and store
in aliquots at -80°C.

B. Protein and dye-ligand
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nobi | is. Analytical Biochem stry 136: 530-534, 1984) Nanely, a target
protein can be purified by labeling the target protein wth all or a part

of this pw(g'yolgy,ssgdsorbi ng by a Sepharose affinity col umpugipogidebe above
dye as a ligand and then eluting. The follow ng protocol shows the process
for purifying the Z. nobilis-origin protein. 1. Starting froma |liquid
culture of Z. nobilis, prepare a cell extract with the use of extraction
buffer (20 M K-Mes (pH 6. 5) , 30 MM NaCl, 5 nvwhd 2, 0. 5 mM ammoni um

specess et 5% Seaffet T SRS HRGe ReslPRLL AR I e
R A o SR R T
col um w1 R AR B EOR G20 ol NS
ol ST WE SRS, & i i e s
speci fi c SeRpRIF ngwt  Bi-ot ﬁﬁiiféipﬁk}ﬁd?%iﬁ%s l:p}é% )Iérﬁo\?\ﬂﬁﬁg%gtﬁgltgﬁgytéjs n?steg,e

for example, J. D. Alche, and H Dickinson, Affinity Chronat oE%ra hi c
Puri fi catPyerlbtoapd | BbapeateerarRy obithl dfddnity Elution for zyme

Purification: 6-Phosphogluconate Dehydratase from Zymononas
mobilis. Analytical Biochemistry 136: 530-534, 1984). Namely,
a target protein can be purified by labeling the target protein
with all or a part of this protein, adsorbing by a Sepharosé
affinity column using the above dye as a ligand and then eluting.
The following protocol shows the process for purifying the Z.
mobilis-origin protein.

1. Starting from a liquid culture of Z. mobilis, prepare
a cell extract with the use of extraction buffer (20 mM K-Mes
(pH 6.5), 30 mM NaCl, 5mMMnClz, 0.5 mM ammonium ferrous sulfate,
10 mM PB-mercaptoethanol) .

2. BApply to the cell extract successively to a Scarlet
MX-G (C.I. 17908, Reactive Red 8)-Sepharose CL-4B column
(Pharamacia) and a Blue HE-G (C.I. Reactive Blue 187) - Sepharose
CL-4B column.

3. Wash the columns with 100 ml of the extraction buffer.

4. Wash not the Scarlet MX-G column but exclusively the
Blue-HE-G column with the extraction buffer containing 20 mM

of Na-So, .
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Fusi on Protein Expression in Escherichia coli. Protein Expression and
Purification 12:138-143, 1998) This process conprises preparing a fused

protei n cogpRassssef biotin and a target protein by using mepdquense (122
am no acids) which is biotinylated in a host (for exanple, E. coli),

capturing this fused protein by a colum having avidin fixed thereto (for
exanpl e, SoftLink soft release avidin resin (Pronega) ) and then
conpetitively eluting with biotin. This conbination is also wusable in the
present invention._ 1. Taq ipduce gene expression,.add 1_nM of. |.PTG (it he
final concent ratFoRYSt ‘%EQFH?EgﬁxgﬁFfﬁ?El%%n??bﬂ%EGR%EﬁmgﬁﬂﬁgV(Hgét: E.
coli, vector: PinPoint Xa-2 (Pronega) ) and incubate for additional 5 hr.
In case wHere! tHe drakyexprREeerldtdtein is present within the cells
treat as follows. 2. Lyse the cells by adding 10 ni. of the cell

. er gra
pel | et ofC pHFXFEISOHM TFirf- 1R PhHP BRI 19 EDFA 50 %Mrglraho, 0.1 nM
PMSF, 1 nmg/m |ysozyne). 3. Collect the precipitate containing the target
protein 53 WOXPre53s82 IPCTPIPoirings? PR ent RidRrAgtresSPoO0hiC 15 i n)
and suspend in buffer (50 MM Tri’s-HCL (pH 8), 10 mM EDTA, 50 nM Nad, 0.5
% Triron @09 of. bievi PNBFR VE G Rowes HeenkBAVA G Ak ckondl Limet e3ee,
centrifuging (18,0009, 15 mn), suspend the pellet thus obtained in
sol ubi | i z&t¥ oresouidler, (50 nWA.Tr ARdcHEL épH 8J, 1DigdMESTR, SPERVINaC, 0.5
% Triton X-100, 0.1 mM PMSF, 6 M guani di ne-HC1).
Chromatographic Purification of Antibodies to a Biotinylated
Fusion Protein Expression in Escherichia coli. Protein
Expression and Purification 12:138-143, 1998). This process
comprises preparing a fused protein composed of biotin and a
target protein by using a sequence (122 amino acids) which is
biotinylated in a host (for example, E.coli), capturing this
fused protein by a column having avidin fixed thereto (for
example, SoftLink soft release avidin resin G&omega) ) and then
competitively eluting with biotin. This combination is also
usable in the present invention.
1. To induce gene expression, add 1 mM of IPTG (the final
concentration) to overnight culture of transformed cells (host:
E. coli, vector: PinPoint Xa-2 (Promega) ) and incubate for
additional 5 hr. 1In case where the thus expressed protein is
present within the cells, treat as follows.
2. Lyse the cells by adding 10 ml per gram of the cell
pellet of buffer (50 mM Trin-HCl (pH 8.0), 1 mM EDTA, 50 mM
NaCl, 0.1 mM PMSF, 1 mg/ml lysozyme).

3. Collect the precipitate containing the target protein
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5. Apply the cell extract to 3 m of a SoftLink soft release avidin resin
(Pronega) colum pre-equilibrated with 30 mM of the solubilization buffer.
Wash wi t hw@yomks3sgh the solubilization buffer. 6. Elute thetproi/igyl at ed
target protein with solubilization eluent containing 5 mM of biotin. (5-5)
Process with the use of binding of protein to saccharide 1In this process,
a protein is purified by using an interaction between a sacchari de-bindi ng
protein with a saccharide. For exanple, it is known to use naltose-binding

Prsi one %B%r%tﬁr%é%ffﬁm“né%?@i@ e b ts Bl m Maer R i 4,
Pr ot ei I 6: 3 203
ELftﬁ;an %l :g@i egab%Ftgﬁgﬁﬂkgyxﬁgéxggﬁﬁg%Aﬁédf o] ééiﬁgerac%lon

3 I )
These”Corb Rt L 8 S8 o e e et o A "

Mal t ose- bi ndi ng protein and anyl ose 54 WO 02/ 053582 PCT/JP01/10 8€? In the
process wher ei nt a 5ed EEBFéFﬁHSFnﬁaI@ésQ Qﬁhdﬁﬁb Vel%P?Q? Ped by a
resin haV|nf anyl ose fixed thereto mal tose is used as an eluent. The -
fol | owi ngPptbebcdIus ki ings drarplubsi 1EAEIpR dthictson 39 BMeSELHTHEL f used
protein of maltose-binding protein. There have been known a nunber of
vari at i on$pBf8)t,hil§ pPHEEEs aNdAN adppr 8pPi atle idwa ¥ay0be O seMcTIE
t herefrom

6 M guanidine-HCl) .

5. Apply the cell extract to 3ml of a SoftLink soft release
avidin resin (Promega) column pre-equilibrated with 30 ml of
the solubilization buffer. Wash with 60 ml of the
solubilization buffer.

6. Elute the biotinylated target protein with
solubilization eluent containing 5 mM of biotin.

(5-5) Process with the use of binding of protein to saccharide

In this process, a protein is purified by using an
interaction between a saccharide-binding protein with a
saccharide. For example, it is known to use maltose-binding
protein (MBP) together with amylose (D. Sachdev and J. M.
Chirgwin, Fusions to Maltose-Binding Protein: Control of
Folding and Solubility in Protein Purification. Methods in
Enzymology 326: 312-321(2000).) Furthermore, it is expected
that use can be made of the interaction between
B—galactose—binding;moteinsfﬂuﬂlasgalectinenmiﬁ—galactose.
These combinations are also usable in the present invention.

A. Maltose-binding protein and amylose
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1. Add 2 ml of overnight culture of transforned cells (E., coli/vector
pMAL-c2 (New England Biolabs)) to 225 m of LBD nedium containing 100 g/m
of anpi ci Wg ¢/068882 medi um cont ai ni ng 0. 2% of gl ucose) and pagipopi@synder
shaking to OD600=0.5 at 37C. 2. To induce gene expression, add 0.3 nM of

i sopropyl - (3-thiogal act opyranosi de (I PTG and continue the incubation for
additional 2 to 3 hr at 30C. 3. Harvest the cells by centrifuging (6, 800g,
5 mn). Suspend the cell pellet in 10 m of colum buffer (20 MM Tris (pH
7.4), 200 mM nd oM EDTA, Q. 02% T 0 f

overni ght. 4. ter%r?c%%séﬁmceerl lns"iljspenm %O?ér}lq? gg%ma/a er andﬁ%
10 m of the colum srupt_ t.he. cel onication |ntenS|ty
7506 of "t HeE %%Wlae#%ﬁbe%%mef Scléhmvfl&a. RV ESee Btned @ e S )
dilute the su ernatant with 10- th buffer cru xtract)

6 Aopl y THEC SRR AR GTTRAS (9 T Aot | AR anpP oua F S TS ot e s

02/ 053582 PCT/JP01/10682. 7. \Wash the columm several_tinmes wth 20 %o 30 m
aliquots ¥t BRERLEURA BOEf S0P OB PEOERE Cdr Fetf st 4P &G4h @

col um buffer containing 10 mMof nmaltose. B. Chitin and chitin-binding
donai n (GBB)tesethindprocesstedBe iTeRRISBIC tAREDI MY DMWY Pt o

chitin-binding domain (CBD) in purifying a protein. Nanely, a fused
protei n compbsetont ofi tiinidhi pUPagspr enei iy CBIYr oRtlge one may be

selected therefrom.

1. Add 2 ml of overnight culture of transformed cells (E.
coli/vector pMAL-c2 (New England Biolabs)) to 225 ml of LBD
medium containing 100 ug/m;<xfampicillinA(LBlnediunlcontaining
0.2% of glucose) and incubate under shaking to ODene=0.5 at 37°C.

2. To induce gene expression, add 0.3 mM of
isopropyl-f-thiogalactopyranoside (IPTG) and continue the
incubation for additional 2 to 3 hr at 30°C.

3. Harvest the cells by centrifuging (6,800g, 5 min).
Suspend the cell pellet in 10 ml of column buffer (20 mM Tris
(pH 7.4), 200 mM NaCl, 1 mM EDTA, 0.02% Tween 80) and frozen
at -20°C overnight.

4. Thaw the frozen cell suspension in ice-water and dilute
in 10 ml of the column buffer. Disrupt the cells by sonication
(intensity: 75% of the maximum level).

5. After centrifuging (20,000g, 4°C, 15 min), dilute the
supernatant with 10 ml of the column buffer (crude extract).

6. Apply the crude extract to 10 ml of an amylose resin

column,
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to a target protein via intein (inducible self-cleavage activity of

engi neered protein splicing elenents) is expressed and then adsorbed-by a
chitin afigzogsse®l um (New Engl and Biol abs) In elution, gdigrpbnigdsbet ween
intein and the target protein is cleaved with a reducing agent such as
DTT, 3-nmercaptoethanol orcystein (see, for exanple, Chung-M Park,

Jae- Yoon Shim Song- Sook Yang, Jeong- GuKang, Jeong-Il Kim Z. Luka, and
Pill-Soon Song, Chronobphore - Apoprotein Interactions in Synechocystis sp.

POCE803 Phyt ochy o (ANl . BEAENEM LIy (39:<5948: 9350, 2000)ar Inase o

appl yi ng thIS e|n conponents of ft present” 1 nvention,

(he | otalcomuigi 3,368, abl %ﬁute use%%%%'ewg%@met%e

CBD—|nte| separa i'on o

protein co ts_fromthe tar f rned inthe in vitro

synt hesi ﬁ? %%ﬁ?f?ﬁ??ﬁ&%ﬁg %Shows an exanple of this
process for ing. a roteln here have be n known a nunber of

variati ors t¢h&¥%¥ %éﬁ%aqﬁﬁﬁﬂ%y )sel ected 56 WD 02/ 053582
PCT/ JPOL/ 10682 therefrom 1 Add 3 m of overnight culture of t ransf or ned
cel s (host: ED &8s PYeEEsE: PIVES UREF Bhothm® BI9RshsY P16 250 M of
RB medium ( 0. 5 o yeast extract, 1@6tryptone 0. 50 Nd, 0 .2 % glucose
(pH 7.5) drietd g JOmEUD=E ati 3perizyirg pnatetciRe dX@HYSGi on of

the fused protein, add 1 nmMof IPTG (the final concentration) and continue
t he i ncubafiiepd protein composed of chitin-binding protein (CBD) bonded

to a target protein via intein (inducible self-cleavage
activity of engineered protein splicing elements) is expressed
and then adsorbed-by a chitin affinity column (New England
Biolabs). 1In elution, the bond between intein and the target
protein is cleaved with a reducing agent such as DTT,
B-mercaptoethanol orcystein (see, for example, Chung-Mo Park,
Jae-Yoon Shim, Song-Sook Yang, Jeong-GuKang, Jeong-Il Kim, Z.
Luka, and Pill-Soon Song, Chromophore — Apoprotein
Interactions in Synechocystis sp. PCC6803 Phytochrome Cphl.
Biochemistry 39: 6349-6356, 2000). In case of applying this
process to the protein components of the present invention, the
protein components are labeled with an adhesive substance other
than CBD-intein too and this adhesive label is used in the
separation of the protein components from the target protein
formed in the in vitro synthesis system.

The following protocol roughly shows an example of this
process for purifying a protein. There have been known a nunber

of variations thereof and an appropriate one may be selected
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for additional 14 to 16 hr at 20C. 3. Harvest the cells by centrifuging
(5,000g, 5 mn). Suspend the cell pellet in lysis buffer (Tris-HCL (pH

8.0) , 5000¢idsdee], 0.1 % Triton X-100, 1 nM EDTA) under paempgaleNg.

Di srupt the cells by sonication. 4. Collect the supernatant by centrifuging
(100, 000g, 30 mn) and filter through a 0.2 nmfilter nmenbrane. 5. Add 20
| of 2 MM DVSOto 1.5 ml of the cell extract. |Incubate on ice for 1 hr and
then apply to a chitin affinity colum. 6. Wash the colum w th buffer (20
nNITris-H%%J%g? 8.0) , 150 nMMNad, 1 nMEDTA, 0. 1 % Triton X-100)

I ncubat e THSUFTS  containing 1 mM of DTT (the final concentration) at 4C

overnight to induc g]e eclbé-cleava e of the intein. Then collect. the
target protei n]t'hﬁdr er?i-ge : ?‘5@%31%?%0%%331:%? hofh%r%%ﬁ?ﬁm% ndi ng® of
protein or peptide fragment to ion exchange resin A._ Poly Arg_and jon
exchange it F57Cndi02Y 858882 WBEHZ PIEN10882 0 Bt Hrlotesé 0 ftotein i s
purified by taking advantage of the phenonenon that a Poly Arg-taggbed '
target prok BBritedrhieH 0-is® cieage@®pbarti vél §rYPECREsdt bed ¥3Fa Eation
exchange resin (for exanple, an SP-TSK HPLC colum) Elution is carried out
by contrafliawse heoH oh. St rengt inddbai® 8SmidkoR - B.2aDetb¥shire, E. Cook,
L. Dunthorne, J. Viney, S. J. Brewer, H M Sassenfeld, and L. D. Bell,
Cheni cal Synt hési §oanddOicenthg etpuePplgn of the fused protein, add 1
oM of IPTG (the final concentration) and continue the incubation
for additional 14 to 16 hr at 20°C.
3. Harvest the cells by centrifuging (5,000g, 5 min).
Suspend the cell pellet in lysis buffer (Tris-HCl (pH 8.0), 500
mM NaCl, 0.1 % Triton X-100, 1 mM EDTA) under ice-cooling.
Disrupt the cells by sonication.
4. Collect the supernatant by centrifuging (100,000g, 30
min) and filter through a 0.2 mm filter membrane.
5. Add 20 pl of 2 mM DMSO to 1.5 ml of the cell extract.
Incubate on ice for 1 hr and then apply to a chitin affinity
column.
6. Wash the column with buffer (20 mM Tris-HCl (pH 8.0},
150 mM NaCl, 1 mM EDTA, 0.1 &% Triton X-100). Incubate in buffer
containing 1 mM of DTT (the final concentration) at 4°C overnight
to induce the self-cleavage of the intein. Then collect the
target protein thus released.
(5-6) Process with the use of binding of protein or peptide

fragment to ion exchange resin

A. Poly Arg and ion exchange resin
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(Arginine) - Coding Gene Fragnent Designed to Aid Pol ypeptide

Purification. Gene 32: 321-327, 1984). The follow ng protocol roughly shows
an exanpl woaf2/osks82 above-descri bed process. There have begietkipoywyegz nunber
of wvariations thereof and an appropriate one may be selected therefrom

1. Add 6 ml of overnight culture of transforned cells (host: E coil,
vector: pw221) to 300 ml of M nediumcontaining 100 g/m of anmpicillin
and incubate to A600=0.4 under shaking at 37C. 2. Add an | AA solution (20

mg/m in et hanc?[lrnl) t&x Sg Jygc@ sfﬁ}?r’ﬁeclqugr% P:Efi)&:l%f ggkgﬂwad\?&n% 0. 1% of

Polymn P (the ncen arvest the cells by centTi fugi ng.

and il Y36 aah PO@%%O%Q#@ o rer ) WIS ST BPOh )‘Whleﬂx“t?rai?)
0%/ 8235’5'21T$§HHP o3 B0l B e 580 oY b¥8%2?ns%a”?%?%%% = 1050

350 T | (G7) RS i EhTRE Gk ety ggneenasiion, rﬁ%“%%ﬁi&%&”“ -
M”E?Qﬁt28%?2235%%”?%3%%%%?%9;?3“ﬁ%%e?ﬁi HERRE L

exanpl e, yFe
. Cook, L. Dunthorne, J. Viney, S. J. Brewer, H. M. Sassenfeld,

and L. D. Bell, Chemical Synthesis and Cloning of a Poly
(Arginine) — Coding Gene Fragment Designed to Aid Polypeptide
Purification. Gene 32: 321-327, 1984).

The following protocol roughly shows an example of the
above-described process. There have been known a number of
variations thereof and an appropriate one may be selected
therefrom.

1. Add 6 ml of overnight culture of transformed cells
(host: E. coli, vector: pWT221) to 300 ml of M9 medium containing
100 pg/ml of ampicillin and incubate to Agoe=0.4 under shaking
at 37°C.

2. Add an IAA solution (20 mg/ml in ethanol) to give a
final concentration of 20 ug/ml.

3. Add 0.1% of Polymin P (the final concentration) and
harvest the cells by centrifuging.

4. Lyse the cell pellet in buffer (40 mM Tris-acetate (pH
5.5), 5 M urea) and dialyze against the same buffer.

5.Apply 0.1mlof the cell extract to an SP-TSK HPLC column

and wash the column by the same buffer.
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203 and Fe304) uniformy dispersed therein and a hydrophilic polyner
coating. By bonding various antibodies to the surface, these beads can be
bonded t oweal2loszgnd proteins. When brought close to a powernfph/iwgnet
(MPC), nmagnetic beads are magnetized and thus attracted magnetically. Wen
the magnet is renoved, the beads are denmagneti zed and di spersed again.

OmM ng to these characteristics, magnetic beads have been used in, for
exanple, purifying cells and proteins. For exanple, it is reported that

peri pheral bl oqd glgx%f?ﬁg¥$§%g%§&§%hgghp-ﬁgobguyﬁé q4gpggfﬁi$ESp@hystyrene

beads (DYNAL) coafe ody (Kanegasaki al, J.Biochem

117: 758- 765(1995)) |1t g, esenic ol NEALLQD: oL o) S Al 30.PoSsi ¢ Guf o | abel
the proteln Conponents’ constituting the reaction system with magnetic

beads anq:thgi%ﬂﬂﬁgnetically elimnate fromthe reaction system That is to
say, such"@ ation of magnetic beads wth a magnet also falls within
the category of the substances nutua igteracting according to the

Ly

present i nveht i OrPCSYs VI3 B2/ 65358 POT/%A7 10682 Now, the present
invention will be illustrated in greater detail bé reference to the
fol | owi ng Exanpihesse Howes epeentnpskeppdensopetiichaeatfe (PupaheRreR 15 not
construed as being restricted to these exanples. [Exanple 1] Preparations
of E.col iD¥NMesdlrevwmitl BrRVEa6tF ofidorsnparidodecii e wodich paostel (&t
(harvested at m d-log phase) were ground with alum na. The ground cells
wer e suspepdéguienr bofééraving magnetizable substances (for example, YFe

,05 and Fe;0,) uniformly dispersed therein and a hydrophilic

polymer coating. Bybonding various antibodies to the surface,

these beads can be bonded to cells and proteins. When brought

close to a powerful magnet (MPC), magnetic beads are magnetized

and thus attracted magnetically. When the magnet is removed,

the beads are demagnetized and dispersed again. Owing to these

characteristics, magnetic beads have been used in, for example,

purifying cells and proteins. For example, it is reported that

peripheral blood B lymphocytes were isolated by using magnetic

polystyrene beads (DYNAL) coated with CD19 antibody (Kanegasaki,

S. et al, J.Biochem. 117:758-765(1995)). In the present

invention, it is also possible to label the protein components

constituting the reaction system with magnetic beads and thus

magnetically eliminate from the reaction system. That is to

say, such a combination of magnetic beads with a magnet also

falls within the category of the substances mutually

interacting according to the present invention.
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A (1 O Hepes-KOH (pH7.6), 10nM Mgd 7, 50nM KC1, 1nM DTT) and al um na and
cell debris were elimnated by centrifugation at 30, OOOg for 1h at 4C.
DNase (dewxyrioessseicl ease) was added to the resultant supaigrgaipailiosks acti on
to give a final concentration of 1 g/m followed by centrifugation at
100,000g for 4h at 4C. The supernatant fraction thus obtained was
referred to as SIOO The pellet was resuspended in the buffer A and the
resul tant suspension was referred to as a crude ribosone extract. From

this crude rib?ﬁﬂPEtﬁég%ﬁg%?ntain%éﬂpiéﬁQHH&F?erﬂf%ﬁ%%?%t%kﬁ?ﬁid%&éﬁ@%

obt ai ned under "a Sucro ensity gradient of 6 to 36% This tight-coupled
ri bosome _ fraction s_centrif d gg] th et yas
suspendedjeltnalfli% sggn\%eﬁﬁ??eerﬂ?gg‘%ﬁ%%ég?%%p %6) ,ﬁog%\]ﬂ%/gOAc, S30rr1\/|
NHACL 7mM ( 3- nercapt get hangl) to_thereby prepare _ti - coupl ed. r.i hosone.
Fig. 1 s%@eﬁ%q({)bggﬁﬁqﬁ‘q}%c%flgﬁgglﬁﬁdelrst 8 succc?nosgggu eCfrjls?ny%gerlé1 ent .
[ Exanpl e 2] 60 WO 02/053582 PCT/ JP01/10682 Construction of plasmds for

[

over expr e gt GHR 4 i &R FU R L% ongation factors and termnation

factors Using E. coli Al9 genone as a tenplate, a gene sequence encoding
EF- Tu gen&Xa#% hptified by PCR to give a DNA fragment having an

EcoRl -recogni ti on sequence at_ the 5 termnus and a  Bglll-recognition
sequence BiieRaee B onsrof fuscothar Hpgsone b= iAot Ahed Yhs i nsert ed

into a plasmd pQE60 (Q AGEN) which had been cl eaved with EcoRl and Bglll.
Thus, " 300gof E.coliAl9 cells (harvested at mid-log phase) were

ground with alumina. The ground cells were suspended in buffer
A (10mM Hepes-KOH (pH7.6), 10mM MgCl,, 50mM KC1l, 1mM DTT) and
alumina and cell debris were eliminated by centrifugation at
30,0009 for 1h at 4°C. DNase (deoxyribonuclease) was added to
the resultant supernatant fraction to give a final
concentration of 1 ug/ml followed by centrifugation at 100,000g
for 4h at 49C. The supernatant fraction thus obtained was
referred to as S100. The pellet was resuspended in the buffer
A and the resultant suspension was referred to as a crude
ribosome extract. From this crude ribosome extract, a

‘ tight—éoupled ribosome fraction was obtained under a sucrose
density gradient of 6 to 36%. This tight-coupled ribosome
fraction was centrifuged at 100,000 g and the pellet was
suspen&edinzﬂbosomebuffer(ZOMMHepes—KOH(pH7.6),6MMMgQAc,
30mM NH,Cl 7mM PB-mercaptoethanol) to thereby prepare
tight-coupled ribosome. Fig. 1 shows the ribosome fractions
under the sucrose density gradient.

[Example 2]
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a vector for overexpressing EF-Tu fused with H's tag at the C term nus was
constructed. Next, E. coli BL21/pREP4 was transfornmed by the vector

obt ai ned algumsssgect ors for overexpressing ot her el ongat ipg/fraficess,
initiation factors and term nation factors were constructed in the sanme
manner. Table 1 summarizes the vectors and restriction enzynes enpl oyed
and the His tag sites. [Exanple 3] Construction of plasmds for

over expressi ng am noacyl -t RNA synt hetase (ARS) and net hi oni ne-t RNA

fornyl ase. (M i !o; CO 9&9&? ASr &sd £ Hﬁ%iaﬁigﬁ%ngﬁp\

encodi ng o D ety PCR tO

\I A c
fragnment havi ng an hl.- recogni tio eqgue 5 termnus and a
Hi ndl | | - reest o el forg il i &gefaaétcg he DNA fragnent thus

obt ai ned was inserte intg.a 8' asmd p 30%% AGEN) whi ch had been cl eaved
with Sphl and N 02F633582 7 PSP IRR 171 0685 PR | P IFRTSS SR VS or for
over expressing al anyl -t RNA synt hetase fuse ith Hs t t.the N .termnus
was constFUREd Y ER%)?tu, IEReJGiT & ;f%;}ﬁ@ggy%éﬁ% %:PaWs\F%F%glégﬁvei%erbtector
obtai ned above. Vectors for overexpressing other ARS and MIF wer

const r ucthalV iy EHeBeghd ~rerReP1tian e TUshAfe? t 24 Che THERLBHE ARMF
restriction enzynes enpl oyed and the H's tag sites, wherein _the plasmds
obt ai ned Bk tresrdb Wl | SEGUENES i 2t BERE pREPAEFEETSSr-i esThEr DNA

BL21/ DE3( pET series) strain. Table 1 ,
fragment thus obtained was inserted into a plasmid pQEG6O

(OIAGEN) which had been cleaved with EcoRI and BglII. Thus,
a vector for overexpressing EF-Tu fused with His tag at the C
terminus was constructed. Next, FE. coli BL21/pREP4 was
transformed by the vector obtained above. Vectors for
overexpressing other elongation factors, initiation factors
and termination factors were constructed in the same manner.
Table 1 summarizes the vectors and restriction enzymes employed

and the His tag sites.

[Example 3]

Construction of plasmids for overexpressing aminoacyl-tRNA

synthetase (ARS) and methionine-tRNA formylase (MTF)

Using E. coli Al9 genome as a template, a gene sequence
encoding alanyl-tRNA synthetase gene was amplified by PCR to
give a DNA fragment having an SphI-recognition sequence at the
5’ terminus and a HindIII-recognition sequence at the 3’
terminus. The DNA fragment thus obtained was inserted into a

plasmid pOE30 (QIAGEN) which had been cleaved with SphIlI and
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62 WO 02/053582 PCT/JP01/10682 Enzynes or factors vector Ntermnal R E
Ctermnal RE site of Hs-tag AlaRS pQE30 Sph I Hind Il N ArgRS pET 16b

Nde | Ban®dd2osds2 ASNRS pQE30. Ban? HI Hnd 111 N AspRS pixl@é/aedile | Xho
| C CysRS pET21 a Nde | Xho | C G nRS pET21 a Nde | Xho | C GLuRS pET21
a Nde | Xho |l C AyRS pET21la Nde I Xho | C Hi sRS pET21 a Nde | Xho I C
I 1eRS pET21a Nde | Hind Il N LeuRS pET21 a Xba | Xho | C LysRS pET21 a
Nde | Xho I C MetRS pET21 a Xba | Xho I C PheRS pQE30 Sph | Hind Il N

0 v oA ot oTRHCT XS | °CHyPRS pefdl % Ke | Ao 1 C
VLS, PETR IR0 o e S ME PETPL, W5 o0y G PR 1

Next, E. coli BL21/pREP4 was transformed by the vector obtained
above. Vectors for overexpressing other ARS and MTF were
constructed in the same manner. Table 1 summarizes the vectors
and restriction enzymes employed and the His tag sites, wherein
the ©plasmids obtained were transformed into E.coli

BL21/pREP4 (pQE series) or BL21/DE3(pET series) strain.

Table 1
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EF-G pQE60 Mun | Bgl Il C EF-Tu pQE6O Eco R1 Bgl Il C EF-Ts pQE60 Nco |
Barn HI C RF1 pQE6O Barn HI Hind Il C Note: RE neans a restriction
enzyme. [vxyandzes24] Construction of plasm d for overexprepsti/menidéHA
pol.ymerase Using T7 phage genone as a tenplate, a gene sequence encoding
T7RNA pol ynerase gene was anplified by PCRto give a DNA fragnent having a
BanmHl -recogni ti on sequence at the 5° termnus and a Pstl-recognition
sequence at the 3' termnus. The DNA fragnment thus obtained was inserted

into a plEskmdspEafors{vdciéEN) [MiteahinabhR he€nemtiaaVRE . visitthoBdis-lagand Pst | .
Thus, a R SQESQ/ JNGH TO087Z VEQLARITI OF OVENeXpr essl ng | T7RNA
IOO: yﬁgrLzziA{-.-m_ et W tT STl (Rl e N TETHE JES] WasS CORETTUCT e, |\Iex]t, E.
coli P4—was—tenstatmeg—bytrhe—vett ptarnetgabove—ExS e 5
Const r uck .Lsfr‘fﬁp! asH ;'QE :) D?"?vap;essi A o }gq eos+de- I\ltfa‘lipp.‘".csp.L.eu rTEi nas]e
(NDK) an ) enzyne pEIZ’ﬁ'J Fng‘fﬂ L_A19 e as a-t . ene
sequence|C¥sRSodi ng NDK|fehélaadVdad i fied P/ PAR to givE a DNA fragnent
havi ng a/®@aRd - r ecogni §pBR2keqldded at t he [Bho tler ni nus |&nd an )
Hi ndl || - [@aB8@ni ti on seqpiEfizka afNthd 3' ter phud. The fragnment |t hus
o_bt ai ned @@glenserted [pED2 8a PliRgNId pQE30 | XASITAGEN) wHicch had been cl eaved
wi th Banfff RO A AT, B086,  |[Nde | Xho 1 C

HleRS pET21la |Nde 1 Hind T N

LeuRS pET2la |Xba 1 Xho 1 C

LysRS pET21a |Nde 1 Xho 1 C

MetRS pET21a [Xba 1 Xho 1 C

PheRS pQE30 |Sph 1 Hind Tl N

ProRS pET2la |Nde 1 Xho 1 C

SerRS pET21a |Xba 1 Xho 1 C

ThrRS pQE30 |{BamH 1 Hind T N

TrpRS pET21la [Nde 1 Xho 1 C

TyrRS : pET2la |Nde 1 Xho 1 C

ValRS pET21a |Xba 1 Not 1 C

MTF pET21a |Nde 1 Xho 1 C

IF1 pQE30 |BamH1 Hind 0 N

IF2 pQE30 [BamHI Hind I N

IF3 pQE30 {BamH Hind Tl N

EF-G pQE60  |Mun 1 Bgl I C

EF-Tu pQE60 |EcoR 1 Bgl 11 C

EF-Ts pQEG6O0  |[Nco 1 BamH 1 C

RF1 pQE60 BamH 1 Hind T C

Note: RE means a restriction enzyme.
[Example 4]

Construction of plasmid for overexpressing TT7RNA polymerase

Using T7 phage genome as a template, a gene sequence
encoding T7RNA polymerase gene was amplified by PCR to give a
DNA fragment having a BamHI-recognition sequence at the 5'
terminus and a PstI-recognition sequence at the 3’ terminus.
The DNA fragment thus obtained was inserted into a plasmid pQE30

(QIAGEN) which had been cleaved with BamHI and PstI. Thus, a
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a vector for overexpressing NDK fused with H's tag at the N term nus was
constructed. Next, E. coli BL21/pREP4 was transfornmed by the vector
obt ai ned algumssdgbasm ds for other enzynmes exenplified i pdirdli@ed (4-2)
at page 31 can be constructed in the same manner, if desired. [Exanple 6]
Overexpression and purification of initiation factors, elongation factors
and termnation factors To overexpress Hi s-tagged EF-Tu (EF-Tu*), the
transformant BL21/ pREP4 cells obtained in Exanple 2 were growmn in 6 1 of
LB mediumuntil the optical densit 6 t1al 2
P DPOLVESRES 1670V R R S b b7 s Ly A s b ORI O
(1 sopropyl-I-thio-(3-D gal act osi de as added to give a.final
concent r &4 di*of (‘f.gfwg{hsndqaish&ﬁ’ i m%e\%asdlg%ﬁﬁ]%i n%'edc?j;lr éaLdr%i/tﬁRoEnPaéjl 4 hr
at 37C. The cells were harvested by centrifugation, resuspended in
suspensi oW s TEwRA P pls K@-‘F%%f%fﬁ")”}eq?l\ﬁ% , 10i M Myd 2, O.
3nmg/ M lysozynme, 0.1% Triton X-100, 0.2nM PVMSF (phenyl net hanesul f onyl
fluoride), 6mM (3-nercaptoethanol) and di srupted by sonication. Cel
debris were elimnated by centrifugation at 100, 000g for 1 hr at 4C. The
obt ai ned SiFeHNR ant was applied to an Nit pre-charged 10 nml Hi-Trap
chel ating col um (Pharmacia) and washed with 100 ml of HT buffer (50nM
Hepes- KOMqrRHZcu@)ion 1 M NHAC2 STHORM M1 2)0 VekRHRI 98 $11d 0 M oS ¥A%lazol e.
Then EF-Tu* was eluted from the colum under a |inear gradient of
i m dazol ediggneesiiatad i loinadd (WK ACnarM) tlonteiseteds n t he HT buffer. The
EF- Tu* fractions

Using E. coli Al9 genome as a template, a gene sequence

encoding NDK gene was amplified by PCR to give a DNA fragment
having a BamHI-recognition sequence at the 5’ terminus and an
HindIII-recognition sequence at the 3’ terminus. The DNA
fragment thus obtained was inserted into a plasmid pQE30
(QIAGEN) which had been cleaved with BamHI and HindIII. Thus,
a vector for overexpressing NDK fused with His tag at the N
terminus was constructed. Next, E. coli BL21/pREP4 was
transformed by the vector obtained above. Plasmids for other
enzymes exemplified in (4-1) and (4-2) at page 31 can be

constructed in the same manner, if desired.

[Example 6]

Overexpression and purification of dinitiation factors,

elongation factors and termination factors

To overexpress His-tagged EF-Tu (EF-Tu*), the
transformant BL21/pREP4 cells obtained in Example 2 were grown

in 6 1 of LB medium until the optical density (ODsss) attained
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thus purified were collected and di al yzed agai nst stock buffer (50nM
Hepes-KOH (pH 7. 6) , 100mM KC1, 10vM Myd 2, 30 o glycerol) . The
concent r afvigapr/083ssb he purified EF-Tu* was det erm ned based pcamypa/sisgndar d
curve formed by using the Bio-Rad protein assay kit using BSA (bovine
serum al bum n) as a standard. The obtained EF-Tu* was quickly frozen in 1
m aliquots in liquid nitrogen and then stored at -80C. Other His-tagged
el ongation factors, initiation factors and term nation factors were

ified in th . Ei . sh 0s- P tt f
Fr et agadtt Tac o T SHok WG naf P RCCGOTHTRT B T T el B 2 et vi i es
d ti trati f th 65 WO 02/ 05 2 -
i's- tngo@if S AHRES TR Fac dreat fnoPrp it BT Vi ar e e en ) were
measured with the use of a DHFR nRNA in vitro _translation stem ( Exanpl e
17 provi A& Heei Hate@r FouspAgt tao8gst AmPCoittaiti by all eofcq%éf* 92+ and

| F3* as a positive. control, incubation was carri,ed out for 3 in.in
systems NAMGTHET EYpeeRFTeIPAREL gk &?%ﬁﬁ%}%éﬁ& PHBRSP AR gﬂura%ﬁqe\fe

activities of DHFR thus forned were conpared (Fig. 3A) . nely, the
activiti e @l EapepirEOHaget: ¢ )i E-M&{H48grr)f1a%%¥(’fgcam 8-3ua( gﬁrﬂﬂ%ﬁﬁ%ﬁ'

referring the activity of the positive control as to 100. As a result, it
was conf iGied Tehapntfrel THER - ¢ RMST fpegel laethreeppi fpRY ki g yistedms
corresponded to 1/2 or less of the positive control, which indicates that
all of |y B+k@tcaphdetE3hohaved Gisagptedioy. s Fecaptomufed drtdmirat i ons
of the His-tagged initiation factors were neasured by translating in

were eliminated by centrifugation at 100,000g for 1 hr at 4°C.

The obtained supernatant was applied to an Ni®" pre-charged 10

nl Hi-Trap chelating column (Pharmacia) and washed with 100 ml

of HT buffer (50mM Hepes-KOH (PH7.6), 1M NH4Cl, 10mM MgCl:)

containing 10 mM of imidazole. Then EF-Tu* was eluted from

the column under a linear gradient of imidazole concentration

(10 to 400 mM) contained in the HT buffer. The EF-Tu* fractions

thus purified were collected and dialyzed against stock buffer

(50mM Hepes-KOH (pH 7.6), 100mM KC1, 10mM MgCl., 30% glycerol) .

The concentration of the purified EF-Tu* was determined based

on a standard curve formed by using the Bio-Rad protein assay

kit using BSA (bovine serum albumin) as a standard. The

obtained EF-Tu* was quickly frozen in 1 ml aliquots in liquid

nitrogen and then stored at -80°C. Other His-tagged elongation

factors, initiation factors and termination factors were

purified in the same manner. Fig. 2 shows 12% SDS—-PAGE patterns

of His-tagged factors (stained with coomassie brilliant blue).

The activities and optimum concentrations of the
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an in vitro systemunder constant conditions but varying the concentration
of each initiation factor and neasuring the relative activity of DHFR thus

formed (Rv@ 02883582 In Fig. 3B, 0, A and " respectively shew/iphg10das a of

| F1*, 1F2* and I F3*. [Exanple 7] Overexpression and purification of

Hi s-tagged ARSs and MIF Transformant BL21/DE3 cells for overexpressing

H s-tagged Ser tRNA synthetase ("*" neans "Hi s-tagged”) were grown in 2 1
of LB mediumuntil the optical density (0D660) attained 0.7. To the

culture, J.PTG_ 66 02/ 053582 1/ 82 . Wi
(i soprop 9T arﬁ%%%/grﬁé%?g%?%s?%§g%s(%g ’edI % Sln\(}elgg’f'i nal "con®
concentration of 0. and incubation was conti ueﬁHﬁi}?r dditi.qnal 4 hr

mv
at 37C . The da99edier SRRt B DY Bt PPEgat Fon peddédfin

suspensi on buffer, (50nmM Hepes- KOH (pH7.6),. 1 NH4C1 0 a.2,

0. 3ng/ n HBATGZAARE OR G YERSTY i(F?Sﬁle?Lo’g’,4 r§oY %%@ﬁewﬁéﬁﬁwh@ﬁé?ﬁ f onyl
fluoride) , 6 nmM J3-nercaptoet hanol% and_di %ru ted by sonication. Cell
debris wer SYSLHH FRER BTG/t Phgafion at210 ,dcﬁg for AP 4C. The

obt ai ned supernatant was applied to an Ni2+ pre-charged 10 ml Hi -Trap
chel ati ng@dliamh (Pravhatial ¥A8 crddied Witth 490 AP BERHEDLESEETS0 v
Hepes-KOH (PH7. 6) , 1 M NH4Cl1 10 nM Myd 2) containing 10 nM of
i m dazol e.aciery SerspediNA ey Hetalseon Weacted 1t ednd ridmnt & dldmt iifder a
| inear gradient of imdazole concentration (10 to 400 nM contained in
the HT bufdtervi tThes SErDHFNAhEY Midreteasedr € canbhord tHugs 3A) . Namely,

the activities of the His-tagged initiation factors were

determined by referring the activity of the positive control

as to 100. As a result, it was confirmed that the DHFR yield

in each of the IF*-lacking systems corresponded to 1/2 or less

of the positive control, which indicates that all of IFl%, I1F2*

and IF3* have the activity. The optimum concentrations of the

His-tagged initiation factors were measured by translating in

an in vitro system under constant conditions but varying the

concentration of each initiation factor and measuring the

relative activity of DHFR thus formed (Fig. 3B). In Fig. 3B,

@®, A and B respectively show the data of IF1*, IF2* and IF3*.

[Example 7]

Overexpression and purification of His-tagged ARSs and MTF

Transformant BL21/DE3 cells for overexpressing
His-tagged Ser tRNA synthetase (“*” means “His-tagged”) were
grown in 2 1 of LB medium until the optical density (ODesgo)

attained 0.7. To the culture, IPTG
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purified were collected and di al yzed agai nst stock buffer (50 M Hepes- KOH
(pH 7.6), 100 mM KC1, 10 nM MyCl2, 30% gl ycerol) . The concentration of
t he puri fiwehomesssh RNA synt het ase* was determ ned based orpg/phandss d curve
formed by using the Bio-Rad protein assay kit using BSA (bovine serum
al bum n) as a standard. The thus obtained Ser tRNA synthetase* was quickly
frozen in 1 m aliquots in liquid nitrogen and then stored at -80C. Fig.
5 shows a chronat ogram of the Ser tRNA synthetase* thus obtained. O her
ARS* and MIF were overexpessed and purified in the 67 WD 02/053582
PCT/ JPOL/ 1io%®2r oORGHe! maihkeT P~ 47 L & Ehovie 11 2% Sspeo9pAGECpat Ve rast g1+ he
H s-tagged factors and enzynes (stained w th -coomassie gr.i | 1i ag bl ue) .
Two band<CHCH Y RGONGIPHE RIFM oBEEr VIRF IR LY. W8S aF8RELB1GRabIF to t he
fact that these enzynmes have a2 and 02 types. Fig. 6 indicates that these
H s-t aggeastidiacionasl dndhensammes’wer e olfthe nedléachiaite ahhirgRspadi iy
[ Exanpl e 8] Overexpression and purification of H s-tagged T7RNA pol ynerase
Tr ansf or et BLUIPREPA, celf¢susRndrer elpr eSS PRNS 11s - 8%}9@%%‘? T7
pol ymerase ("*"means "Hi s-tagged") were grown in 6 1 of LB nediumuntil
t he opti dapeerKOH y(KOD660) latt dFHned, 10 72 FylGlhe Gubmafel I PF@yme,
(i sopropyl -1-thio-p-D-gal actoside) was added to give a final concentration
of 0. 1 nM Bhdriihoubati@h, OwasMcBWS I npdenfydmeaddingisoAdlong 1hflwear3iFD., The
cells were harvested by centrifugation, resuspended in suspension buffer

6 mM B-mercaptoethanol) and disrupted by sonication. Cell

debris were eliminated by centrifugation at 100,000g for 1 hr
at 4°C. The obtained supernatant was applied to an Ni®*
pre—-charged 10 ml Hi-Trap chelating column (Pharmacia) and
washed with 100 ml of HT buffer (50 mM Hepes—-KOH (PH7.6), 1 M
NH,C1l, 10 mM MgCl:) containing 10 mM of imidazole. Then Ser
tRNA synthetase* was eluted from the column under a linear
gradient of imidazole concentration (10 to 400 mM) contained
in the HT buffer. The Ser tRNA synthetase* fractions thus
purified were collected and dialyzed against stock buffer (50
mM Hepes-KOH (pH 7.6), 100 mM KCl, 10 mM MgCl:, 30% glycerol).
The concentration of the purified Ser tRNA synthetase* was
determined based on a standard curve formed by using the Bio-Rad
protein assay kit using BSA (bovine serum albumin) as a standard.
The thus obtained Ser tRNA synthetase* was quickly frozen in
1 ml aliquots in liquid nitrogen and then stored at -80°C. Fig.
5 shows a chromatogram of the Ser tRNA synthetase* thus
obtained.

Other ARS* and MTF were overexpessed and purified in the
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(50 MM Hepes-KOH (pH7. 6) , 1 M NH#M4dQ, 10 nM MC12, 0.3ng/mM | ysozynme, O.
1% Triton X-100, 0. 2 mM PMSF ( phenyl net hanesul fonyl fluoride),

6mM 3- nerng@pi/egtdranol ) and di srupted by sonication. Cell pdehpiraossar e
elimnated by centrifuging the disrupted cell suspension at 100,000g for 1
hr at 4C . The obtained supernatant fraction was applied to an Nt
pre-charged 10 mM Hi-Trap chel ating col um (Pharnacia) and washed with 100
m of HT buffer (50 MM Hepes- KOH (PH7. 6) , 1 M NH4Cl, 10 nM Myd 2.)

cont ai ni i m dazol e T7 y S 6 / 053582
PCT/\JPOII'S%E51§8Qn ed ﬁgm t(%elﬁg rmﬂt}lﬁdggg Eﬁ;ﬁe rat%s: Seﬁ(% oFgf%m dazol e
concentr tlo 10 to

pol yrkrelr)a f F?ggﬁ ongaf:%ugspu?n ;[Zé nZGd elesncf){lsl egyfmlglthd;rg yéeé agal nst
t KOH 7 mvi 2, .30%
;I Sger O:J;Drggifﬂgaegggiﬂ??at i OF° 5%‘ O%)%]rYf +d a?‘?é}%éép%s?y v’gd&/\é

determ ned based on a standard curve forned by using the BI 0-Rad protein
assay ki Figsi AgaBsAasphenprhbeskr udhal bt Mhaks B e rdardiesTha vebfai ned
T7RNA  polynerase* was quickly frozen in 1 nl aliquots in |I%UI d nitrogen
and t henastioPadtwres 80C LI ejslnsﬁzAaaﬁd Brahowre sh tbrattogriands fTeFtoRE T7RNA
pol ynmerase* thus obt ai ned. npl e 9] Overexpression and purification of
Hi s- t aggesINBRZaRE Sotie&e OB @yﬁa@ﬁ Te&hs Bér et IBLPYLAREPA cel |'s for
overexpressing Hi s-tagged NDK ("*" neans "Hi s-tagged”) were grown in 2 1
of

[Example 8]

Overexpression and purification of His-tagged T7/RNA polymerase

Transformant BL21/pREP4 cells for overexpressing
His-tagged T7TRNA polymerase (“*” means “His-tagged”) were grown .
in 6 1 of IB medium until the optical density (Qngﬁ attained
0.7. To the culture, IPTG (isopropyl-l-thio-pf-D-galactoside)
was added to give a final concentration of 0.1 mM and incubation
was continued for additional 4 hr at 37°C. The cells were
harvested by centrifugation, resuspended in suspension buffer
(50 mM Hepes-KOH (pH7.6), 1 M NH,Cl, 10 mM MgCl:, 0.3mg/ml
lysozyme,O.l%TritonX—lOO,O.21®4PMSF(phenylmethanesulfonyl
fluoride), 6 mM B-mercaptoethanol) and disruptedby sonication.
Cell debris were eliminated by centrifuging the disrupted cell
suspension at 100,000g for 1 hr at 4°C . The obtained
supernatant fraction was applied to an Ni** pre-charged 10 ml
Hi-Trap chelating column (Pharmacia) and washed with 100 ml of
HT buffer (50 mM Hepes—-KOH (PH7.6), 1 M NH,C1l, 10 mM MgCl:)

containing 10 mM of imidazole. Then T7RNA polymerase* was
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LB nmediumuntil the optical density (0OD66¢c) attained 0.7. To the culture,
| PTG (i sopropyl -1-thio-(3-D gal actoside) was added to give a final
concent r atviga/083s89. 1 MM and i ncubati on was continued for peddipbi/eueed 4 hr
at 37C- The cells were harvested by centrifugation, resuspended in
suspensi on buffer (50 mM Hepes-KOH (pH7.6), 1 M NH#H4d, 10 MM MyCl2, O .
3nmg/ M lysozyne, 0.1% Triton X-100, 0.2 nM PMSF (phenyl net hanesul f onyl
fluoride), 6 mM 3-nercaptoethanol) and 69 WO 02/ 053582 PCT/ JP01/ 10682
di srupt ed ! i | _debri re.elim T ion at
Byesonieahi o ol hmdelihs, ver e gLl aledby ofentiddugal

100, 000g e obtained supernat action was applied to
an Ni "+ pre-charged. 10 H - Tra hel at i ol u ( La) washed
W th 100 ST PR Bolfr B (B0 WA Fepeco koM Tkt e B RIREAEL, 0" mu
Md 2 ) ining 10 nM of im.dazole. Then NDK* was eluted fromthe
o umm A 79 i e A s PE 0GBt EEE | GRL (16T 00 m
contained_in the HT buffer. The NDK* fractions thus uri fied were
col | ect eod%ﬁyﬂ?%l%&%Hq%Ba?%?kﬁ%ﬁ?rbu(%foemgﬁpeﬁwpgpégﬂK (pH% 6) |
100 mM KC1, 10 nmM MgCl2, 30% %I ycerol) . The concentration of the purified
NDK* was WtErhi nddl BhIEH lon S8%sPaNasraleur VeSf 6PRetR by bsPhPt N Bi o- Rad
protein assay kit using BSA (bovine serumal bum n) as a standard. The
obt ai ned PWNDKELo@<T RNA oy e 26e ' Was detarpied £ased cgup o mrtdkén and
then stored at -80C. OQther Hi s-tagged enzynes exenplified in (4-1) and
(4-2) at pagee owead hy olstiaiongbei Piehkad aneo tmiina@ssay kidessied. BSA
(bovine serum albumin) as a standard. The obtained T7RNA
polymerase* was quickly frozen in 1 ml aliquots in liquid

nitrogen and then stored at -80°C. Figs. 12A and B show

chromatograms of the T7RNA polymerase* thus obtained.

[Example 9]

Overexpression and purification of His-tagged NDK and other

enzymes

Transformant BL21/pREP4 <cells for overexpressing
His-tagged NDK (“*” means “His-tagged”) were grown in 2 1 of
LB medium until the optical density (ODgso) attained 0.7. To
the culture, IPTG (isopropyl-l-thio-B-D-galactoside) was added
to give a final concentration of 0.1 mM and incubation was
continued for additional 4 hr at 37%C.

The cells were harvested by centrifugation, resuspended
in suspension buffer (50 mM Hepes-KOH (pH7.6), 1 M NH,Cl, 10

mM MgCl,, 0.3mg/ml lysozyme, 0.1% Triton X-100, 0.2 mM PMSF

(phenylmethanesulfonyl fluoride), 6 mM f-mercaptoethanol) and
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[ Exanpl e 10] Construction of DHFR gene and preparati on of mRNA By addi ng an
H ndl Il sequence and a BanH sequence respectively to the 5 and 3

term ni, vobIFROBEs2hydr of ol ate reductase) gene ori gi nati ngPCTVJEMIA06S2 Was
anplified by PCR.  The gene contained a T7 pronoter upstream of a

ri bosonme-binding site with the "epsilon sequence” originating from 70 WD
02/ 053582 PCT/JP01/ 10682 bacteriophage T7 gene 10 foll owed by a

Shi ne-Dal garno (SD) sequence. This DNA fragnent was cloned into a plasm d

vector pUCL8rclakasa SWaAQL i oA .t efeil eRfdHid oM §ibr SMRI1 il ol aspid  was

used as a tenplate i'n run-off transcription or in vitro transcription
coupl ed transhalion with .t e dise of IZRNA ;polyrgrase. Jhe AL Yit o
transcrlﬁglgn re cg!on Was car’rledaf OJFNQf QZ% for 3 hr”. The reaction
et CBLLoGRRL! SO DRIt (Al Bhe 2 Mg g o] !
o rels e B el a PO el B AP0t M BE, oy
Give a1 FRaPUIEohodntt AP GRS BOTRME TG e | HIGCaBE AUnGR JHG lekt ract ed
s, pur | FPEdaby Lgi 18 BN SHATGOFPPTEat | G PIEEG) AREN L hee £C08 BRce wi th
the protocol recommended by the manufacturer. ,

column under a linéar gradient of imidazole concentration (10

to 400 mM) contained in the HT buffer. The NDK* fractions thus

purified.were collected and dialyzed against stock buffer (50

mM Hepes-KOH (pH 7.6), 100 mM KC1, 10 mM MgCl:, 30% glycerol).

The concentration of the purified NDK* was determined based on

a standard curve formed by using the Bio~Rad protein assay kit

using BSA (bovine serum albumin) as a standard. The obtained

NDK* was quickly frozen in 1 ml aliquots in liquid nitrogen and

then stored at —80°C. Other His-tagged enzymes exemplified in

(4-1) and (4-2) at page 31 can be obtained in the same manner,

if desired.

[Example 10]

Construction of DHFR gene and preparation of mRNA

By adding an HindIII sequence and a BamHI sequence
respectively to the 5’ and 3’ termini, DHFR (dihydrofolate
reductase) gene originating in E.coli was amplified by PCR.
The gene contained a T7 promoter upstream of a ribosome-binding

site with the ‘“epsilon sequence” originating from
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[ Exanpl e 11] Construction of MFL nRNA To obtain a tenplate for MFL nRNA, a
DNA sequence AUGUUCUUGUAA (translated into fMet-Phe-Leu-Stop;

f or myl met wiconvossssphenyl al ani ne-1 euci ne-stop codon; her ei radfTtePo1/1@Berred to
sinply as MFL) was constructed as 71 WO 02/ 053582 PCT/JP01/ 10682 foll ows.
An oligonucleotide A: 5 -TAtgttcttgtaac was annealed w th another

ol i gonucl eotide B: 5 -TCGAgttacaagaaca to give a double-stranded DNA
cont ai ni ng Ndel and Xhol sequences. Next, this DNA was cloned into the
Ndel and pdwlesid@sagd @7 phassi do vecteepER9a (I¥ovagen)1 gthe o egiit ant
plasmd transcribed as in the above-described case of DHFR gene. [Exanple
12] His-t & naagy piRNA-syRbRetAse Addad ihes AGhlyéhiesrftor

Hi s-tagged ARSs (am noacyl -t RNA" synt hetases) were neasured as foll ows.
Each reacliors Mot sh30h1) £epprised Polywotnbyhbe! {see Jiransiation
experinments) containing 1 nMof ATP, 2.8A -c,0 units of t m X

(Boehrin 0 2( 1 i.d, _.a : i,fied

ot aggeds ARET RS e tare Tt S e & e

am noacyl.-t R were precipitated o filter, iffere j bation
times and vas erdlpwjt%rpco%al%% o%t r?%?ﬁ %f%%/ic% igﬁatill 3&1%10IUIS%\/\AE%Ir b}lﬁﬁ\g\

measur enent. of the radjoactivit One unit .of . the ag%%vit¥smas def|ned as

the amourt® O $HE® enzyms Tapgdbyetr Of TaYREASI I PR prisi™ 8PS S0y | - t RNA
per mnute. Table 2

out at 42°C for 3hr. The reactionmixture (1ml) comprised 40mM

Hepes-KOH (pH 7.8), 20 mM of MgCl;, 1 mM of spermidiné, 5 mM
of DIT, 2 mM each of ATP, UTP, CTP, and GTP, 20 ug of the
SmaIl-treated template plasmid, 50 pug of BSA, 1.78 units of
PPiase (pyrophosphatase) and 10 pg of His-tagged TT7RNA
poiymerase thus purified. To cease the reaction, EDTA
(ethylénedinitrotetracetic acid) was added to give a final
concentration of 50 mM. The mRNA thus obtained was extracted
with phenol/chloroform and then precipitated with ethanol.
Next, it was purifiedby using an RNA purification kit (QIAGEN)
in accordance with the protocol recommended by the

manufacturer.

[Example 11]

Construction of MFL mRNA

To obtain a template for MFL mRNA, a DNA sequence
AUGUUCUUGUAA {(translated into fMet-Phe-Leu~Stop;
formylmethionine-phenylalanine-leucine-stop codon;

hereinafter referred to simply as MFL) was constructed as
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shows the results. Table 2 72 WO 02/ 053582 PCT/JP01/10682 Enzynmne
Concentration (g/l) Specific activity (U g) Necessary units (50l reaction)
Al aRS 13 W0 @45382gRS 10 1300 130 AsnRS 30 ND ND AspRS 22C3LPol/B©s2 CysRS
25 500 31 GInRS 36 330 63 GluRS 26 150 94 GlyRS 30 520 250 HisRS 30
1600 31 I11eRS 20 63 130 LeuRS 22 940 190 LysRS 35 580 190 MetRS 27 3000
310 PheRS 23 15 63 ProRS 16 120 63 SerRS 17 1000 94 ThrRS 19 200 63
TrpRS 11 600 31 TyrRS 22 1800 31 ValRS 20 1700 156 MIF 12 230 230

[Exanple:§§ﬂlows. An oligonucleotide A: 5f—TAtgttcttgtaac was annealed
with another oligonucleotide B: 5’—TCGAgttacaagaacé.to give a
double-stranded DNA containing NdeI and Xhol sequences. Next,
this DNA was cloned into the Ndel and XhoI sites of a plasmid
vector - pET2%9a (Novagen). The resultant plasmid transcribed

as in the above-described case of DHFR gene.

[Example 12]

His-tagged aminoacyl-tRNA synthetase activities

Activities of His~tagged ARSs (aminoacyl—-LRNA
synthetases) were measured as follows. Each reaction mixture
(50 1) comprised polymix buffer (see translation experiments)
containing 1 mM of ATP, 2.8RA:¢ units of tRNAmix (Boehringer),
50uM of each labeled amino acid, and each purified His-tagged
ARS. Reactions were carried out at 37°C and radioactive
aminoacyl-tRNAs were precipitated on 3MM filters at different
incubation times and washed with cold 5% trichloroacetic acid
followed by the measurement of the radicactivity. One unit of
the activity was defined as the amount of the enzyme capable
of synthesizing 1 pmol of aminoacyl-tRNA per minute. Table 2

shows the results.

Table 2
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H s-tagged nethionyl -t RNA transfornyl ase activities Activities of

H s-tagged MIFs were neasured as follows ("*" nmeans "His-tagged"). Each
reaction Wwioxi2usssst 50 a 1) conprised polym x buffer (see tpc@angbhaideen
experinments) containing 1mM ATP, 2.8 A260 units of tRNAm x (Boehri nger),
50 Mof [3H |abeled nethionine, 0.5 g of

10-fornyl -5,6,7,8,-tetrahydrofolic acid, 3000 units of MetRS, and MIF*.
Reactions were carried out at 37C and unfornylated nmethionyl-tRNAs were
deacyl ated in buffer containing 0.175 M of CuSO4 and 0.5 Mof Tris-HCl
(pH?7. 5) fBAzymd|Cbnaéntion Gug/iB| SPerifid o35G R)/ ctPSaryhO68 Z50 Raekictia) | ve

fornmyl -nm “TRNAS WeT € crprrated on TITLers and was W th
Ty : WEECT P A

cold 5% tAr oacetic—act ul ] | owed F]B(ﬁo TEAQSUT enEnt of —tte 130

radi oact ipHEy Ye—tHt—oef—ag tHy—was—defhpgas—the—amotmt—of—ehzyne

capabl e S@%ﬁf sizing-1-—p “pf f nriprllg_rretl oyt RNA-per—m-rutey Tabl e

2 shows tﬁéPR$e ults (the Iaé?- J‘OIJJr’m\ rFXrﬂTP e 14] Trancl atlrlnum‘o
experi men€gskYeher al _proceduP8) Transiation 3¥Pktures (50 1) were glepared
by sl i ght{GnRSoli fyi ng pol ynB&| buf fer enpl 088] by Jel enc et al. ($979) and
Wagner et{GRIRS ([L982) The pol ga) x buffer contidoped 5 nM of nagnesi%m
acetate, [GIy§ O] potassium phgsphate (m—w 3)52095 MM Of pot assi ums0
gl ut amat HiL rvof—ammomi UIII7SU oride; WNO@ cat CI om Cnl ori 06,31 L nM of

-

i di af ot acai 22 el SN

28ﬁ{g} g:a ﬁbeSﬁ ;}TJ-ATEuHJvou 35 it —rivt-of A Eactr—reactton LLE7 ) r e
LeuRS 22 940 190
LysRS 35 580 190
MetRS 27 3000 310
PheRS 23 15 63
ProRS 16 120 63
SerRS 17 1000 94
ThrRS 19 200 63
TrpRS 11 600 31
TyrRS 22 1800 31
ValRS 20 1700 156
MTF 12 230 230

[Example 13]

His-tagged methionyl-tRNA transformylase activities

Activities of His-tagged MTFs were measured as follows

(“*” means “His-tagged”). Each reaction mixture (50 u 1)
comprised polymix buffer (see translation experiments)

containing 1mM ATP, 2.8 Aze units of tRNAmix (Boehringer), 50

M of [*H] labeled methionine, 0.5 ug of

10-formyl-5,6,7,8,-tetrahydrofolic acid, 3000 units of MetRS,

and MTF*. Reactions were carried out at 37°C and unformylated

methionyl-tRNAs were deacylated in buffer containing 0.175 M

of Cuso, and 0.5 M of Tris-HCl (pH7.5) for 8 min at 30C.
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mM of GIP, 10 mM of creatine phosphate, 2. 8 A260 units of tRNAmM x, 0.5 g
of 10-fornyl-5,6,7,8,-tetrahydrophilic acid, 1 nMof each of amno acid
and the feei@ssesx as will be described hereinafter. |In qasepoi/i06s2
transcription coupled translation reaction, 1 mM of each NTP and 4 nM of
magnesi um acetate were further added to the above reaction m xture. The
factor and enzynme m x conprised 12 pnol of ribosone, 1 g of IF1*, 2 g of
| F2*, 0.75 g of IF3*,1 g of EF-G*, 2 g of EF-Tu*, 1 pg of E F-Ts*, 0.5 ¢

To 500 untdGOenth el bR T oihe d PR R T 115

of nyokin MK)__and Q 54 .9, of LSl i at e . ki * DK) .
In case ofls]teiié\?lsscaﬁ%?’iagr?e owﬁfg'leldc??%ﬁgsﬂ g ﬁgﬁlgkgggéeg% %%léff%%?)e‘{qse(ed\land 0.5
g of T7R | ymerase* were further dded.. Among the factors .enzymes,
t hose mar%% 'W&?ﬁlreﬁi%ﬁt 839% © orfe .Oaﬁgc vflirEDn’ ¥t HIr%g ?A%raecq;lqg’clu ated at
37C for 5 mn,_then tepplate DNA or RNA was added and reaction wa
started. “aF QAFASDAS ecaé?‘?qrbtdoﬁu?néifm%ﬁp%%teep% ﬁ%ngﬁﬁffrﬁ?%nﬁof t he
reacti-on, ribosone having high nol ecul ar weight was_fjrst | i m nated by
passi ng tBROught &£ QAR EIRS EHERT 0 e lste WAt e a Cabiort %fo"ﬁso %ﬁ)a
Next, the fraction having passed through the ultrafiltration nenbrane was
appl i ed tecshlte cohenhrahdot®us) the His-tag fusion proteins were
el imnated. The conponent passing through the colum was the transl ation
product having a high purity which showed a single band in SDS-PAGE. The
S30 system enployed in the foll ow ng experinents

[Example 14]

Translation experiments (general procedure)

Translation mixtures (50 pl) were prepared by slightly

modifying polymix buffer employed by Jelenc et al. (1979) and
Wagner et al. (1982). The polymix buffer contained 5 mM of
magnesium acetate, 5 mM of potassium phosphate (pH7.3), 95 mM
of potassium glutamate, 5 mM of ammonium chloride, 0.5 mM of
calcium chloride, 1 mM of spermidine, 8 mM of putrescine and
1 mM of DTT. FEach reaction mixture contained 1 mM of ATP, 1
mMMxEGTP,lOIﬂdofcreatinephosphate,2.82&60units<1ftRNAmix,
0.5 ug of 10—forﬁyl—5,6,7,8,—tetrahydrophilic acid, 1 mM of
each of amino acid and the factor mix as will be described
hereinafter. 1In case of transcription coupled translation
reaction, 1 mM of each NTP and 4 mM of magnesium acetate were
further added to the above reaction mixture. The factor and
enzyme mix comprised 12 pmol of ribosome, 1 pg of IFl*, 2 ug
of IF2*, 0.75 pg of IF3*,1 ug of EF-G*, 2 pug of EF-Tu*, 1 ug

of EF-Ts*, 0.5 pug of RF1l*, 0.5 pg of RF3*, 0.5 pug of RRE*, 30
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was purchased from Pronega and translation was carried out in accordance

with to the protocol recomended by the manufacturer. [Exanple 15]

Expr essi owoof2/08z882 ous proteins After confirmng the acti virdrerooiosshe
H s-tagged constituents of the reaction system, an in vitro protein
synthesis systemwas constructed as in Exanple 14 with the use

02/ 053582 PCT/JP01/ 10682 of Hi s-tagged T7RNA pol ynerase. Using this

synthesis system full-length polypeptides of E. coli DHFR X-lysozyne,
w@@_%q%{'it%%tgaﬁ%@%%r@wﬁbhz obransfienasei hGSI) (@and 17

gene 10 protein were synt

green fl

measur ed

synt hesi s 'sys

sl zed and the yield of each product was

-o.@ﬁygm%agggﬁpégét {)h%@)“%hgﬂ-o.T@éugiéf Ras10seRq-d Addahddat the

resent’ “invention contains all of the

t'he

ComPoneTSIAn TR hf SANALEOR L EXAIDE Fod Moubed (L)ool K Fe)

system a
cont ai ni
units of

of

was synt

His-tagged ones. Reaction mixtures were lncubated at

5min, then template DNA or RNA was added and reaction was started.

. Translation was carried out at 37°C. After the completion of

the reaction, ribosome having high molecular weight was first
eliminated by passing through a ultrafiltration membrane with
a cut-off of 100 kDa. Next, the fraction having passed through
the ultrafiltration membrane was applied to an Ni column and
thus the His-tag fusion proteins were eliminated. The
component passing through the column was the translation
product having a high purity which showed a single band in
SDS-PAGE. The S30 system employed in the following experiments
was purchased from Promega and translation was carried out in
accordance with to the protocol recommended by the

manufacturer.

[Example 15]

Expression of various proteins

After confirming the activities of the His-tagged
constituents of the reaction system,. an in vitro protein

synthesis system was constructed as in Example 14 with the use

75

75 WO

zed in an 1n vitro reaction

Fery (U pol y "(Pe)” vias. . |
Tl HREGP HTBE ESRN ] OaTi 16 At GhTT 18| BROSNA 8152 aA2Fo

t i X, 1 nmM of [14C] | abel.ed henyl ni nd & f m X.
The fact&Fﬁgégfcgﬁpgﬁhg%el acg#ﬁﬁ Spdrﬁﬁéggﬁ%{ ?ﬁgs%Pgiﬁ?%?, 2 g&%q{EF-Tu*
1 g of EF-Ts*, 60 units of PheRS*, 0.2 g of creatine kinaseBQQ%Qfoél 15 g



nyoki nase (MK) and 0.054 g of nucl eotide di phosphate kinase* (NDK*) .
Anmong the factors and enzynes, those marked "*" nean Hi s-tagged ones.
React i on wioxiussssawere i ncubated at 37C for 5 min, then Da/@mbupeky (U
was added and reaction was started. Poly (Phe) was sanpled in 8 | aliquots
wi th the passage of tine and precipitated on 3MMfilters with 10%
trichioroacetic acid. Am noacyl-tRNAs were deacyl ated at 85C and washed
with 10% 76 WD 02/ 053582 PCT/ JP01/10682 trichloroacetic acid followed by
the maas%fﬁ@Lt%{ggﬁgdg?W?\ﬁﬁt%%lﬁerggé'.sz g d enBt sont el st hes JArgst

product was con ansl ation réeactions” as described above,

th ti t j f . EF-G&, EF-Tu* * i

exzm-t ﬁfngt“‘ﬁ%—ﬁs%fﬁ%ié‘%iﬁé‘%ﬁl%s L%e Fr ottt SR Eys B, MnD ned by
constant condition t i t ] i i

factor. hﬁﬁd%ohrfs(a@r?ts PRt (s i ea SRR R ERR, g Bhp RAED RORORSN

and N s t he .I es

ta_of .EF-G, EF;Tu*. EF- Ts*, tivel h
t he dgpa g?ﬂﬁq%5P§?gﬁé?°§§%ﬁﬁ%@FEeFﬁggﬁénK%Eo%éyﬁ%§@$$ é§%#%§§§#%% g;sten1
according to the present_. invention d wth th ta.in th
tr anlsl at gﬁhs ﬁ%%ﬁ?e% t Hihe 19s & Sf“’s\t,\ﬁbgs%gglﬁ%graﬁhuﬁ gl.et aa(sg)ﬂeg%v\g t he
result. t hough the reaction stopped aft 20 mn in_ the latt t
(0). t he GIHGT KA (ioteddia SEPAReRREar YA o ACFAPRBISYSLGN I I9E pr esent

invention (). [Exanple 17] ,
invention contains all of the components required in

translation.

[Example 16]

Poly (U)-poly(Phe) synthesis

Poly (U)-poly (Phe) was synthesized in an in vitroreaction
system as follows. Each reaction mixture comprised polymix
buffer containing 1 mM of ATP, 1 mM of GTP, 10 mM of creatine
phosphate, 2.8RA: units of tRNAmix, 1 mM of [*'Cc] labeled
phenylalanine, and a factor mix. The factor mix contained 12
pmol of ribosome, 1 ug of EF-G*, 2 ug of EF-Tu*, 1 ug of EF-Ts*,
60 units of PheRS*, 0.2 ug of creatine kinase (CK), 0.15 pg of
myokinase (MK) and 0.054 pg of nucleotide diphosphate kinase*
(NDK*) . Among the factors and enzymes, those marked “*” mean
His-tagged ones. Reaction mixtures were incubated at 37°C for
5 min, then 5 pug of poly(U) was added and reaction was started.
Poly (Phe) was sampled in 8 pl aliquots with the passage of time
and precipitatedcnlEWWfiltersvﬂijllO%trichloroaceticacid.

Aminocacyl—-tRNAs were deacylated at 85°C and washed with 10%
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Activities of termination factors and ribosone recycling factor Activities
of termnation factors (RF1*, RF3* and RRF*; nanes "Hi s-tagged") were
measur ed @er@rodssag to Pavrov et al. (8) with slight nodifiggtjpeirioesReacti on
m xture (50g 1) were prepared based on the polym x buffer used in the
transl ation experinment. Each reaction mxture conprised 1 nMof ATP, 1 nmM
77 WD 02/ 053582 PCT/JP01/10682 of GIP, 2.8A260 units of tRNA mix, 1 mM of
phenyl al ani ne and [|eucine, 50 prmol of fornylmethionyl-tRNA prepared by
using [35S ] . radi oactjve nethioni and a His- ged factor and e yme m X
(descri bed HEHe AR IC. TR aétogﬁoéf’r?@ e ne ﬁ‘g EERpHTSEE™ @ of

ri bosome, 1 g of |F1*, 2 of |F2*, 0, 75 Vtg_of IEF3*, 1 g
of EF- TwLadiQpefiertys Thsy §hef fgpgation %f g6t tREFRE @g%g‘ﬁc%fwaﬁ?F* 50
units of PheRS* and 300 units of LeuRS*. RF1*, RF3* and RRF* were each
renoved feanitried. factor and enzynme mix dependi ng on the purpose to give
respective reaction mxtures. Each reaction m xture was pre-incubated at
37C for 5min, amd thentiagsbetifh FRNALHASS addedscs iogic isdoeeyhdhe
translation. The reaction mxture was sanpled in 51 aliquots wth the
passage ofptimmen andrezci rsdnpne @As Etded t BFtHe* savsl vBFufie* ofvelreN HCL to
cease the reaction. Further, 200 pl of ethyl acetate was added to elute
the tripeptédei{ddhby ansanthend adioaedlywiklye wagiebdsin ethen h wi t4a qui d
scintillation counter. The activities of the termnation factors RF1*, RF3*
and RRF*raweriel sleasysednbyindsimg@tsiantyi tondt tamss abuan veystiem ftdre

concentration of each elongation factor. Fig. 7(A) shows the
results thus obtained. In Fig. 7(A), @, A and B show the data
of EF-G*, EF-Tu* and EF-Ts*, respectively.

Further, the data of the poly(Phe) synthesis in the
above—-described reaction system according to the present
invention were compared with the data in the translatilon system
with the use of the S100 extract. Fig. 7(B) shows the result.
Although the reaction stopped after 20 min in the latter system
(O), the reaction proceeded even after 40 min in the system

of the present invention (@).

[Example 17]

Activities of termination factors and ribosome recycling factor

Activities of termination factors (RF1*, RF3* and RREF*;
“+7 manes “His-tagged”) were measured according to Pavrov et

al. (8) with slight modification. Reaction mixture (50u 1) were

prepared based on the polymix buffer used in the translation

experiment. FEach reaction mixture comprised 1 mM of ATP, 1 mM
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synt heti c nRNA encodi ng f Met - Phe-Leu-Stop (fMFL). Nanely, fML nRNA was
translated in a systemcontaining RF1*, RF3* and RRF* as term nation
factors (W0 02805383t em cont ai ni ng RF1* and RRF* (), a systrEmvIPoni@sni ng
RF1* and RF3* (A), a system containing RF1* alone (0), a system containing
RF3* and RRF* (0) and a systemfree fromany termnation factor* (RRF*
too) 78 WO 02/053582 PCT/JP01/ 10682 () and the yields were neasured. Fig.
4 shows the results. In Fig. 4, the peptide synthesized in the first cycle

cor respongs ¢fp ab@uéAggg%f’@én&f‘ {86 Yn B S1 e SYSieny 1 Lomaldifg RF1Y,

RF3* and RRF (0) shows allnear increase in the fIVFL y|eId vmththe

passage of o{d e, \eé@ %lquhg Bl 1 ol bR ﬁreﬁQge%

activities conpar syst ens. In t e system | ac i ng FEFl* (0) ,

no pepti dg, YO Res) s w QGEUd ande[ g'z(ﬁ Ehﬁlﬁyféf%{% Cé‘do'}gaﬁﬁ':* » N0

i bosome "recycling occurre synthesis contalnlng

[358] rret oni ne,_ nt he by.. usi.n the in vitro trans] at.i system
accordi ng (%%scflﬁje %@2%6% lna{%ﬁeﬁtl oryghgné ‘g}_ﬁ% haer%d CHARSal T on 8y art e%%\n th the
use of the S30 system (Pronega). Each product was separated by 12%

SDS- PAGE %%Mluﬁ‘lfd%hi%%wm%uf]i &HeO%&Fﬁacr%*é%odaelgéf‘ (2476%&!1‘50%%0}%%“8) and
detected by a BAS-1000 system (Fuji Film foll owed by the neasurenent of

t he radi ohdtd Wift $F-Bi'g. 28¢R)0T Sovs*vhé Hesef tiFofs trhé’ sepdrat ifnt by
SDS- PAGE.
0.5 ug of RF3*, 0.5 nug of RRF*, 50 units of PheRS* and 300 units

of LeuRS*. RF1*, RF3* and RRF* were each removed from this
factor and enzyme mix depending on the purpose to give
respective reaction mixtures. Each reactlion mixture was
pre—-incubated at 37°C for 5min, and then 1 ng of MFL mRNA was
added to initiate the translation. The reaction mixture was
sampled in 5 ul aliquots with the passage of time and each sample
was added to the same volume of 1 N HC1 to cease the reaction.
Further, 200 pl of ethyl acetate was added to elute the
tripeptide (fMFL) and the radioactivity was measured with a
liquid scintillation counter.

The activities of the termination factors RF1*, RE3* and
RRF* were measured by using an in vitro translation system for
synthetic mRNA encoding fMet-Phe-Leu-Stop (fMFL). Namely,
fMFL mRNA was translated in a system containing RF1*, RF3* and
RRE* as termination factors (@), a system containing RF1* and
RRF* (+), a system containing RF1* and RF3* (A), a system
containing RF1* alone (M), a system containing RF3* and RRF*

(O) and a system free from any termination factor* (RRF* too)
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On the other hand, the activity of DHFR was nmeasured as follows. In a
reaction m xture containing 50nM pot assi um phosphate buffer (pH7. 0) , 50
M of DHF wai dxpdssstol ic acid) and 60 M of NADPH (reduced mcaaponansszie
adeni ne di nucl eotide phosphate), DHFR was synthesized at 30C and the
decrease in 79 WO 02/053582 PCT/JP01/10682 A340 was neasured every 1 mn.
Fig. 8(b) shows the results. Fig. 9 shows the reaction processes in the in
vitro translation systemaccording to the present invention and the S-30
system | ngt.he. i, ¥t i m af; th n i ion (0) ,
Pg& gnd.tﬁgengﬁagné 9@‘&%@%@?&&. %ﬁgg %h?ﬁ8§§ the f@gﬂiﬁ . (0)

t he react procee even after m nut es, e the DHFR yi el d

attai ned fhe gpeak giter,20 JOQULES Lhnth8siPed0 System (Firsfo &yard ne

energy consunption, nucleoside triphosphate was hydrol yzed in einvitro

transi at ggﬁ(gr%%ogga@%@ Ut 01 g f1e BResenthaventlen . andyd { e o 30

system ysSis  in each systemwas nonit In the f W ng
manner- whil e conparing the _data. g FR t enpl at.es, .transl ati on was
carried JR™FH-R ‘i’:ﬁF&% ’r’rintg’gr @@dcﬁﬁgi (ﬁg%ﬁw%ﬁ?lﬂ?ﬁr&nﬁ?’as3t“337c.
Each react.io ixture was sappled in 2 | aliquots, .with the passage of tine
and each E@ﬁr&h@lﬁ/\é{%e é’dtflogggop?ss%?e Yo 'E'hé\g}"d.m ﬁ%ﬁg??\et Stures
were spotted on_ a  pol yethy|eneimne TLC plate and the reaction products
vere develbpediin i half‘%emﬁ%le %‘?V%.g@m BF DB BEST UnTTHIUSD a‘fjet}blﬁ'@é T (pH
3.75) . After air-drying, the TLC plate was covered with a plastic wap
and aut orsigh ographdd. thEgEyIe®Aewk ingeRFEsU@s, no peptide synthesis

occurred. In the systems lacking RRF* (AM®), no ribosome

recycling occurred.

[Example 18]

DHFR synthesis

DHFR containing [*°S] methionine was synthesized by using
the in vitro translation system according to the present
invention and another translation system with the use of the
S30 system (Promega) . Each product was separated by 12%
SDS-PAGE {(sodium dodecyl suflate ©polyacrylamide gel
electrophoresis) and detected by a BAS-1000 system (Fuji Film)
followed by the measurement of the radiocactivity. Fig. 8(A)
shows the results of the separation by SDS-PAGE.

on the other hand, the activity of DHFR was measured as
follows. In a reaction mixture containing 50mM potassium
phosphate buffer (pH7.0), 50 uM of DHF (dihydrofolic acid) and
60 UM of NADPH (reduced nicotinamide adenine dinucleotide

phosphate), DHFR was synthesized at 30°C and the decrease in
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wherein the data of the S-30 systemare given left while the data of the

i nvention systemare given right. In the S-30 system ATP was decreased

wi th the pasragsssof tine, while the anount of ATP was naipdTaiPasthes: an

al nost constant level in the system according to the present invention. 80
WO 02/ 053582 PCT/JP01/10682 To purify the DHFR synt hesized, ribosone was
elimnated by using an ultrafiltration nenbrane with a cut-off of 100 kDa.
Next, all of the H s-tagged conmponents constituting the reaction system

were el imnated deagsgée%@ge%&ey r e3¢t on giXt @re) LRLoEgRna Rkekelk scol um.

The reaction m xtur ore passing through the nickel colum and the

product obt ai nﬁ%ga.f ter R \%: {%%e tggaocucg%r} E‘ﬁ%&%%s c%'ugﬂevxqrne Hevel oped by

12% SDS- PAGE a stai ne coon|ssi e ows the results

wh [ I 1 stands f t h K far . '
mxtur 6 T L CARIS 61 CCRE S oRTe CORRRYE RO AGLr g™ Erat (1

rrtThe p S I'n t he

product was_ obt ai ned a si ngl e, band. ampl e 19], Val i resi due

i ncor por atioh SEY S8y f@%}ﬁ ég‘siﬁ ?fﬁ%ﬁa%‘%(?glgono?Y%E%%rop{]ofg?ipornesoﬁnt

unnat ural am no aci % In the in vitro translation system according to the
present i¥veariom dM ai ragREBQ Propeargd e fadgedty V48l P Sbst i tut e
for RF1* as a termnation factor, a DHFER tenplate, .in which Asn at the

37- posi t i'BH-YATARC BHER) Y hadd hieler B dhteB ek nt ot tAE L BdOH - SRas™ thiHhs| at ed
by using a chem cally synthesized valyl suppressor tRNA. As a result, a
truncat eSpioteysten (@) .

To examine energy consumption, nucleoside triphosphate
was hydrolyzed in the in vitro translation system according to
the present invention and in the S-30 system. The hydrolysis
in each system was monitored in the following manner while
comparing the data. Using DHFR templates, translation was
carried out in reaction mixtures containing [o-?°P] ATP or GTP
at 37°C. Each reaction mixture was sampled in 2 pl aliquots
with the passage of time and each sample was added to 150 pl
of 10% formic acid. Then the mixtures were spotted on a
polyethyleneimine TLC plate and the reaction products were
developed with the use of 0.75M of potassium phosphate buffer
(pH 3.75). After air-drying, the TLC plate was covered with
a plastic wrap and autoradiographed. Fig. 10 shows the results
wherein the data of the $-30 system are given left while the
data of the invention systemare givenright. Inthe S-30systemn,
ATP was decreased with the passage of time, while the amount
of ATP was maintained at an almost constant level in the system

according to the present invention.
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termnating at the 37-residue was synthesized in the sanple containing
RFI* (Fig. 11, lane 2) , while a faint band assignable to this truncated
protei n wa® @sssyed in the RF1*-free system (containi ng raa/mRBR)o68Fi g. 11
| ane 3) . By incorporating RF2* 81 WO 02/053582 PCT/JP01/10682 thereinto,
a protein product was observed at the same position (Fig. 11, |ane 4) as
normal DHFR (Fig. 11, lane 1) . Based on these results, it was confirned
that the valine residue attached to suppressor tRNA had been i ncorporated
into the 37-posid pari rof + DEARir NUSTRIAL oAPPLE 6ABblk Ta By 1liatieldteg pr ot ei n
conponents constituting a reaction system individual protein conponents

constit utdngstRg ak @AGO1 1SYSieMCABNBLasH el vh BUELE 1 edr aFd1 dHuD =3
reaction ‘system contam nated with no unknown conponent can be

established .. MLegvels ity HeGoOes,poss Rlgddienaly &Qngaﬁwin&%scﬂ@e a

target protei’n thus synthesized at a high purity. Although it has been

poi nt ed qut, Lihat, Li,0onpl yeacehar s oaGhPosL<eaRtaldedate; elisand cel|

extracts exert various undesira s as endotoxins on |1ving body,

(here 12 GrQEHn S8 oL hel AP sse LESS s0chehardL e separaled 1o

target p _ ~Fowever , § probl'em can SO _ _

v ng 1 0 THEEET LB SHeh Co1 SR PRGBS e ree T B CAI kion

Corrponenttslr’lroauc_;heacclr}ei %r}'Lchae bc%l%?nr};[ iwg%%ddgyfgiogeldogg 12% SDS-PAGE and
stained with coomassie blue. Fig. 14 shows the results wherein
lane 1 stands for the markers, lane 2 stands for the reaction

mixture and lane 3 stands for the products (DHFR), indicating

that the product was obtained as a single band.

[Example 19]

Valine residue incorporation by valyl suppressor tRNA (model

of incorporation of unnatural amino acid)

In the in vitro translation system according to the
present invention containing RF2* (“*” means “His-tagged”) as
a substitute for RFl* as a termination factor, a DHFR template,
in which Asn at the 37-position (ATA codon) had been converted
into UAG codon, was translatedby using a chemically synthesized
valyl suppressor tRNA. As a result, a truncated protein
terminating at the 37-residue was synthesized in the sample
containing RF1* (Fig. 11, lane 2), while a faint band assignable
to this truncated protein was observed in the RF1*-free system

(containing no RF2) (Fig. 11, lane 3). By incorporating RF2*
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time, for exanple, 2 hr or longer even in a batch system Furthernore, it

is regarded as theoretically possible to increase the volune of a reaction
m xture. @D 005882053582 PCT/JP01/ 10682 Using a flow systreyJpohiesBeact i on
can be continued for a longer tinme, which enables the practical production
and purification of a protein in an in vitro reaction system That is to
say, this process nakes it possible to economcally supply certain enzynes
whi ch have been hesitantly applied to nedical treatnents because of high

cost. As @ desults, the-apRk heatd Al KRARIEHLOE PR LAkl 8ahaBM S tidh the
adm ni stration of enzynmes, which are enployed as a substitute for at |east

a part of .gene ;4 her 4§Ufafseﬁ!>9ﬂairl9@ﬂ“@_ technical 1phebhem igsgedisery, can
be broadened. According to the present invention, a system containing

term natitgge%%lggghitgn ~@w5§fa85{kgtﬂn@a {ﬁgﬁ%glgfﬁfi&%/%%' aggt&%ﬂ!f&i nitely

est abli sh usfi'bosone pl ays can easily an ectively

pr Oduced'toglrjrs]rlfﬁ%q:re@)sr S t&%&Abﬁégr?gen %%Ségrgio%att%ﬂﬁﬁoaé%grﬂ—%&s { GQf porate

unnat ur al acl residu 0 desired positions. nventl onal cell-free
protein §%€Hgﬁ@%s systens with the use of prokaryotic cell extract suffer
froma probl hat the stability of an nRNA is seriously | owered when
transcription and translation are not carried out sinultaneously. In
contrast, a reaction of translating an mRNA can stably proceed in the

reacti on system of the present invention.
INDUSTRIAL APPLICABILITY

By labeling protein components constituting a reaction
system, individual protein components constituting the
reaction system can be surely purified and thus a reaction
system contaminated with no unknown component can be
established. Moreover, it becomes possible thereby to easily
isolate a target protein thus synthesized at a high purity.

Although it has been pointed out that lipopolysaccharides
(LPSs) contained in cells and cell extracts exert various
undesirable effects as endotoxins on living body, there is a
technical problem that these LPSs can be hardly separated from
target peptide products. However, this problem can be solved
by using the in vitro peptide synthesis system according to the
present invention.

Owing to the establishment of a reaction system free from
any unknown components, a reaction can be continued over a long
time, for example, 2 hr or longer even in a batch system.
Furthermore, it is regarded as theoretically possiblé to

increase the volume of a reaction mixture.
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After the conpletion of genone anal yses, the mainstream of nol ecul ar

bi ol ogi cal studies is now switching over to gene analyses. Under these

ci rcunst awoer/053382 reacti on systemof 83 WO 02/ 053582 PCRCIRPLI/1BGEB2 t he
present invention, which quickens gene expression and identification of
protein products and thus facilitates exam nation of gene functions,
considerably contributes to advances in scientific technol ogy. Reference
1)Crowe, J., Dobeli, H, GEntz R., Hochuli, E., Stuber, D., and Henco, K

(1994) . 6xHi s-N NTA chigma phxh%sraaéba%w £ECAR: GuE,dd

r ecombi nant proteln expre55| /purlflcatlon ods Mol Bi ol 31 371 87.
2)Fbchull bel. r I ate
adsor bent se?eg%? I ?b( eln%ﬁ%%%@§ thedgé%'céﬁﬁél |néﬂﬁaﬁgﬁ%our¢ng
hlstldlne res dues rona r 411 177 B. nd
Johnson, %! ﬁEkﬁﬁ F§)Ot I%ﬁniﬁﬂﬂf? gfﬂﬁga %%ﬂyHSE Pdeéﬁ%xpressed

in Escherlchla coli_.as _fusions on S—transfer
31- 40. 841%00%7‘565%2%5 W%%TF%@@%@E& E?é goﬁ%’r“%é@ ?Lé’rsu Ge'deSCuci ng a
B DNA | i HRCRGEAAE S NEH tr SRSPRFAD e UL F GRBISa Drod s het T on |
system treatments because of high cost. As a result, the application
range of medical treatments with the administration of enzymes,
which are employed as a substitute for at least a part of gene
therapy suffering from a technical problem in delivery, can be
broadened.

According to the present invention, a system containing
terminafion factors and a termination factor-free system can
be definitely established and thus ribosome displays can be
easily and selectively produced. Furthermore, it becomes
possible to more accurately incorporate unnatural amino acid
residues to desired positions.

Conventional cell—freé protein synthesis systems with
the use of prokaryotic cell extract suffer from a problem that
the stability of an mRNA is seriously lowered when transcription
and translation are not carried out simultaneously. In
contrast, a reaction of translating an mRNA can stably proceed
in the reaction system of the present invention.

After the completion of genome analyses, the mainstream

of molecular biological studies is now switching over to gene

analyses. Under these circumstances, the reaction system of
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of translating an RNA in vitro characterized in that a part or all of
protein conponents constituting the reaction systemare |abeled with one
of a pai rwafo2gakseances adhering to each other and the otdtavipsubwssance of
the pair is used as an adsorbent for capturing said |abeled protein
conponents after translating. 2. The process for producing a peptide or a
peptide derivative as clainmed in claiml, wherein a plural nunber of

conbi nati ons of said substance used for | abeling a part or all of the
protei n conpopeBtaneonshidittiiong tihei dieaghi OReSY SHEREWRr 5lidns ubsd ance
used as an adsorbent for capturing the lI'abeled protein conponents are used
in the pr%&?@ifi@caﬁf&j pro?e§§ofc%ﬁnpr19fw&\h@wgs a RRPL LHEs OF £ £ PORL es

derivative as clainmed in alm 1, wherelin the protein conponents | abel ed

wi th Onea%aﬁim%o@fo%gggﬁggﬁshg%gc%n@gh%ﬂg%&a%a co‘}}e?f‘lrblﬁre% apart or

all of f ors and enzy transcription or translation reaction.

4. The pro ‘ggscégrilprgg%g%&g{&p@g&%rgglg a peptide derivative as clained
in claims3; erein’ sai actors an ené{fmas for the transcription or
transl atilgn reaction are selected fromthe group consisting of initiation

factors, “efYrYAtTon factors, termination factors, aminoacyl-tRNA 85 WD .
02/ 053582 PCT/ JP01/ 1068 synt het gse,  net.hi onyl -t R ransfarnyl ase and RNA
pol yner ask! “BWhe! pr Frort -pr g%ﬁ%i%g&{a'pgélcpamréa’ p%f)@% a£?j'e’ri vative
as claimed in claim1, wherein the protein conponents |abeled with one of
a pair of2i®hEesgestandds *4dnep ¥t Tt itk chromatography as a superlor

technique in recombinant protein expression/purification.
Methods Mol Biol 31, 371-87.

2)Hochuli, E., Dobeli, H., and Schacher, A. (1987). New metal
chelate adsorbent selective for proteins and peptides
containing neighbouring histidine residues. J Chromatogr 411,
177-84.

3)Smith, D. B., and Johnson, K. S. (1988). Single-step
purification of polypeptides expressed in Escherichia coli as

fusions with glutathione S-transferase. Gene 67, 31-40.
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other are the factors and enzynes for the transcription or translation
reaction and other enzynmes required in the constitution of the reaction
system 6wolh@sgmsocess for producing a peptide or a pepti deET/Pe1/1068L | ve as
claimed in claim5, wherein said enzynes required in the constitution of
the reaction systemother than the factors and enzynes for the
transcription or translation reaction are selected fromthe group

consi sting of enzynmes for regenerating energy in the reaction system and
enzynmes for hydrolyzing inorganic pygepgosphoric acid fornmed during the
transcription or translation reaction. 7. The process for producing a

pept i de of 2 pantige e At rye B3ophahited J Noehel MLlo.her i e

reaction system for “transcri to a NA and then"transl ating

he RNA duced he. ' . ' . j A i
e o A s 0 Y e oo on, A e ifae |

ro6cess produci ng a peptide or a

e frofitertin ctior's. “8. “ffie *pro " 'pr odu .

Cohst ancdt BkariTgeD Saut Brer ave St nGe Rt BPry e 2o ntlide ng i n
ffinit h t iphy. 9. Th . f duci n tid

pepti de 6 WBHGAR0S38827FEF JB0 1766557 BeF T var £ v ‘o Lrk At T n i ai m 8,

wherein the conbination of said subs%agc%s tually interactiqg in
af fi ni ty 2chPEnRE BbF p PR 6t CRH S bHE ARBNd ¢ 6B TaPPoRES bF T &tbst ances

capabl e of formng a bond between a.protein or a ,
labeled with one of a pair of substances adhering to each other

and the other substance of the pair is used as an adsorbent for
capturing said labeled protein components after translating.

2. The process for producing a peptide or a peptide
derivative as claimed in claim 1, wherein a plural number of
combinations of said substance used for labeling a part or all
of the protein components constituting the reaction system with
said substance used as an adsorbent for capturing the labeled
protein components are used in the process.

3. The process for producing a peptide or a peptide
derivative as claimed in claim 1, wherein the protein components
labeled with one of a pair of the substances adhering to each
other are a part or all of factors and enzymes for the
transcription or translation reaction.

4. The process for producing a peptide or a peptide
derivative as claimed in claim 3, wherein said factors and
enzymes for the transcription or translation reaction are
selected from the group consisting of initiation factors,

elongation factors, termination factors, aminoacyl—-tRNA
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pepti de fragnent and a netal ion, a bond between an antigen and an

anti body, a bond between a protein and a protein or a peptide fragnent, a
bond bet wa@w2a5p8ot ei n and a specific | ow nol ecul ar wei glCTePIPO0SBTI
selected fromthe group consisting of am no acids, DNAs, dyes, vitamns
and lectins, a bond between a protein and a saccharide, or a bond between
a protein or a peptide fragnment and an.ion exchange resin. 10. The process
for producing a peptide or a peptide derivative as clainmed in claim9,

wher ei N st Y d)ahk@n 1 6hy 1 SEbShaneess f OF iy Ngs @ abenriNheloeer @ .ot ei n or
a peptide fragnment and a netal ion consists of histidine tag and a ni ckel

conpl ex or a capal treoPteXesdlfod Ffr@ﬁ@@%@ hopeproduciong A igptide or a
peptide derivative as clained in claiml, wherein a pair of said

subst anc%rai‘;gae{ikf%aé%leﬁ%&iﬂ@la%&?l suhst-ances,dpgneti caldnporadhelring to

each ot her. It of protein conponents for a reaction system for

produci ng 4 PER! 1A 06-R BEPLIMe: Ae54 VAl ¥BLRY hEBESEELDE Ay & i Lo an

RNA and then translating the produced or translating an RNAin vitro
Comonent i Eondlit U Ba tRe ta7 50D 67 60s8e 2 0PCT TPOTFIOBE T ok T on
ons St | Mo BT HZ oG "E 48 OPCOA CP B &1 ARSI AW TRCHne B A pai r of
E:Jg;s;ggciecfp% h__eg#tgi%é oogatcktge O%Qaeétiolé'sﬁ]ceenlf.it of protein conponents as

6. The process for producing a peptide or a peptide
derivative as claimed in claim 5, wherein said enzymes required
in the constitution of the reaction system other than the
factors and enzymes for the transcription or translation
reaction are selected from the group consisting of enzymes for
regenerating energy in the reaction system and enzymes for
hydrolyzing inorganic pyrophosphoric acid formed during the
transcription or translation reaction.

7. The process for producing a peptide or a peptide
derivative as claimed in claim 1, wherein the reaction system
for transcribing a DNA into an RNA and then translating the RNA
produced or the reaction system translating an RNA in vitro is
free from termination factors.

8. The process for producing a peptide or a peptide
derivative as claimed in claim 1, wherein a pair of said
substances adhering to each other are substances mutually
interacting in affinity chromatography.

9. The process for producing a peptide or a peptide
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wherein said protein conponents are selected fromthe factors and enzynes
for the transcription or translation reaction and other enzynes required
in the cowsxaztoasison of the reaction system 14. The kit a@fCTprrot/eicse
conponents as clained in claim13, wherein said factors and enzynes for
the transcription or translation reaction are selected fromthe group
consisting of initiation factors, elongation factors, term nation factors,
am noacyl -t RNA synt het ase, nethionyl-tRNA transfornyl ase and RNA

pol ymer asg, r ikpat e &d te10fi U PLi§] R 16GAMPBNERHSE rasn Ctak NEBEb Th &t £ J8,
wherein sai d enzymes required in the constitution of the reaction system

other thap, the fagiors,and enﬁ%ﬁ%ﬁ@f the ARSI Ptisgn Oraf£ANSE@ti on

reaction are selected fromthe group consisting of enzymes for

regener ali\g NSl gY, p;;}@thfs rsg%c;gé;%sg%&m Ul £V, 101 gk 0l y2i ng

i nor gani ¢ pyrop ic aC| ranscrlptlon or

t | at t t f t |
12" it OS?%??%%S?”%%?% L5 ento Pl Eat 3?1%%3*3% o %epm‘?%lﬁﬂnp%e%? N
| abel ed wi t ft bst 02/ 053582

PCT) JPOLITREES (' e oEhar> mf%ﬁ?hinﬁ.”af SRR EONADREREE B ol ai mec

inclaiml12 mhlch conpri s pl ural nmher of conbi natlons or. irs of
Sl 0 CSUl ARed A PoT S BelRG BAE IR it P ke it sinest TR

fragment, a bond betwegn a protein and a specific low-molecular
weight compound selected from the group consisting of amino
acids, DNAs, dyes, vitamins and lectins, a bond between a
protein and a saccharide, or a bond between a protein or a peptide
fragment and an ion exchange resin.

10. The process for producing a peptide or a peptide
derivative as claimed in claim 9, wherein said combination of
substances forming a bond between a protein or a peptide
fragment and a metal ion consists of histidine tag and a nickel
complex or a cobalt complex.

11. The process for producing a peptide or a peptide
derivative as claimed in claim 1, wherein a pair of said
substances adhering to each other are substances magnetically
adhering to each other.

12. A kit of protein components for a reaction system
for producing a peptide or a peptide derivative by transcribing
a DNA into an RNA and then translating the RNA produced or
translating an RNA 1in vitro characterized in that the kit

comprises a part or all of protein components constituting the
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conponents constituting the reaction systemw th said substance used as an
adsorbent for capturing the |abeled protein conponents. 1 8 . The product
produced W @2lva3382ocess of any one of claim1l to clai m 1PC18®01/10682

reaction system and that the protein components are selected
from the group consisting of enzymes and factors which are
labeled with one of a pair of substances adhering to each other.

13. The kit of protein components as claimed in claim 12,
Wherein.said.protein.components are selected from the factors
and enzymes for the transcription or translation reaction and
other enzymes required in the constitution of the reaction
system.

14. The kit of protein components as claimed in claim 13,
wherein said factors and enzymes for the transcription or
translation reaction are selected from the group consisting of
initiation factors, elongation factors, termination factors,
aminoacyl-tRNA synthetase, methionyl-tRNA transformylase and
RNA polymerase.

15. The kit of protein components as claimed in claim 13,
wherein said enzymes required in the constitution of the
reaction system other than the factors and enzymes for the
transcription or translation reaction are selected from the
group consisting of enzymes for regenerating energy in the
reaction system and enzymes for hydrolyzing inorganic
pyrophosphoric acid formed during the transcription or
translation reaction.

16. The kit of protein components as claimed in claim 12
which comprises an adsorbent for capturing the protein

components labeled with one of a pair of the substances adhering

88



WO 02/053582 PCT/JP01/10682

to each other.

17. The kit of protein components as claimed in claim 12
which comprises a plural number of combinations or pairs of said
substance used for labeling a part or all of the protein
components constituting the reaction systemwith said substance
used as an adsorbent for capturing the labeled protein
components.

1 8. The product produced by the process of any one of

claim 1 to claim 11.
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