1 NETHOD EOR OBTALNING D.N.A. R N A PEPTI DES POLYPEPU DES OR PROTESANSS GebA!

D.N. A. RECO 4BI NAN] T TECHNI QUE The present inyention has as its object a
process for obtaining DNA, RNA, peptides, pol}/pept.i des or proteins, through
use of transformed host cell s containing genes capable of expressing these
RNAs, peptides, polypéptides, or proteins; that is to say, by utilisation
of reconbi nant DNA techni quiETHPRFOR AERAINING Daleb. RN-baPEPEIDES: at t he
production of stochastic geFSIPEPTIDES PR FRATFNSSER dhBife REIGMBINANT

fashi on to permt _obt%@%ﬁ%m si nul t aneousl vy, after transcriptior
and translation of these genes, a very large nunber (on the order of at

| east 10' 000) of conpletely new proteins, in the presence of host cells
(bacterial or eucaryoti-c) containing these genes respectively capable of
expressi ng thesﬁ'_‘ﬁr oPEEReNtanknyentiony has wmiser itserobject e@ i processcr fon

anong the said g inl er de ] [ : 0 :
proteinS with bg;???‘ééid;rgggh i%lgh,' f 3{%;5&%{2 g&rlﬁegr%men%%ng#?g?ems'
catal yt™, anti §gﬁp@,ghphﬂﬁﬁac%f odiransfopneperhosts eellisgananhaining ngeres
general |y, chencapablle ashegk hal G € kel € 4 '

also has as its a?ﬁ roqedureﬁ%gsggga?%f%qﬁgﬁggs, (o} Dlgg-ggr M#ﬁ?ﬂes,
utilizable prop8Ft PFEOYINE Fhatentsato SA¥end¥ Mhiligatdion f fgcombinant
properties. |t DNAclteahnigherefore, that the invention is open to a very

| arge number of applications in very many areas of science, industry and
medi ci ne. The process for production of peptides or polypeptides according
to the inventi ofhes thuentieni zaiimén imatpayteiqulaiicat Sthel tpreduationi nof

thevsane ”Edi_unhtgsﬂgﬁt%i'cgenes'zor fragments of stochastic genes in a
fashion to permit obtaining simultaneously, after
transcription and translation of these genes, a very large
number {on the order of at least 10°'000) of completely new :
proteins, in the pre_senéé of host cells (bacterial or
eucaryotic) containiné' these genes respectively éapablé of
expressing these proteins, and to carry out therafter a

_selgction or screen émohg the said clones, in order to
“determine which of them produce proteins with desired
properties, for exemple structural, énzymatic, catalytic,
a#tigenic,_ pharmacdlogic,' or pi'operties of li'ganding, and
| more generally, chemical, biochemical, biological,
% properties.

The invention also has as its aim procedures to obtain,
sequences of DNA or RNA with utilizable properties notably
chemical, biochemical, or bioldgical properties.

It is clear, therefore, that the invention is open to a
very large number ‘of applicatibhs in very many areas of
science, industry and medicine. | |

The process for production of beptides or polypeptides
according to the invention is characterized in that one
produces simultaneously, in the same medium, genes which



are at least partially conposed of synthetic stochastic pol ynucl eoti des,
that one introduces the genes thus obtained into host ~ cells,
t hat one cul tivates sinultaneously the independent clones of the
transforned host cells containing these G§enes in-'such a nanner so as to

I th hggt i b duct f _th
xprossed B adh oretFos PataAtaY | EONBrESS, Faf i b c o SRR BRRIR | on
and/ or scr@@ri-lmeQifeQﬁ"!@QSonethot t 1ogmesf oinbxbdosesceltlhe i ngeneannd:lhum
identify tptRaiclddes PheJUC pBghept | lgr pOk,_?/.‘Q%ptl havh'ﬁﬁﬁ%at"e@t

one desired . activity, that one therea fsol ates the ¢l ones thus

i dentified s&ﬂlﬂ']tb@d’(e%’rﬁellbuﬁibﬁvaﬁtfé?nmnb lenes ef Ifémt te'ﬁass@pme@e or

pol ypept i dhds&VIdﬂﬂ§1%diﬁlﬂrPIri§39£ﬁé/se Idefed it sBACaOhaffiblY 50 a%“tt& hi's
process, achastlc genes, ar e, produced Dy stochastic copolynerization

the four oS thfe SERFRATHS LeRSE| 888, tR Chtain the BEPARctiad é’rfds of

an Imtlal Ithel Pt é o] exptesseanbsﬁ@ﬁn otoldn@w @uoéﬁéaaieoge%fesn,
cohesi ve epds,in such a fashion as tfg.forma stozgastlc irst strand DNA

const it ut edPRY aORBI RAFTACS O cseleftion oan §es%¢¥®e’?%gst%hé‘§ﬁ€c
sequences wﬂosesB oenﬁsaasfoemsal Hou aé&llEOhxDV\Ednh‘x‘mTe[ie synihenitifyl the
second strg ﬂ ﬂ)e stocha second %I carrjng,out this
process, stoc ast CNfeheRrY ] Ecbf’gdﬁ’éé’(f:‘ﬁ%%o‘ﬁﬁl P iges,thaving at

ol i gonucl edenrsss ane hdesiredesactivity, ithat naneertl-tefre‘aftrexf r dgodatesof
stochasti Ct%“cl%%éso%ﬂx{yléé@%ffé‘d Oénﬁh‘%i%tf ! %”eélift:{\?a@e%r @Xéﬁ“i’o\’

l i neari zed exXpressi on vec ressi on. vect or

plasmid, REPEBFE a% Beeisdr ione me&@mdﬁ ox eolypept idel bavingetheesaid
obt ai ned u§ka elfs . pl asnm d pUC8 (see Vieira & Joachim GCene, 19, (1982),
259-268) as the expression vector. The expre55| on vector can also be viral
DNA or a hybrld of plasmd and viral DNA.

In a first mode of carrying out this process, stochastlc
genes are produced by stochast:.c copolymerization of the
four kinds of deoxyphosphonucleotudes, A,C,G and T from the
two ends of an initially 11near12ed express;on vector ,
followed by format:.on of cohes1ve ends in such a fashion as
to form a stochast:.c f:l.rst strand of DNA const:.tuted by a
molecule of expression vector possess:.ng two stochastic
sequences whos_e_. 3' ends are complementary, fo_llowed by the
synthesis of the second strand of the stochastic DNA.

In a second mode of carring out this process, stochastic
genes are produced by copolymerization of oligonucleotides
without cohesive ends, 'in .a manner to form fragments of
stochastic DNA, followed by ligat:.on of these fragments to
a prev:.ously linearized expression vector.

The _expre_ssio_ri_ v_ector -c_an be a plasmid, notably a
bacterial plasmid. Excellent results have been obtained
using the plasmid pUC8 (see Vieira & Joachim, Gene, 19, (1982),
-- 259-268) as the expression vector. :

The expression vector can also be’ viral DNA or a hybrid of
Plasmid and viral DNA.



3 The host cells can be prokaryotic cells such as HB 101 (Anerican Type
Culture Collection No. 23724) and C 600 (Anerican Type Culture Collection
No. 33694), or eukaryotic cells. Wen utilizgng the procedure according to
the second node nentioned above, it is possible to utilize

ol i gonucl eot i dfse hWbsthcelbsntan ber prBkapiotial £8IN8MsGcAC b HES 101
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CCATATGG 3' 5 TypaTCahtare' CollectibnoNpos3EbDé )y, oorseukbiryotic eedildns

which forma grpup of l|indronm c heptangrs. Ver od resulJts are ohtaingd
utilizing the %%vﬁ%ﬁf’gﬁgﬁ% g}‘ep:ﬂ REDIES ﬂ‘éﬁ%ﬁﬁgf‘g: to M‘:@ @o?e
XCTGCAG 3' 5 ' nie@®idded’ waboveX AGE or Ts andp8ssible T Awrcor diutgltizen
method to utiligz S r,acedures, which Ls_particul arly advant

i sol ates and p&?’ﬁﬁf%’?'ﬂ%%*ﬁﬁfovmﬁ& Dl\i\oﬁ tfe pPhEHPds ?fon%%eigéﬁrt??@%
of indgggndentoatamarsﬁ the transfornmed host cells obtained by follow ng
the pro®edurespahq t t urifi QN& | a :
restriction enz ne\i;%(?rlr esB’onglsﬁé t%é%'gg& fi cfingytr"feaf |¥‘ce%tcu%§i ?}gty fel%?estgnet
in the palindr f@ldosingrgrsup ok palindronicapsbamersem t he expression
vector which was wutilized; this gutgbagppsg 3fol loved by inactivation

of t he restriction enzyne, t hen one Si rrul'teineousl y treats the
ensenbl e of linearized stochastic DN®}r@GRERRGCtBls obtained with T4 DNA
| i gase, in such a 5¢' CAAGCTTG 3'

U | | 5' CCATATGG 3'

5t CATCGATG 3°

It is also possible to use oligonucleotides which form a .
group of palindromic heptamers.

Very good results are obtained utilizing the following
group of palindromic heptamers:
| 5' XTCGCGA 3°
5' XCTGCAG 3'
: 5' RGGTACC 3'
where X = A,G,C or T, and R = Aor T

- According to a method té_ utilize these 'procedures_.which is
partibulérly advantageous, one isolates and purifies the
transforming DNA of the plasmids from a culture of
independent clones of the transformed host cells obtained
by following the j:rocedures above, then the purified DNA is
cut by ét least one restriction enzyme corresponding to
specific enzymatic cutting site present in the palindromic
octamers or heptamers but abserit from ‘the expression vector
which was wutilized; this cutting is followed by
inactivation of the restriction enzyme, then one
simultanéously treats the ensemble of linearized stochastic
DNA fragments thus obtained with T4 DNA ligase, in such a



2183661 4 manner to create. a new ensenble of DNA containig .new stochastic
sequences, this new ensenbl e can therefore contains a nunber ofz Btgg{mga C
genes | arger than the nunber of genes in the initial gnsenble:

utilizes this new ensenble of transforping DNA to transformthe host cells
and clone these genes, and finally utilizes screening and/ or selection and

| sol at es fh diewed oeeaa% taamﬁé@rr@vsé}fmec%é Sn?d?.d Ebﬁ%' 'lyx igheqg.ar e

cultlvate to produce at |east one peptide " for exarrpl e,
a new pr @taqhastic pr §gIRePces» Fhi§ aNnevie: GPF?@P &n fQﬂn seFééF?éﬁrGf t he

cl Iones ?fcdaﬁ%tnpgi |rﬁtjnﬂﬁ§k' hef t@eo@lafgei& y?@ﬁeg hflaQQEi" dﬁanmthehnumber

ol ypept i roduce en.cl one, .t.ocatal ys chem
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p]ol ypept indss, enskmbiei dofr crsiris/f aoemi rip tﬂm_capac?am$ﬁomt alhss e hastequence
of reacti n ) . ; cQ ‘ to at
et of PN B A RBeg N dhey  LRHCE AL 18 G R s CRERRHATRG |0
consti t uttedi/pr selaegtzion yand oisolatesi the neunGIOpeSypéptrdasformldcbg
are refl qdael Yo it éoﬁﬁha'ﬁiH]aCllsyatitﬁeéé' ﬂ%ﬁe%?‘ Qi a0y R Fodlacky 1o

catal yse the synt esi s of me ense rom am no acius an

ol i gopepthe®ss | Pngn PERtIMe acr mPalypertidesai §9¥r os&aAmplean & s@eUe t he
capacity grpt@idifiy selectively the biol ogical or chenical properties of a
gi ven conpound, for exanple the capacity to selectively nodify the
catalytic activity of a polypeptide. The said property can also be the
capaci ty The Sgtrdpéﬂt}e senhibgt asothendirfijteati dreafidr oseldtoiogi 68l thenctian

of at one, ¢ Vv h _for, exanpl e, \/
anong th%s"hoc?r nes neuro ié tcéésghgdgggg%ggy of 'ehe" peptides o o
polypeptldes,produced by a given clone, to catalyse a given

chemical reaction.

' For instance, for the production of several .peptides and/or
polypeptides, the said property can be the capacity to
catalyse a sequence of reactions leadlng from an 1n1t1a1
group of chemical compounds to at least one  target

1

Compound. R ces A AT Al . :.‘ RN S e i R & R

With the aim of producing an ensemble constituted by a
plurality. of peptidés and polypeptides which are B
reflexively autocatalytic, the said property can be the o
capacity to catalyse the synthesis of the same ensemble

from amino ac:.ds and/or oligopeptides in an approprxate
milieu. '

The said prdpérty can also be the capacity to modifiy-
select:.vely the biological or chemical propert:.es of a
' g:.ven compound , for example the capacity to selectively
'moda.fy the catalytic activity of a polypeptide.

The said property can also be the capacity to stimulate,
inhibit, or modify at least one biological function of at
least one biologically active compound, <chosen, for
'example, among the hormones, neurotransmitters, adhesion



factors, growth factors and specific regulators of DNA replication and/or
transcription and/or translation of RNA The said property can equally be
the capacity of the peptide or polypeptide to bind to a given ligand. The
invention also has as its object the use ofgthe peptide or pol ypeptide
obt ai ned by the process specified above, for the detection and/or the

titration of Fddwary, Orewtd nsa&eogspaéﬁam&ﬁééyffelv?@ogfm d0d¢ Opna

carrying out the |nvent|on e criterion for selectio clones o

t ransf or med- hF&PIdGatEqny Pﬁk& actERNSCTIRIdOn o NGO oFrEBF}BEﬁPPdegfto
simul ate or nmwaf.y the effects of a biologically active nolecule, for
exanpl e, a protein, and screening and/ or selection for clones of transforned
host cells producing at | east one peptide or polypeptide having this
property, i s Thear siaddl puopebj:'y peapareqgualdyi boeli eishe agmipastityt hof athéve

T er e o BRptidd U hd AL AN 00 BE@TE6Ta  BELLAPRELLRAR! | OF !

i dentify the S cont S pept| or poI pep

cultlvéﬁ the clones thus identified, separating and purlfylng t he
peptide or powmximaamﬂmb byad %eleéogsfect 2he uéénaklxhebgseptlae
submtting the peptlde ol pe tide toan in vitro assay_to verif ¥
that it has t ¥ EQIRe RY 7P I HrPReSEf FBBFéfb?dtﬁ’é°¥ﬁrd or

nol ecul e. Accemd Im;ﬁdi:ﬁmi ra&fd/rfmletwé eptrati@n oot aheigameess according
to the invention, the property serving as the criterion of selection is

that of having at |east one epitope simlar to one of the epitopes of a
gi ven antlgenAcEmrdnngﬂmooa eamtiesa laacky t advahtageogspamodecpdf dearbyinbe

process oad | gfle %398¥€1 n anghe MitbZ88h€ for selddtion of  the

chenntherapeutlcally active su
clones of transformed host cells is the capac1ty of these

peptides or polypeptides to simulate or modify the effects
of a biologically active molecule, for example,a protein,
~and screening and/or selection for clones of transformed
host cells producing at least one péptide or polypeptide
having this property, is carried out by preparing
- -antibodies against the active molecule, then wutilizing
‘these antibodiés after'their purification,- to identify the
clones containing this peptide or polypeptide, then by
‘cultivating the clones thus identified, separating and
purifying the peptide or polypeptide produced by these
o ... clones, and finally by submitting the peptide or
polypeptide to an in vitro assay to verify that it has the
. capacity to sim_uléte or modify the effects of the said
molecule. '

- According to another mode of carrying out the process’
according to the invention, the property serving as the
criterion of selection is that of having at least one
epitope similar to one of the epitopes of a given antigen. |

The invention carries over to obtaining polypeptides by the
process = specified above and utilizable as
chemotherapeutically active substances.



6 In parti'cul ar, in the case where the said antigen is EGF, the._i nvention
perm ts obtaining polypeptides usable for chenotherapeutic treatnent of

epi theliomas. According to a variant of the procedure,, one identifies and
I sol ates the clones of transforned host cells producing peptides or

pol ypepti des having the property desi rsed, by affinity chromatography

agal nst gnt.i bodi £s_correspondi ng.to a.protejn expresseq .by the ral part
of the D%R iﬁﬂﬁd’flcﬁu%f' e&_’gnggg, %faﬁet nge@:a eJ: eFEl_ h&T allspﬁfu'of t he
hybri d Ditikecodtuensiangepermiis eshitaginiorg | podypegitdsiednsasabhe cor
advant ag @,%?4 ﬁ%@# AV F: | | e Sal s  transfornmed host
cells by%_ |°\r$'|th rug"n"h?ol%réaagﬁly ag%%\}fplﬂéﬂl—f%@%] - gal act osi dase

anti bodi es. After expression and purification of hybrid peptides or

pol ypept ipdeordify CES acRAldl#htands i takealirdd@adrdoyelomarigentdies
invention also_applies to a use of _the _process specified above for
the prepdPg iiGelates Ehaisionas o4 fifansioied hesth el +s i BRRAYSARGe £ act
that ant ipepdiigesiger Npollypeprildes) i eingethedl Sropot ey cdesfivedgx ampl &L
ant i bodi e f-Or-f%d%?ﬁ w&r.frgﬁc i on of._rtﬁf}g %g_ll?(%?ni c agent. in the bgdy of an
ani mal cAFAHRE AP LRABRO AF it HET T A BRIt T e Shop i Hg O

anti bodi as proteiseexpreasked idy tthee nd tonesl [paxiticofigtlae DN shylordd pr ot ei n
having at | east one epitope simlar to one of the epitopes of the '

pat hogeni ¢ agent, the transforned host cell corresponding to these clones
are cul t fiogd esappdeucdn hthe wagei wberehither sadurals pavt aodd thel

puri fi edpimd MR IMR s &ldehe dlpfreddling gr%giacﬁésw%f%é he ..

production of a vaccine against” the pathogeniT ‘agent. For exaine I n ordeL/

to prepaf@Pafd¥itagepusiyc idrntice ath 15Q1akes ohee ptaid cenee Rt one

CapSIb fle l%][r(&]fcr@ﬁbr@fed h@qi‘BVpéﬂ.ﬂ.BS by NaEEiniBiyS d?fxfﬁnﬁﬁibqﬁphyan?@élim

capabl e of 19" B 14 AUl Wi iod{ls, Proteln having at Teast one
After expression and purification of hybrid peptides or
polypeptides, one can separate and isolate their novel

parts. -

The invention also applies to a use of the process
specified’-above - for ~the -preparation. of.a vaccine; -the
application is characterized by the .fact that antibodies
against the pathogenic agent are isolated, for exemple
antibodies formed after injection of the pathogenic agent _
in the body of an animal capable of forming antibodies o/
' against this agent, and these antibodies are used to
identify the clones producing at least one protein having

at least one epitope similar to one of the epitopes of the
-pathogenic agent, the transformed host cell corresponding

to these clones are cultured to produce these proteins, -
this protein is isolated and purified from the clones of

" célls , then this protein is used for the production of a
vaccine against the-"'pathogenic' agent. '

' For example in order to prepare an anti-H®V vaccine, one
can extract and purify at least one capside protein of the
HBv virus, inject this protein into an animal capable of
forming antibodies against this protein having at least one



7 epitope sinmlar to one of the epitopes of the HVB virus, then cultivate
the clones of transformed host cells corresponding to these clones in
a manner to produce this.protein, isolate and purify the protein from
culture of these clones of cells and utilize the protein for the production
af an anti-HBV vaccine. According to an advantageous node of carrying

out the procegpitoper diing iax tﬂe bﬁéef&iﬁ Othet Bpikopescaif Stnenmvst virus,

bacteria such_as_Es rlchla c enone nt ai nei r the ra
gene expressi h efer%Fi g3R §8tos (Ebﬂégthg E%@an g% i °sqsscqu
say, [err] cErrespondmgettor aﬂHm netioges| dnaree mauhmelr etoi priddmcer adeixe
of X gal and | cat t | s¢

- gal act osi das%9§ﬁ%29| o?l]'s%lféeil':de?ect e@ﬁfﬁgr garﬂtet eﬁggf'ﬁght rans o%%xﬁuE%Nﬁ?f
transpl ant ed thesearcionespafat eediisncand Hikilize| dher PIrQrtQénsc59§ the

culture to prpﬁéaﬁcﬁioheﬁitaﬁ“ﬁnﬂ&pkhﬂevﬁbd@NéVDEDt'de The property
serving as the criterion for selection of the transfornmed host cells can

al so the capacity of the polypeptides or proteins produced by the
cul ture of thaseoeligngs t6 md d@@ﬁg&h@owdoﬂhbarey&a ungueanthe

in particul ar_chosen advant.age sel anpn tide eptides and

pr ot ei ns, notgﬁPﬁegﬁnﬁﬁcﬁﬁ&%ﬁ %hﬁ ?%38F£8“rr§H§ %4g% iSRSASF
DNA. On the oihebakiedia mmghﬁnsiEsmhnmmmhrancaliowh@sdugﬁnomannqpﬁlﬂhsnd
RNA sequences n ti a ctpth =Y [

are obtained ?ﬁI? 8&C§§% #ﬂﬁf%6$§$% %r %égggbgngehsQ%ﬁk%%gﬁ%;ﬁE%&w‘ﬁ%&
sel ection of the cEBﬁesgefletpraﬁbﬁ&rm hésx c@s FonFBE it eokhpacthy
of tHese prot £kfiskBrhial cteglvsea%arc%eu&re@ G.‘fo‘strfé)glfé)ééﬂéw 3¢ AOSGAL PAA@D

activity of the DNA,_  or else sequenc
- the indicator IPTG in the medlum » and cells positive for
% galactos;dase functions are detected; thereafter, the
transforming DNA is transplanted into an appropriate clone
of host cells for large scale culture to produce at least

one peptide or polypeptide.

The property sérving as the criterion for selection bf_the

.transformed»hostngel&smcanualga: be--the capacity_oi_the
polypéptides or proteins produced by'the culture of these
clones to bind to a'given compound.

A . This compound can be in particular chosen advantageousely
- among peptides, polypeptides and proteins, notably among
proteins regulating the transcription activity of DNA.

on the'othér hand ; the said compound can.alsb be éhosen
~among DNA and RNA sequences.

‘The invention has also as its object thése'proteins which
are obtained in the case where the property serving as
criterion of selection of the*clones,of transformed host
cells cdnsist ih_the capacity of thése-proteins to bind
to regulatory proteins cdntrolling transcription activity
of the DNA, or else to DNA and RNA sequences.



8 The invention has, in addition, as an object the use of a protein which
I's obtained in the first particul ar case above nentioned, as a cis
regul at ory sequence controlling replication or transcription of a
nei ghboring DNA sequence. On the other hand, the aimof the invention also
includes utilization of proteins oftained in the second case
mentioned-to nodif.y, theggropertl es,.of, transcription or. replication of a

C

sequenceT8e BRventiop chas, cdp; additdanre a2 @RnebIgrtphle UAk) R pRessi ng

this propgotéie i wkieshi obs habtaindd &k eemeasmwadd @a&taeaaarofc@seductlon
of DNA, characterized by sinultangous B 2 gctlon I n_.the sane, rreg% n%

genes at 2PESt MERTIBTYr Bfipss ot Df TSPBLAESEY c SKANANGS CYPRYALEF RSt i des,
in that repldeadédiorhus obt aitmahsomiptidn ododed ant aetighboa:a.ldgs tDNproduce
an enser@@a Qlce_transfor med host cells, in that screening and/or

sel ection ensenble is carried out to indentify those host
cells contai n| ng |n their genone stochastic sequences of DNA havi ng a¢-

| east onpndqsid sk éPPRARYE, *hE famléf the ih¥lertiorPM) dd Orht Deagkons’s of
host ceIIs t hus |dent|f|ed is 1solated. The invention further_has as its

obj ect aUfiddEdiaon o Qf oRERLEIRS cRRtadned zdd byths mSeEORAUsCRFBJuct i on

in the sm'criwem tof ©eaesy atth@aiirdﬁﬂﬂﬁsywﬁp sfdcefiptieahasti c
synt het i genes thus obt ained are Htroduced

C .ynucl eot
o hosEeBditatisTy LA55 coh bl oeEypdeTce 4 s oblalpel e Lo oo
t he host seedenceo gff ®NICed and expite ssiregl thnmlpmeeusly, and screening
and/ or selection of this ensenble is carried out in a manner to identify -
those host cell's containing stochastic sequences of RNA having at |east cmé
desired Fhepeinyensaoni nheadatas hd tRNAokgecso| asedwelibma hprosesscepEs t hus

:Aﬁiegh' ‘;n' htod-b‘[llea‘%flﬁi %Xﬂ;rﬁl\{#”dh%bt%r%{gd BPagi hy1tenbbas ﬁr&&ﬁéﬂlsﬁ”pound
in the same medium, of genes at least partially composed of
stochastic synthet:.c polynucleotldes, 'in that the genes
thus obtained are introduced into host cells to produce an
ensemble of transformed host cells, in- that screening
and/or selection on this ensemble is carried out to
llndentlfy those host cells containing in their genome
'stochast-_' sequences" of DNA- havxng at” léast one: deSIred
property, and finally, in that the DNA from the clones of -

host cells thus 1dent1f1ed is :Lsolated

The 1nventa.on further has as its object a procedure to
produce RNA, character:.zed by simultaneous product:.on in
the same medzum, ‘of genes at least part:.ally composed of
stochastic synthetic polynucleotides, in that the genes
thus obtained are introduced into host cell's"' to produce an
ensemble of transformed host cells, in that the host cells
so produced are cult:.vated simultaneously, and screening
and/or selection of thJ.s ensemble is carr:l.ed out in a
manner to 1dent1fy those host cells conta:.n.mg stochastic
' sequences ‘of RNA ha\iing'at least one desired pro'perty'{ “and
in that the RNA is 1solated from the host cells thus
identified. _

The said property 'ca'n. be the capacity to bind a given
compound, which might be for example a peptide or



9 polypeptide or protein, or also the capacity to catal yse a given chem ca
reaction, or the capacity to be a transfer RNA. Now the process
actording -to the invention wll be described in nore details, as
well as some of its applications, withoreference to non limtative
enbodi nents. First, we shall describe particularly useful procedures to
carry out thepalypéptideobrsproitadimi,c arreekso atidet bapaoitypdtot catadfysehase

genes in bactg{i&nt AhBmAd4Ge Lo a orgga% el '), D ﬁyg
synt hesis on %in‘}éé?(p?ggg‘?%%qve% or. a‘-[)l)' L{-’%egﬂezat | or#igg te‘%é’eai\)/%ctgorer fer
m crograms, tR¥R-is, approximtely [err] nolecul es of the pUC8 expression
vector are linearized by incubation for 2 hours at [err] with 100 units of
the Pstl restgicti enzyne in a volung of 300 1 of the appropri at,
standard buf f&% Tﬁgeliﬁégﬁgﬁﬁj\ﬂﬁﬁQ#EEQStr%%teHhﬁdtﬁnﬁﬁggbpgchﬂgik(NQﬁ
then precipi tdéscrilbedt hanol mokekedettpils,volage @ield0 asl aothd oaded igs o
a 0, 8%.dgar ose | 1p.standard, TEB buffer. After m.gratiqQn in fi.el d of
Vi em tt 1 e e B18hRe PiRRareraene, 5 non, TifiTardYe, Aribad thenet.
precipitated in ethanol, and taken up in 30 1 of water. b) St ochastic
synthesis usj th Jetndnal + 3 hr%%@
| i neari zed. VZ% _o?térger %zg%}tiqu eO{ééE%Lﬁ%fg#é gé‘r@f;w&gggéb gﬁ?’tgseao a1 Tn
300 1 of thecappy oppvht cthef faynthesine of esttrehastieivarors, 1andiCihe
0.3 nM dTTP afe dodbb€00R. oENtROYE! geABECA Bd e a d{dPpkeaalkesidres
order to reduce the-freggggcgpgie"stop" codons in the correéespondi-ng

S ’

messenger RN®T AELRRFFQ #rthough somewhat |ess favorable, can be
obtwined by utilizing a

1) Direct synthesis on an expreésion vector.

_ a) Linearization of the vector

30 micrograms, that is, approximately 1013 molecules of the
pUC8 expression vector are linearized by incubation fdr 2
hours at 37°C with 100 units of the Pstl restriction enzyme
in a volume of 300. 1 of the appropriate standard buffer.
The linearized vector is treated with phenol-chlorbform'
then precipitated in ethanol, taken up in volume of"30_ 1
and loaded onto a 0,8% agarose'éel in standard TEB buffer.

Lo After migration in a field of 3V/cm for three hours, the
linearized vector is electro-eluted, 'precipitated in

ethanol, and taken up in 30 1 of water.

b) Stochastic synthesis using the “enzyme Terminal
Transferase (TdT) '

30 ug of the lineafized vector are reacted for 2 hours at
37°C with 30 units of TAT in 300 1 of the appropriate
buffer, in the presence of 1mM 4GTP, lmM 4CTP, 0.3 mM A4TTP
and 1 mM dATP. The lower concentration of 4TTP is chosen in
order to reduce the frequency of "stop" codons in the
corresponding messenger RNA. A similar result, although
somewhat less favorable, can be obtained by utilizing a



10 lower concentration for dATP than for the other desoxynucl eotide
tri phosphates. The progress of the polynerization on the 3" extremty
of the Pstl sites is followed by anal ysihp on a gel of, aliquotes taken
during the course of the reaction. Wien the reaction attains or passes a

mean val uejgieg00 wﬁéeﬁﬁdeioﬁdd%ﬂoer cﬁvrpext mx{ Y, folr | StakoPRSEhépd the
free nucl eqti des ar Sgrated ;romthe ol-y differenti al

preci pit at 8ﬁ°5¥“3<7' 0%dgge obE P‘a°§B‘P%m5cont'%‘P?n nPEPHRER Ul ®F iR such
as Bi ogel ﬁsmy(naegzat&bﬁd &t atheMI'K) ex @t émi tONS LN ithal lﬂ@tby site® Mséation
I n et hanol f°y£?§8| nmeres,are sub ecte t a furt er poI zatlon W t h
TdT, first™i i gs@ﬂ@é‘ Y§tSqRPPe B8R n°| % %se

| ast two reaur'sene-fathestpac&ued.by a fi Itratlon on a gel and are carried
out for short intervals (30 seconds to 3 mnutes) in order to add
sequentially 10-30 A followed by 10-30 T to the 3' ends of the polyners. c)
Synt hesi s ‘@henhd:lmacnedctn.oancatﬁamwconslpacsﬁ\d\ Bagieamw| eallie «f vwﬂr

possesses. mulehltad ladd S EeILaR QRLGL! Ay 140 TERRURS ity SeenCes

whose 3' S are co he m Xxtufie pol
i ncubat ed fme cmlﬁmea‘ avare ngsepapatedz atfxom othet h@cdomsirendelf ar y

t t Cl t 10
i nutes. '?‘3%?5459“%/55'? pfﬁ%ﬁﬁmﬁpeﬁfﬁi passBidbrta g O
[err] C p&®° such Aas @P&%’acﬁ%ﬂ &Q&i‘- et s of
t he largq-rafdeamn) (lﬂﬂ&w)con'&enmiwai ﬂeciprtatma e setiehol, t he

f I d hat t Thi
acconpl | e HRDEAHEEE EundtriEd & %e##%’r?aﬁ M2l D
hybri d polf[yd‘lhr iir‘ﬂ‘be imdilm:lpmame:mf aATR, themnin hihe ptrefsmtcsy:rﬂ heS| s

starting fdr r‘lg?ééfz % x"é’a%ﬁﬂﬁ{&aéziérséﬁ#éﬁ‘&' By 4 A ion
conpet ent ce ransfornation conpet
on a gel and are carried out for short intervals (30 seconds
to 3 minutes) in order to add sequentially 10-_30 A followed

by 10-30 T to the 3' ends of the polymers,
s e) Sy_nthe_sis of the seéond_strand of stochastic DNA

"Each molecule of vector possesses, at the end of the
preceding operation, two stochastic sequences whose 3' ends
~are complementary. The mixture of polymers is therefore
incubated in conditions favoring hybridization of the J
complementary extremities (150mM NaCl, 10mM Tris-HCl, PpH
7.6, lmM EDTA at 65° for 10 minutes, followed by iowering
the temperature to 22°C at a rate of 3 to 4° C per hour .

. The hybridized polymers are then reacted with 60 units of
the  large fragment (Klenow) " of polymerase 1, in the
presence of the four nucleotide triphosphatés (200mM) at
4°C for two hours. This step accomplishes the syn.t_hes'is of
the second strand from the 3' ends of the hybrid polymers.
‘The molecules which result from this direct synthesis
.starting from linearized vector are thereafter utilized to
transform competent cells.

d) Transformation of competent clones



100 to 200 m of conpetent HB101l of C600 at a concentration of [err]
cells/m, are incubated with the stochastic DNA preparation (from above) in
the presence of 6nM[err], 6 MM Tris-HCO pH8, 6 nM [err] for 30
mnutes at [err]. A tenperature shock 013 mnutes at [err] is inposed
on the mxture, followed by the addition of 400 to 800 ml of NZY culture
medi um  wit iR tzgﬂ)@)imlicé.coﬁrpetentalisionrmtﬁ C600ua¢ ias conceniiratian
[err] for 60 mgn , [ ut [ 0s ' S dditio . el M
cont ai ni ng 40 erl'iﬁ)] ofégfflsfclﬂh*'fi (ra?f'jceAf %é‘rgué-ggéﬁou"?%/t}gf q?’trelcu%%(?%%ér}ggjf@[agrr ,
the anplifiedPrepatrtion tExemiahboee) idndtheeppesesceopft basCoClgd Geris

i s |yophi |l yseﬂrméior_gﬂagt éermm- Mmyeh a gukiuBg CaILALRS 3%fterpkclo a
[err] independent trans olrsggg%s, each™¢oAt al ni ng a_uni que stochastic g:%rée
ST e

i nserted i nt FYPREEAPVES. Qfor3 mpputes f#4e373C 1§ imRQSRGH AP
genesdurst ar tﬂgmnéré; ouﬁmh?aeawh&eaméilesd&itbeu_t o(foh?@! R 65 -tlnI hbsh NZY
procedyure is ed on the.fact that, pol yneri zat.ign of judi cious chos
pal i ndr®si ¢ %‘?fb%%cl 5‘&??‘8@3 6@%$‘§tcoﬁ§‘t‘:ﬁ§&ﬂ%&‘?sﬁ s ‘Ehaglri%sggﬁ@?%n
whi ch have nocdiktupé isdbimcubated at Bhe foxr poOsmihueesgadhen didnmted wa |l e
at the same ty [ eder e .ati f et S I+f yidng
all am no -aciwlﬁj?#%eﬁg %‘?\Qﬂgggvglfdﬁg&réggﬁlﬁh %%n%}a 1%‘élq§1e%t'ge é%? ﬂ‘ls%lfnn
t he proteins ahpieilbinlt Afiter oB§onenest ieks iogubaddon nak ndihter dhe
bases which i | £ f thre | e hch | scrygoes
t he use of ona;m%?ifﬁeeagoég?tﬁggc_o%‘%i ng:tei;?-c?r%? ich fulfil %ﬁgse&cé?iltggri g:fba)
Choi-ce of a JrRRSERrEed afetisThE Jyopbidivsqd anficFeeredeats o70oki-nFuch
GGAMTCC 3" &ﬁ%@@ccshtﬁinwm?Gt% 10% independent transformants,
each containing a unique'stochastic géne-inserted into the
expression vector.

II) Syhthesis of stochastic genes starting from

oligonucleotides without cohesive ends.

This procédure is based on the fact_that_polymefization of

jndic_iously chosen ',pa,lin.drp_mic ._oiigonucleot_id.es- permits

construction :of 'stoc_:hastic': gene's w_hich-'have no "stop" codon

in ény of the six possible reading frames, while at the

same time assuring a balanced representation of triplets

\_ épecifying all amino acids. Further, and to avoid a

| repetition of sequence motifs in the proteins which result,

_the'_oligonucleotides can contain a number of bases wh:i_.éh is

not a multiple of three. The ekample which follows

describes the use of one of the possible combinations which
fulfil these criteria: |

a) Choice of a group of octamers
The group of oligonucleotides following:
5' GGAATTCC 3'

5' GGTCGACC 3°
5' CAAGCTTG 3'



12 5° CCATATGG 3' 5 CATCGATG 3' is conposed of 5 palindromes (thus self
conpl enent ary sequences) where it is easy to verify that their stochastic
pol ynmeri zati on does not generate any "stop"” codons, and specifies all the
am no acids. Cbviously, one can utiljize other: group of palindromc
octanmers which do not generate any’-2 "stop"” codons a&and specify all the

am no-acids found in pc peptidgs,. r jt-is also possible to utilize
non pal i ndrom c groups of oct a%ré‘%ﬁ@fiqﬁ r#e' ol i goners, under the

condi t ion that their conpl eneri's CXRCGATG) Ioubl e stranded DNA are al so
used. b) Assenbly of a stochastic gene froma group of octaners. A mxture
cont ai ni ng. 5 [err] each ‘of the oligonucleotides indicated above

(previ oudBy CPmBSSREr yPht el Balindzomegs pithusonselfa cemplerenpasyedure)

i's react gdghBne Owﬂewllbu‘rqsccaus?y rwgre;llfg}vlaifﬁ érQe/woé.us&ﬂxgemegl yeol,
and 100 unlts of, T4 ase in t'he appropriate buffer [err] Tor six

hour s. TRP%YM&%H%SngF IRE s @sDeFSte. Wynﬁ‘E%t i Gﬁ’dﬁﬁ"st'heaﬁfil gaer s

in the depbbeflatg aldeds almimnhaiddout cohesive ends. The resul tingk
polymers are isolated by passage over a nolecul ar sieve - (Biogel P60)

recovering those wth 20 to. 100 oligoners. After concentration,
this frobviouwsliys ane ncanubutu.ﬂ.ede t othatal gsoaporoﬁolgaieindnbmcba by T4

DA LT gagg e © Useancid onsedegenibadeabans. THEGEa!  Bhachs dagali Dod

above, ose polyners have goners are
i sol at edSPG):lIfNepadﬂatﬁhm aélflrtm@m foundii in Pe- eeBtidesesCleariyetor is

ITIh gesrelctzgr@ biys Sgﬁgoe%gaﬁrat% WANARE Hén PPhlchardmidesgrdliss aiove.
octamers, or other oligomers, under the condltlon that
‘their 'complements - forming double stranded DNA are also

used.
b) ASsembly of a stOchastic gene from a group'of octamers.

A mixture containing 5 Mg each of the oligonucleotides
' indicated above (prev:.ously phosphorylated at the 5'
pos:.t:Lon by a" standard: procedure) is reacted in-a:100: ul
'volume contalnlng 1 mM ATP, .10% polyethyleneglycol, and
100 un:Lts of T4 DNA 1ligase in the approprlate buffer at
13°C for six hours. This step carries out the stochastic
polymerization of the ‘oligomers in the double stranded \
state and without cohesive ends. The resulting po_lymers are
1solated by passage over a molecular sieve (Biogel P60)
recover:.ng those 'with 20 to 100 ol:.gomers. After
concentration, this fraction is again subm:.tted to
" catalysis or polymer:.zat:.on by T4 DNA 11gase under the’
conditions described above. Thereafter, as described above,
those polymers which have assembled ‘at least 100 oligomers
‘are isolated.

c) Preparation of the host plasmid

The pUC8 expression v_ect'or is linearized by Smal enzyme in
the appropriate buffer, "as described above. The vector



| i nearized by SMa 1 does not have cohesive ends. Thus the l|inearized vector
Is treated by calf. intestine al kaline phosphatase(CIP) at a | evel of one
unit per mcrogramof vector in the appropriate buffer, at 37C for 30

m nutes The CIP enzyne is thereafter inactijgated by two successive
extractions with phenol -chloroform The linearized and dephosphoryl at ed
vector is pregipbhaigdal ByetdMdI0L, dbBEN iRl VeEhée Bive! @hadl, THEH Nihe d)
Li gation of stochastic _genes to the vector Equinolar_ quantities of_vector

and pol yners hiBeaF128dan¥erietibaiedtrratRe Pus&HdE ofntessingi 1alkpline
fDNA llizgﬁse, 1pﬁ%ﬂi59tais@q((_(:l1@|)y%€llybefl%vgal]yC@f, one txhei_@ppé?p&diaiﬁ;dttafnﬁ ed £

or ours at [errl]. is ste i gat es, t st ochasti, s in the
expressi on ve%?ﬁ&oﬁngnfggﬁ% %Rﬁi# r%%ﬁ%nﬁgggﬁFch?aﬁs-ﬁbﬁ%%%ﬂ%@ s -
are, therefoTfThe CiBpainzymenfisrthefeafitey. ifactiVated: byn tofo canpeessive

cl ones. Trans ' f et Q! | e t 4 : ne,
previoysly deés%??%égggf'%l )%I:Eglen%ﬁ/e n§1 st o&%sﬁ;ﬁ'geggg&'stjéﬁé%l?%m%nd :
group 0% hept@ephospiiprylptededveetar fig spreeipitatefusin detbanodd i khemat

it utilizes pabafdsgieanal! ¥ler WU ah nlip@ vari abl e cohesive ends, in

pl ace of stochastic sequences containing a smaller nunber of identical
notifs. a) Choice of a group of heptaners It is possible, as an exanple, to
use the fol | og) npigheeonPdf FHBHaGHIRPIGHIRIS td thel G&E¥os’ 5 XCTGCAG 3
14 5' RGGTACC 3 ere X = AGC o T and R=A or T , and where
pol yneri zati on cannot generate any "stop" codons and forns - =
Equimolar quantities of vector and polymers are mixed and

incubated in the presence of 1000 units of T4 DNA ligase, 1

i

L
mM ATP, 10% polyethylene glycol, in the appropriate buffer,
for 12 hours at 13°C. This step ligates the stochastic
polymers in the expression vector and forms double stranded

circular molecules which are, therefore, capable of
transforming.

Transformation of competent clones.

Transformation of competent clones is. carried out in' the
manner previously described.

) .- II1) Assembly of stochastic genes starting from a group of

.heptamersQ

This procedure differs from that just Miscussed in. that it
utilizes palindromic héptamers which have variable cohesive
_ends, .in place of stochastic sequences containing a smaller

.number of identical motifs.

a) Choice of a group of heptamers

It is possible, as an example, to use the following three
palindromic heptamers:

5' XTCGCGA 3'

5' XCTGCAG 3'



triplets specifying all the amno acids. Clearly it is possible to use

ot her groups of heptanmers fulfilling these sane conditions. b)

Pol yneri zation of a group of heptamers This polynerization is carried out
exactly in the fashion described abovg for octaners. c) Elimnation of
cohesive extremties The polyners thu 4obt ai ned have one: unpai red base on
their two 5~ extremties.. Th YS, g g& daagecessary to add the
conplenentary base to the correspon I'"g extremties. This is carried out
as follows: 10 micrograns of the double stranded polyners are reacted with

10 uni t sypbrbhexKl enoy eNzy e, of N dhegpgesgage g} thpe fourg feoxyusd eoti de-
phosphat es_ (200, in'a vol ume of 100 [err] [err] for 60_m nut es.

The enzyRelyBeriza F?&té@anﬁﬂﬂﬁﬁﬁrQ#ﬁﬂﬁﬁﬁfo#ﬁ?@xtFQ@PPénaﬂﬂqu¢m§

pol ymer Stﬂgléhgaaﬁeéﬂ?m@e alasithedlanfitRe adil@d.cotides by differential
precipit re then i ed to the host plasmd

i on
(previ ouéﬁ‘?aFHedﬁ zég %eﬁﬁoéﬁﬁ)rgggFEd)gr°W Of oI 1RFINLLS t e
procedureeldﬁsminbedhebevsaMd donditilomsot ed that the two | ast procesires
whi ch were described utilize palindrom c octamers or heptanmers which
constitute specific sites of certain restriction enzynes. These sites are
absent, bbdrPohgmeviecagion off @ananenpWE3 hephamegison vector. Thus, it is
possi bl e to augnment considerably the conplexity of an initial preparation
of stochastic genes by proceeding in the follow ng way: the plasm d DNA
derived Tham podydgmizatian [ 48 Farndefe fiinte*aqkLy othatihe ohrehirRR by one

of the tgeskasbel’ aboYe For ockandas i bed above, is isolated. After this-
DNA is purified, it-is partially digested by Clal restriction enzyne o’

(procedure Il1) or by the Pst 1 restriction enzyme * (procedure
I11). Ag&)eElimiinativat ofn coliesiviee extivinities ' '

The polymers thus obtained have one unpaired base on their

two 5' extremities. Thus, it is necessary to add the
complementary base to the corresponding 3' extremities.

This is carried out as follows: 10 micrograms of the double
stranded polymers are reacted with 10 units of the Klenow
enzyme, in the presence of the four deoxynucleotide-
phosphates (200 mﬁ) in a volume of 100 Fl' at 4°C, for 60
minutes. The enzyme is inactivated by phenol choloroform
extraction, and the polymers are cleansed of the residual ]
free nucleotides = by differential precipitation. The N\
polymers are then ligated to the host plasmid (previously
linearized and dephosphorylated) by following the
procedures described above.

It is to be noted that the two last procedures which were -
described utilize palindromic octamers or heptamers which
constitute specific sites of certain restriction enzymes.
These sites are absent, for the most part, from the pUCS8
expression vector. Thus, it is possible to augment
considerably the COmplexity of an initial preparation of
stochastic genes by proceedin§ in the following way: the.
plasmid DNA derived from the culture of 107 independent
transformants obtained by one of the two last procedures



partially digested DNA is treated with T4 DNA |igase, which * has the
effect of creating a very | arge nunber of new sequences, while conserving
t he fundament-al properties of the initial sequences. This new ensenble
of stochastic sequences can then be used 3% transform conmpetent cells. In
addition, the stochastic genes cloned by procedure Il and Il can be

exci sed i nt adesiordbecheakpifs, eipr dsvlatedactiftdy thibi DNAg iespurified,

P sequencod Uil IRELAILIP, VEEL0L:ER], B! NSO SUGHA DAL ShRENR ' ¢
two procedur dprjogedurescribed, onhi by rdshg t Psbm flhe neﬁ'@*mmmnnemgymdue -
to the recurr@iocdduie! aiIifPt'fSAfﬁér anjnhBRIvatibn adeﬁt'%@ ;?.geanto

achieve in Vivag nmutagenesis - of ‘codi ng sequences is results

augnent at i on POF tiRd 13y shed rm% ’g%r%e%ﬁqzﬁ%% Bt YA @RSE: nehigh
for all the Ma@eduéeseﬁﬁé&lenﬁfatéréﬂﬁﬂhgs)ﬁlt RelryC USPGE. ﬂ\imbér PeFsi héw to
use a frunber of conmmon t |ques to no e o] in vitro
oeh b ohaReueIraa, arikile TafBsety TRl | the o Fundanentel  HHAPIRAIAL. O f o
their pr ormtdulhe pandtialt abequences. UtThigatiew ehsemdileceblfs skpekastig
one or sever S . a r n, it
Feqtbless Win WA nd &0l VUt de k0 WYL HERE LET QT

Is clear that IS possi 0 cons I N VI y-large
nunber (for I@(@@ﬂetlgmea‘me sttmhaettimgaon)s cfidried ehy gorasdure II

enzymati c polyygeryzat 'é)c{h OBenUQ*EPééde%.ﬁaélf erbpongicd ewd@esexé §s:|.on

pol yneri zation is carried out in a stochastic . manner, rm ned
the respect VeE8nchlt ratidhaings resieriqtionorsifeas &eIQﬂ‘JJ@%u&Peof-bﬂes

present 1n taonddey i vEcEbXt 4hd not 1¢epresenited efh akare sto¥hdBENOUPNAAN
be utilized to clone such genes (or codlng sequences) the polynerlzatlon
can be seguences. _

.. Recombination within the stochastic genes geherated by the
two procedures: just described, which result from the
~internal homology due to the recurrent molecular mot:.fs, is
. an important additional method to achieve 3in_vivo
mutagenesis of the coding sequences. This results in an
augmentation of - the number of new _genes_ which can be
examined .

..Flnally, for all the procedures to generate novel synthetic

\_J ~ genes, it is possﬂ:le to use a number of common techniques

to modify genes in vivo or in vitro, such as a change of

- reading frame, inversion of sequences with respect to their

promotor, point mutations, or utilization of host ‘cells
expressing one or several 'suppresso:g: tRNASs. |

In considering the above description, it is clear that it

is possible '_to. construct, in vitro, an extremely large

number (for example greater, than a billion) diffe:ent

genes, by enzymatic polymerization of nucleotides or of

oligonucleotides. This polymei:izati_on is carried out in a

stochastic . manner, as determined by the respective
. concentrations. of the nucleotides or oligonucleotides
. present in the reaction mixture.



.carried out directly on a cloning expression vector, which was previously

|l inearized; or it is possible to proceed sequentially to the pol ynerization
then the ligation of the polynmers to the expression vector. In the two
cases, the next step is transfornaHj n or transfection of conpetent
bacterial cells (or cells in culture).”” This step constirtutes cloning

the stoghasfjg. S S W A VA I r t 1:9Le Jndefinitely

pr opagat %% a{nlj(’j&é(g%ggéssgé?’v&ear%,m_%ﬁi'ééai }[M%anf% Pﬁélf)'rggge u‘?egiéﬁ%ch wer e
descri besughogends (or feeding segnenresl{ thaepohymepizathpohcanebe
appropri g i tdiee SaNEbeely oh al eIBATLC SRS V&Sl iGHERR, it TS
possi ble to carr ,out-polynnrlzatlon, by Bi ochem cal , neans, si ngl.e

X . . 0
st randed¥aisi gBheYioBelpndineanizedh aPred by 18nPPERIP LG ntiRsPEOCEREN tr eat

these segegiiehticillyDNd the pOWmdDizAsicw! thdedeher DEgaUL6A ofotpenerate
doubl e strggged QﬁPNAg i n order to‘glone,such genes. Screening or
sel ect i oRFMATGhe® ot % r PP Ot s The further step of ~he

procedure according to the invention consists in exanmning the 54

transformged Qk _tr fegted.cel by, sal eql,) Qh Qr. st [ i rd tb
| sol ate II%’ne(%gr @QEVegéFg$6el#§e“dﬁ%§é %%#ggsﬁﬁﬁn?%%ﬁggggppgﬁg?écg%ng DNA
| eads t o tmansfieqtion soff gompehevti fhactepiatiuctelRBiA) (an ©edds athon

product (RNQhEId)). hapding %%ﬂgeeonwea%&- The3Rin ggegﬁti gtochaBtle for

exanpl e, enzymatic, functional,_or structural, One~” e nost 1 nportant
aspects geN&fe piBceddViiEor 8RhYSt oWheTe | ntRAY| ore | sipdgfinited¥rnits
the simg " S HmEeXrHEse®] ection of an- expl oitable product (RNA or
protein) and the gene which produces that product. In 17 addition, thed/
DNA synthetized and cl oned as described, can be selected or screened in
order toQlealndy, shanueidisiat to the procedures which were described

above, it is feasible to use all other methods which are

appropriate for the 5yhthesis of stochastic sequences. In

particular, it is possible to carry out polymerization, by

biochemical means, of single stranded oligomers of DNA or
RNA obtained by chemical synthesis, then treat these

ségments of DNA or RNA by established procedures to
' generate double-stranded DNA- (cPNA) iniorder to clone:such
- genes. - ' '

Screening or selection of clones of transformed host cells

" The further step of the procedure according to the

- invention consists in examining the transformed or

' transfected cells by selection or screening, in order to
isolate one or several cells whose transforming or
transfecting DNA leads to the synthesis of a transcription-
product (RNA) or translation product (protein) having
desired property.These properties can be, for example;
enzymatic,'functional, or structural. o

One of the most important aspects of the process; according
to the invention, is that it permits the similtaneous
screening or selection of an exploitable product (RNA or
protein) ‘and the gene which produces that product. In



DNA constituting products in thenselves, having exploitabl e biochem cal
properties. W shall now describe, as non-limtating exanples,
preferred procedures for screening or selection of clones of transforned
celI's such that the novel proteins are of gterest fromthe point of view
of industrial or nedlcal applications. f these procedures rests in the

i dea of produg dge16h , 0 Eegim gh%@%yﬂwg%recgigngangg %@cnbeao,t can

anti bodi es,’ y est ab agal nst
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t hese antlb di es es to.i.dentify anong the very | ar ge nunber of

cl ones transf +ﬂ%ﬁeﬂ§cgioeﬁ8§FF51§§nes t hose whose protein react w.th

t hese anti bodies. This reaction is a result of a structural honol ogy which
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or block the effect o eintrar molec

means of sel ekRterest §(¥|°§bn¢b© pejnit: o f vhewe oferindustr pahr ﬂﬁ‘cd\FQﬁj‘fQiil
and biochenggg.lcagp@hgcations Below we describe, as a non limting
exanple, this rst node of operation in a concrete case : EG-, (epiderna
growth factor) is a small protein present in the blood, whose role is to

sti.mul at e t heomgs opfhthesepigdtid@iresetésts INi ﬁheeﬁ.ﬁe&t ofl prodiiciinigsd oy

h f d h mb f
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ani mal s wi t h es¥abbiighed t bechnkijbles,( kéjilrelcted | iagacinst henoprotiedn oo
augnent thE3another type of molecule of biochemical or medical
interest, where that molecule is, or has been rendered,
- immunogenic, and thereafter using these - antibodies as
probes to identify among the very large number of clones
- transformed by stochastic genes, those whose protein react
with these antibodies. This reaction is a result of a
structural_homo;ogy which exists between the polypeptide
synthesized by the stochastic gene and the initial
molecule. It is possible in this way to isolate numbers of
novel proteins which behave 'as epitopes or antigeﬂic
W, determinants on the initial molecule. Such novel proteins
are - liable to simulate, stimulate, modulate, or block the
effect of the initial molecule. It will be clear that this
means of selection or screening may itself have very many
pharmacologic and biochemical applications.Below we

~describe, as a non 1imiting.example; this first mode of ~

operation in a concrete case :

EGF, {(epidermal growth factor) is a small protein present
in the blood, whose role is “to stimulate the growth of
epithelial  cells. This . effect 1is obtained by  the
interaction of EGF with a specific receptor situated in the
membrane of-epithelial_cells. Antibodies directed against
EGF are prepared by injecting animals with EGF coupled to



| mmunogenicity of the EGF. The anti-EGF anti bodies of the inmmunized aninmals .
are purified, for exanple, by passage over an affinity colum, where the
ligand is EG-F or a synthetic peptide corresponding to a fragnment of EG-.
The purified anti-EG- antibodies are then used as probes to screen a

| arge nunber of bacterl al clones %3sed by cloroform and on a solid

support._The anti - antl pdi es bi p‘d t hose s&ochast I C peptides or proteins
whose epﬁ-‘gpes :’@é‘ tht@Betyr RERECYRREPY al tohti fEMente  ERQnes
cont ai ni mgmuns:gelruqdmyt i 6l sther EGR.OtTheéSanti€EGBhantibodiais wHdthgr aphy
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| arge nu col’oni es acte I's or vir for exanpl e,
on the oPEé’F-fé\Edl'mQIOEGF amnltoms,es edseb| them. a;éteécta%xpr sy t@mld

quantiti ggre@n the offhege Of mlmBéBOgE:%m balctRrdhal N AAIGHUKCT - 1J8&d eabeny the
identified clagnes are cul tured i& proteins so detected are purified in

convent i GRSFORQFT, BRE OB Bt &P darsé‘PtPQ§tted The ARti-EGF cahrtibedies
epi t hel | pingeldose® debehmslaecl fpé;m}desﬂhabl proseﬁubatw&xosy épilubpés the

ffect f E t I

be. w111 2egenongy EEREeC af Ene WA i faEiden T W coirefPomes.
The acti ebhitainding he qm@lnel pepth.ds!sobtom neplruiammse i agreov exhdsgn mubyt i on of
the DNA cadinha 4 ng‘#ﬁaf@f@é?%nbﬁb%iﬁna%' %Uss&ﬂfci @gﬁpgﬁé%i@ﬁd

above. A vari ant ocedure consi sts

st ochast radgegatdas p9r9pepp| ddsr or OFr otafites, V\#ﬂl@hbétmobe ¥iddh asa

vacci nesrgalggﬁlg@qﬂlyaﬁ&m*eén@{bé nity agai nst a pathogeni c agent
or to-exercise other effects on the I nmuno ogi cal system for exanple, to

create a tol erance or di mi ni sh hypersensivity with respect to a given
anti gen, rhesearsteéps aiadneify invbe0cDénédpS@ach of which contains

one protein (and its gene) reacting with the screening
antibody. It is feasible to screen among a very large
number of colonies of bacterial cells or viral plaques (for
example, on the order of 1'000'000) and it is feasible to
‘detect extremely small quantities, on the order of 1
nanogram, of"pi'otei'n pfodu‘ci:. Thereafter, the identif.=d4
clones are cultured and the proteins so detected are
purified in conventional ways. These proteins are tested in N
vitro in cultures of epit‘helial cells to determine if they Nt
inhibit, simulate,: or modu’late'the effects of EGF on these
cultures. Among ‘the prote’ihs so obtained, some may be
utilized- for the chemotherapeutic treatment of

~ epitheliomes. The activities of the proteins thus obtained
can be improved by mutation of the DNA coding for the-

- proteins, in ways analogous to those described above.A
~ variant of this procedure consists in purifying these
stochastic peptides, polypeptides or proteins, which can be
used as vaccines or more generally to cpnfer an immunity
against a pathogenic agent or to exercise other effects on
the immunological system, for example, to create a
'i:oleranc;e or diminish hypersenéivity with - respect to a
given antigen, in particular due to binding of these



19 peptides, polypeptides or proteins with the anti bodi es directed agai nst
this antigen. It is clear that it is possible to use such pepti des,

pol ypeptides or proteins.in vitro as well as in vivo. Mre precisely, in
the ensenbl e of novel proteins which reactl® th the antibodi es agai nst a
gi ven antigen X, each has .at | east one epitope in common with X thus the
ensenbl e has REPEHARFD PRIYRPPLEPRE |OF c AFRANEIRS h Withrhitheyepmitibodies

utilization &iré@eean%e;ﬁxas@r twta.— eaﬁemaba asy€ VfE?Cb'l%atrO eﬁaéerlt is
I muni ty agai nst ﬁgl N for: argg J‘ﬂeasy to}‘géjrl ¥ one or ~several- of
the capsid prRREFHRI*Bf ?he1 ﬁe&é’ﬁ &% P 268 AT PIRtERBS g2
injected i ntwitranasevelloaseianpiep.a rabbit, and the ant i bodi es
corresponding to the initial antigen can be recover ed by affinity colum

purification. These antibodies may be used, as -described above, to identify
cl ones produdioxe apriegdselone pnottdien sasenbhlen ehi noyvelr egmtnélmg athilckast

one Ofaine cPidfpesytinl lihd i Mlodiel 080a:ABLCTs RUYdA OBk Rlen! RESRach

protei ¥ are used as” antigens e or i na W th the aim
of conferringd®$otddet |1@¢Eg‘ga% BPA%OPE siB. CFﬁ@mPPnaM’lbhodimt ithwsof thee

vacci ne does éﬁ%emEﬂé'ﬁ&sf&ﬁtéﬁseﬁﬁléséftép&h EEQ'hhﬁbo&ﬁbﬁpﬁﬂﬂhpxagths
Note that, during.the d i(}l’lptlon procedures above, a nunb

means to achi 1t cutidtzation, eé?ﬁ &ﬁa?@sﬁ e RXcFabensemble afede
pr oce]gure drraf’accﬁﬂﬁ]ellh £o ddiﬁerxurixﬁmmwnagamsmaw Ib It ais pr gbei exainpled
transforned clone., The r ot urificati an be ¢ r|e Qut. b

est abl i shed ?ﬁ%’ée%r ‘zglgfﬁdo Ei ?? 59' eF%&pg%t |t T &~PS PEERRE qlﬁ’ﬁs t&e
gel\hr omat oghemmy;tbg Bovieus ha'ngeseapuohemfsf icant \theah bennmglcapldy into
addi tion, S e an

cloned in. th orm orﬁ jf: pro’f‘g‘l‘ ns 'naw ng’“%cﬁl?]\'Sé exaaq'ﬁ#1 %h% seq%\é’g)ge %%
t he - gaq@zcte%pmébnenpprrethm dnigdadi tantigem; pyncmrmeogvems} by
agai nst ant| e{ﬁ:{ni%| é‘&i@xﬁndﬁﬁhi‘%at%heswh@%@ antibodies may be used,

as. descr:.bed above, to identify clones producing at least
~one protein ‘having an epltope resembling at least one of
the epltopes of the J.nltlal ant:.gen. After pu_rification,

n

these proteins are used as antlgens (either alone_ or in
comb:.natlon) with: .the. aim. _of;__coxkferr_lng __.grotection : -a_gainst.
hepatitis B. The final production of the vaccine does not
requi're further access to the J'.'nitiall pathogenic agent, _

i ~ Note that, during the descr_iption of the procedures ‘above,
| a number of means to achieve selection or screening lhave
'he_e'n descri_ped. All these procedure may require the
purification of a particular protein from a _transformed
clone. These protein purifications can be carried out by
established procedures and utilize, in particular, the -
technlques of gel chromatography, by ion exchange, and by
affuuty chromatography . In add:.t:.on, the prote:.ns
generated by the stochast:.c genes can have been cloned in
_'the form of hybr:.d proteins havzng, for example, a sequence
of the (3 - galactosidase enzyme which permits affinity
chromatography agaznst antl-e-galactosa.dase antibodies, and
allows the subsequent cleavage of the hybrid part (that is
to say, allowing separatlon of the novel part and the



al  ows the subsequent cleavage of the hybrid part (that is to say,

all ow ng separation of the novel part and the 20 bacterial part of the
hybrid protein. Bel ow we describe the principles and procedures for

sel ection of peptides or pol ypeptides gnd the correspondi ng genes ,
according to a second nethod of “scr@éening or - selection based on the

det eCt'Orbé’étéPfafaggftt %£Oh HeG tﬁf’@éef# ﬁg*%ﬁeetl%es tq,catal yse a

specific reactjon concret€e and * nhon eni ng
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- alact05|dase be descri bed bove descri the first

s?ep of. t5& c(e'ges%]g%# |%%Ms SGFeRMNG%: Mg eﬁ%cf#% gbasednian dhe

expr essi cﬁetmtmzs oﬁa’chee«ap&eSEygoﬂ dﬁébe U&gpmaeb Brroiﬂlfirpte-ﬁlﬂﬁts
oncrete,_fo choose.the p expressi on -véctor w

gl oni ng té éafé( ast‘?cgggﬁgg%ﬁcﬁgac to°"pNA in the Pstl restricti ONes,

site. The plasmds thus obtained are then int rodluced | nda cl o;e \g;[dE

coli fro t .f al act osi dase and a

second g(raﬂn%h%SB unref at efar{h’é‘ |t]lir;e fir ii'{‘1“%:btﬁ"t(y al%‘%"l&&er%utﬁé’et%%s Tal

- function, Sﬁﬂeﬁfétm hiPecthe| ma@y zasen qfenprod:elmishodapablsectofnost
cell's (Jataf}?é:ing ¥he Neieabhg§eblof h@.’ﬁ:‘%‘o\é@es fﬁmﬁi&.gl Y$€ £undthid

hydr ol ysi as -a consequgpce to-use | actose a on source
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sel ecti oddserimsd] -gal function. A convenient biological assay to analyse
transformed E coli clones for those which have novel genes expressing a ./
[err]-gal function consists in the culture of bacteria transformed as
descri beds mhnste idelatidsedonthe nfigsk- gatepnofheheegirodelss donsiedse , all

bact eri a';&%é}%ﬁtﬁ%&r&s%% Eiazjgeer "dnsilible of expression vectors,
each expressing a dJ.stJ.nct novel prote:.n. To be concrete,

" for example, one may choose the pUC8 expression vector with
cloning of stochastic sequences of DNA in the Pstl
restriction Sit'e. The plasmids thus obtained are then
:mtroduced J.n a clone of E coli from whose genome the

':natural gene- for 6'--galactoszdase; Z, and a ‘second gene

EBG, unrelated to the first but able to mutate towards
Q’J-gal function, have both been eliminated by known genetic
methods. Such host cells (2°, EBG ) are not able by B
them'seives' to catalyse lactose hydrolysis, and as a o/

'consequence to use lactose as carbon source for ‘growth,

_Th:.s perm:l.ts utilization of such host clones for screem.ng
or select:.on for @ -gal funct:.on.

A convenient biological assay to analyse transformed E coli -
' clones for those whlch have novel genes express:.ng a @'—gal
function cons:.sts in the culture of bacteria transformed as
described in petri dJ.shes conta:.n:.ng x-gal in the medium .
In this case , all bacterial colonies expressing a @ -gal
function are v:.suallzed as blue colonies. By u31ng such a
| b1010g.1ca1 ‘assay, it 1.s poss:Lble to detect even weak
catalyt:.c activity. The spec:.f:.c act:Lv:Lty of characterlstlc



function are visualized as blue colonies. By using such a biol ogical

assay, it is possible to detect even weak catalytic activity. The
specific activity of characteristic 21 enzynmes ranges from 10 and 10, 000
product nol ecul es per second. - Supposing thal a protein synthesized by a
stochastic gene has a weak specific activity, on the order of one nol ecule
per 100 secendymesi trangesi ifxonpob@i @And 10,000t gutodudic hmodledhlleisC per
activity. I n 8 ES}]E di sh containing X-gal in the medium ~and in the
presence £ non metabolizable inducer 1PTG '

(i sopropyl - Dt hi ogal act osi de) visualization of a blue region requi res

cleavage of aBagbobihbl tHat (£ photRiAC Wit héglzsk&gﬁg aPYtocHULY

mllinmeter. _bacterial colony expressi'ng a wea me an occup |%g a
surface area BRS[ 8r Weaka SRASHALIG AG4ivity | cpR) the |°§ err afane cndlegule

only one copypet theguegecondste itcagentils WPdsbSRs €o cadetese such
cl eavagz of bet vvein 10" 000 ,and- 10Q of x-gal Eéfé'g det ected, which, wp
requi r e~bet weSA31Yt1GqasFEVitEyrs. r‘Slané’gl'u‘:ri‘d 1 I%?W%@T?%%Sl’i‘tt?g

possi bl e to ampitm,t handunbrr thecoptesentecach pthémﬁo@erm@eébomzéble

rot e n of t neRaEFPTC AR TN (& xBerpRyd B, o Rip R Etan), M %; deieb ot
to detect a cal duél uegion heegudeesf ﬂ;@éavagysneoﬁolaimnEs wegk 10

t t f
? f\els\él f)a/tclto gr l@%?égh?"ﬁgnaaggrﬂ'garg ?\gnb%‘iﬁ in egg%ﬁgﬁéfbgcteﬁﬁgwgpfglo

col oni es, eacﬁOéQBYeﬁﬁfﬁf%ﬁmgf & e‘ﬁ@aho@ZYMean nPTERPYALRG e ac aplaEfaget o

expeess a [erglefabs fltmztusms §§ou§:h20 Tsqlepct 6 nce sl k1 eiigdbacH Sceflll hiis
feasible. It is_possible to R/e out - screeni ng of about 2000 colonies in

one Petri di sAR&Y PBHECFORYa ™RRk epgume2e fach Gelbianld Beed ko
screened on aca’aamysef_cleﬁ&lag%g&rf HBetwesnal @' 0B0cand 100 of x-gal to be

detected, which would require between 2.7 and 270 hours.
Since under selective conditions it is-possible to amplify
the number of copies of eaCh plasmid per'cell to 35 to 20
copies per cell, or even to 100 or 1000, and because up to
108 of the protein of the cell can be spec1f1ed by the new
gene, the duration needed_to detect a colony blue in the
case of 100 ehzyme molecules of weak activity per cell is
.on'the'qrdér of 0.27 to 2.7 hours.

. As a consequence of these 'facts, screen_ing ~a very large
number of independant bacterial colonies, each expre'ssing a
different novel gene, and using the capac:.ty to express a
%-gal function as the selection criterion, is fully

. feasible. It is _' possible to carry out screening of about
2000 colonies in one Petri dish of 10 cm diameter. Thus, -
about 20 million colonies can be screened on a sheet of X
gal agar of 1 square meter. |

It is to be noted that bacterial colonies which appear blue
on X gal Petri dishes might be _fal-sé positives due to a
mutation in the bacterial genome which'_ confers on it t;he
capacity to n_ietabolize lactose, or for other reasons than
those which result from a catalytic activity of the novel



It is to be noted that bacterial colonies which appear blue on X gal Petri
di shes might be false positives due to a nutation in the bacterial genone
whi ch confers on it the capacity to nmetabolize |actose, or for other
reasons than those which result froma catalytic activity of the novel

22 protein expressed by the cells of t4f colony. Such falfse positives can

be directly el.imnated by_purif n f the expr essi nvector from
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mut at i onremrahsfge'mm of t.EBGthtcobh.l hosti celksr eIefvehhea -Hmlbpendent
of he legRsbatnliotud Hs LhE HBORE! RQBt%@.' edled iy r@z&[cﬁ%g %rmﬁ o

t ransf or ne expr essi funct
zero. Thdnpdhe 6¥Pﬁﬁ§§19PmHQ%¥%usaB&r|¥hQ%ﬁ|6ﬁ16F dnansformad LY

vectors thaw afdctde mallt Ieaﬁai&p@ sul UBin &0 diP\ve in b e rftiraits OiﬂBMn
of naive Hacterla h tresse ugg‘?se t hat the ai mls .t'o. carry out

a screenf eot'é? %n%a?lﬁnﬁuﬁ & ﬁqt@tf"l%’ctlr’bnt nIeRPRE t he
pr obabi | blfythlaahoatnes&me,ptmﬂe.s)ra e e e e xiie mriMepeuhdéhtsoffuhet i on

| kl habi | | h
col | “bactEPParoRBet e ues "hnupiRs b ckriiy PE iR orEoad Ty g
out the séntramsfidrmed sE|[eol], capeblet ofarexpressing at egal hfunahboy 20

mllion g,r Rst,@r 132 rJgvhi ch are screened, 20 positive clones will be
attributable to the: nO\Q/;ﬁe genes 'in expression vectors which each s/

carries, while 200 positive clones will be the result of genomc
mut at i onphiBSsowdt i fd £ akaws Oslhﬂitﬁhébﬁ%s' pUryectat soh! ¢ t ka1t okpe of

220 Pogx'ialr\e%s:.o%ac%gz:ltglrs %rglrxltesall 11.1]:(-:9 \A%dosz.tf\/re clones (blue)
_followed by retransformatlon "of naive bacter:.a should be !
stressed. Suppose that the aJ.m is to carry out a screenlng
to select prote:l.ns hav:.ng a catalyt:.c functlon, and that
the probablllty that a new peptide or polypeptlde carries
~out this functlon at least weakly is 10 5',' wh:.le " the
probab111ty that . a clone of the E col:L bacterial host
undergoes a mutation rendering it capable of. carrying out
the same function is 107> ’ then':'_.t can be calculated that
among 20 million transformed bacteria which are screened,
20 positive clones will be attributable to the novel genes -
in expression vectors '_wh-ich' each cai:_z"ies, while 200
positive clones will be the result of genomic mutation.
Mass purifieation' of 'the eXpression vectqi:s' from the total
of 220 positive " bacter1a1 'c:'lbne's followed by
_ retransformat:.on of na:.ve bacteria w:Lth the mlxture of ’
these expresslon vectors will produce a large number of
| positive clones cons:Lst:Lng " of all those bacterla

- transformed with the 20 expression vectors which code for
" the novel protelns hav:.ng the desired functlon, and a very
'small number of bacter:.al clones result:.ng from genom:.c
mutat:.ons and conta:.n:.ng the 200 express:.on vectors which
are not of z.nterest .' A small number of ‘cycles of
pur:.f:.cat:.on of express:.on vectors from positive bacterial



retransformati on of naive bacteria with the m xture of these expression
vectors wll produce a | arge nunber of positive cl ones consisting of
al'l those bacteria transformed with the 20 expression vectors which code
for the novel proteins having the desired Zainction, and a very small nunber
of bacterial clones resulting fromgenom c nutations and containing the
200 expressi ml‘oed.tasr,s \ﬁbﬂ.d.bwed_e byotsucti rettramsfiormatdongnabllowsrbthe of

cycles of ]Pore:tec égélonogf eﬁéi’?oréﬁﬁf&é“;’{o 993{_, \gg xtl%-“:f“l'-lve 23

col oni es, such trans tion of very
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function. Follow ng screening operations of this type, it is possible to
purify the new protein by established techniques. The production of that
protein in F'o’irlgﬁvﬁiqﬁlrﬁdﬁeenir@ reper #os6n B! 6f byhibetype; itais possible
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screening of on the order of 100 mllion, even a billion novel genes for
a catalytic It is feasible to apply this method of screenmg for any
enzymatlc function for which an appropriate bJ.olog:Lcal
'assay exists. For such screenlngs, it is not necessary that
‘the enzymatlc functlon which is sought be useful to the
" host cell. It is possible to carry out screenings not only
‘for an enzymatlc_ funct:.on but for any other desired
preperty for which it is poss:.ble to establlsh an
' appropriate biological assay. It is thus feasible to carry
out , even in the simple case of B-gal f\inction visualized
\ on an X-gal Petri plate, a screening of on the order of 100
‘million, or even a billion novel genes for a catalytic
activity or any other desired property.

~ Selection of transformed host cells.

On the other hand, it is possible to use selection
techni.ques. for any property, catalytic or otherwise, where
the presence or absence of the property can be rendered
essential for the survival of the host cells containing the
expression vectors which code for the novel genes , or also
cah be used to select for those viruses coding and
expressing the desired novel gene. As a non-limiting, but
concrete example, selection for B-galactosidase function



activity or amy other desired property. Selection of transfornmed host
cells. On the other hand, it 1is possible to use selection

techni ques for any property, catalytic @g otherw se, where the presence or
absence of the property can be renderéd essential for the survival of the

host cell sSnamabai aesb&agemr eafisﬁpmﬁﬁe véiehe cofezFeBG NE Nwalli
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expressionin the present case, it is poss.tble to use selection
techniques ixutlally to enrich the representat:.on of host
bacteria expressing the (:3 -gal function, then carry out a
screening on a_l_?et_ri'__plat_e .6n x_-gal__medim_n to establish
eff'iciently which are the positive cells . In the absence
of convenient bloassays. appl:Lcatmn - of progéssively’
stricter selection is the easiest route to pur:.fy one or a
small number of distinct ‘host cells whose expression
vectors code for the proteins catalysing the desired
~ reaction. |

1

It is possible to utilize these techniques to. find novel
proteins having a large variety of structural and
functional characteristics beyond the capacity to catalyse
a specific reaction. For example, it is poss:.ble to carry
. out a screen or select for novel proteins which bind to
cis-regulatory: sites on the DNA and thereby block the
expression of one of the host cell's functions, or block
transcription of the DNA, or stimulate transcription.

- For example, in the case of E. Coli, a clone mutant in the
repressor of the lactose operon (i-) expresses @ -gal
function constitutively due to the fact the lactose



vectors code for the proteins catalysing the desired reaction. It is
possible to utilize these techniques to find novel proteins having a
|arge variety of structural and functional characteristics beyond the
capacity to _catal yse a specific reaction. ¥dr exanple, it is possible to
carry out a screen or’ select for novel proteins which bind to
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cloned in expression vectors are transcri

t hensel ves @dfith| cRNBf and DNA as products in themselves, having
exploitable properties. This results from the fact that, on
one hand, the procedure consists in creating stochastic
sequences of DNA which may interact directly with other
cellular or biochemical constituents, and on the other
hand, these 'sequences cloned in expression vectors are
transcribed into RNA which are themselves capable of

multiple biochemical 1nteract10ns.

An example of the use of the procedure to create and select

L for a DNA which is useful in itself.

'?his example illnstrages selection for a useful DNA, and
the'purificﬁtion and study of the mechanism of action of
regulatory proﬁeins which bind to the DNA._'Consider a
preparation of the oestradiol receptor, a protein obtained -
by standard techniques. In the presence of oestradiol, a
steroid sexual hormone, the receptor changes conformation
and binds tightlY-.to certain specific sequences in the
genomic DNA, thus affecting the transcription of genes
implicated in sexual differentiation and the control of
fertility. By incubating-a mixth:e.containing oestradiol,
. its réceptbr, and a large number of different stochastic
'DNA sequences inserted . in their vectors, followed by



mul ti pl e bi ochem cal interactions. An exanpl e of the use of the procedure
to create and select for a DNA which is useful in itself. This exanple
illustrates selection for a useful DNA, and the purification and study of
t he mechani sm of action of regul atory g oteins which bind to the DNA
Consi der a preparation of the oestradiol receptor, a protein obtained by
standar dgjaghaitdens. o8 thaePr ofBRGROf Q88658di @l . P et&Sr ObE1341H3L
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' oestrogens for the control of fertility and treatment of

sterility. ’ - ' o |

Creation and selection of an RNA useful in itself

Let there be a large number of stochastic DNA sequences,
‘produced as has been described and cloned ih an expression

" véctor. It follows that the RNA transcribed from these
sequences in the transformed host cells '‘can be useful

| products themselves. As a non limiting example, it is
possible to select ‘a stochastic gene coding for a _
suppressor transfer RNA (tRNA) by the following procedure : ot
A large number (2 108) of stochastic sequences are

~ transformed into competent bacterial hosts carrying a
"nonsense” mutation in the arg E. gene. These transformed
bacteria are plated on minimal medium without arginine and
with the selective antibiotic for that plasmid (ampicillin -
if the vector is puc8). Only those transformed bacteria
which have becomé_capable'of synthesiiing arginine will be

" able to grow. This phehotype can result either from a back
mutation of the host génome, or the presence in the cell of
a suppressor. It is easy to test each transformed colony to
determine if the arg+ phenotype is or is not due to the
presence of the stochastic gene in its vector; it suffices
to purify tﬁé'ylasmid from this colony and verify that it



produced as has been described and cloned in an expression vector. It
follows that the RNA transcribed fromthese sequences in the transforned
host cells can be useful, products thenselves. As a non limting exanple,
it is possible to select a- stochastic 2dene coding for a suppressor
transfer RNAégng\%%%%the fol] ow ng procedure : A Iarae nunber ([err])
of stochastic®® RYgH BheRQEEPS, RBJaLAt 8TE0RpELdAS BEansoamesoys
carrying a "nbpbsense" nmutation in the arg E. gene. These transforned
bacteria are plated on m nimal nmediumw thout arginine and with the
sel.ective antibiotic for that plasmd (anpicillin if the vector is pUC8).
Only those trSebdéckion bfcpaciteins ctapalvke boformtedyatilng of sgguenseziafy
arginine wll #Pdgst 0 grow. This phenotype can result either froma back
nmut ati on of t!l'g?'rcs‘r—genorre, or the presence in the cell of a suppressor.
It is easy to test each transformed colony to determne if the arg+
phenotype is gE1dw R UeddrdHe© aRbtHRACemehniheo Bt t ol Nohdh | o
vector=®it suffj]ces éé) gur%% the plasmd fromthis colony and verify that
i t 27 conf’é?ée%??” & pREPRILFIE1IORSy | BRSEE cep s thennsPEinedPhy i ©f
Sel ection of gimirtawecapalhd paradllely HeleckivHIUSHCE Sért8dft hanbekelorv
we describe anot hfr means_of sel ection op%n t 0.l ndependent _applications,
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certai n nunbesf ofeamtubdnps ot ei ns capabl e of catal ysing a connected sequence
of reactions. The basic idea of this nmethod is the followng : given an
initial ensenble of chem cal conpounds considered as buil ding bl ocks or
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chem cal -
building blocks or elements of construction from which it
is hoped to synthetize one or several desired chemical

compounds by means of a catalysed sequence of chemical
reac'_tion's, there exists a very large number of reaction
routes which can be partially or completely substituted for
one another, which are all thermodynamically possible, and

- which lead from the set of building blocks to the desired
target ~ compound(s). Efficient synthesis of a target
compound is favored if each step of at least one reaction
pathway leading from the building block -compounds to the
target compound is comprised of reactions each of which is
catalysed. On the other hand, it is relatively less
important ‘to determine which among the many independent or
partially independent reaction pathways is catalysed. 1In
the previous description, we have shown how it is possible
to obtain a vei:y large number of host cells each of which .
expresses a distinct novel protein._

Each of these novel proteins is a candidate to catalyse one
or another of the possible reactions, in the set of all the
possible reactions leading from the ensemble of building
blocks to the target compound. If a sufficiently large
number of stochastic proteins is present in .a reaction
mixture containing the building block compounds, such that



reactions, there exists a very |arge nunber of reaction routes which can be

partially .or conpletely substituted for one another, which are al

t her nodynanmi cal | y possible, and which Iead fromthe set of building bl ocks
to the desired target conpound (s). ®ficient - synthesis of a target

conpounfi is favored if each step of at |east one reaction pathway |eading
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probability that one connected sequence, of ctions |lead romthe set
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ext ended to the catalysis not only of one, but of several target conpounds

si mul t and&PAYOs’'ed on this principle it is possible to proceed as .-
follows in order to select in paraIIeI a set of novel proteins catalysing/
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reasonablbnilding blocks, utili21ng ‘preferentially a reasonably
large number of distinct chemical species in order to
increase the number of potential con¢urrent reactions
leading to the desired target compound.

- 2.Using an appropriate volume of reaction medium, add a
very large number of novel stochastic proteins isolated
from transformed or transfected .cells synthesizing these
proteins. Carry out an assay to determine if the target

. compound is formed. If it is, confirm that this formation
requires the presence-of_the*mixture of ﬁovel proteins. If ;J
so, then the mixture should contain a subset of proteins
catalysing one or several reaction pathways leading £from
the buiiding block set to the target compound. Purify and
divide the initial ensemble of clones which synthesize the
set of novel stochastic proteins, the subset which is.
required to_catalyée the éequence of reactions leading to
the tafget compound.

More precisely, as a non limiting example, below we
describe selection of novel proteins capable of catalysing
the synthesis of a specific small peptide; in particular, a
pentapeptide, starting from a building block set
constituted of smaller peptides and  amino acids. All



| ar ge nunber of di stinct chenical species in order to increase the nunber
of potential concurrent reactions |eading tggthe desired.target conpound.
2. Using an appropriate volunme of reaction rredl um add a very | arge nunber

of Inlovel Stﬁcwﬁmé& Oteftens c{&(&ﬁﬁﬁ:éd orw[aasfﬁﬁaarfr . &ct%tf t2ho
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pent apewgt i de, st art) ng onstitute
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by a |inear mole@inge sgéciag differpiis { \RfP Ble a&kﬁi\e%%ba%asornpﬂtw
fromthe am ng to _the carboxy t érm nus. Any peptide can be farned

single step b {hé + M Sral StFHANG EFOM B %%’brﬁﬂ#%‘?b})%pt’fdegp(tégeéf'
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i ndependent example HPLC (liq\ud phase high pressure chromatography),

" or paper chromatography. Formation of a peptide bond -
requires energy'_in a dilute aqueous medium, but if the
peptides participating in the condensation reactions are
ade_quat.ely. concentrated, formation of peptide bonds is
‘thermodynamically favored over hydrolysis and occurs:
efficiently in the presence of an appropriate.  enzymatic
catalyst, for example pepsin or trypsin, 'with_oﬁt requiring
‘the presence of ATP or other h:':gh eﬁergy compounds. Such a
reaction mixture of small peptides whose amino acids are
W - marked radiocactively to act as tracers with 38,' 14C 358,
constituting the  building block set can be used at
- -sufficiently high concentrations to lead to condensation
. - reactions. :

For example, it is feas:_i.ble to proceed as follows : 15mg of’
each amino acid and small peptides having 2 to 4 amino
"acids, chosen to constitute the building block set, are
dissolved in a volume of 0,25ml to 1.0ml of a 0,1M pH 7,6
phosphate buffer. A large number of novel proteins,
generated and isolated as described above are purified from
their bacterial or other host cells. The mixture of these
novel proteins is dissolved to a final concentration on the



reaction pathways lead to the synthesis of a specific target peptide.
Choose a pent apepti de whose presence can be determ ned conveniently by sone
comon assay technique for exanple HPLC (liquid phase, high pressure

chr omat ogr aphy), or paper chromatograpfy.. For mati on of a peptide bond
requires energy in a dilute aqueous medium but if the pepti des
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exanple, It is feasible to proceed as each.am no acid. and
smal | peptRdednddyises 2 BY schrPmatagraphychd &g o %b‘h‘é???ﬂ%éaf’ﬁélﬁu&l'm ng
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taken b ore addition o e m xt ure of “novel protelns. |quots are

anal ysedtob;Peré?#%nﬁ?BeF§pﬁ§ﬁ alsithe AeNedaf -brili Bgaciln pplaeeneivat er
(30:6 Zos%énahrﬁm&E@&m&ﬁoéb&pﬁﬂbV%lysls, it is possible to use

HPLC (high pressure liquid chromatography)" whidh_ is faster
and simpler to carry out. More generally, - all the ‘usual

' analytic procedures can be employed. Consequently it is
possible to detect a yield of the target compound of less
than one part per million by weight compared to the
compounds used as initial building blocks.

" If the pentapeptide- is formed in the conditions described

" @bove, but not when an extract is utilized which is derived
from host cells _'tr'ansformed by an expression vector o
containing no stochastic genes, the -f__orm'at‘ion of the
pentapeptide is not the result of bacterial contaminants
and thus requires the presence of a subset -of the novel
proteins in the reaction mixture.

" The following step consists in the separation of ' the
particular subset of cells which contain expression vectors
" with the novel 'proteins catalysing the sequence of
reactions leading to the target pentapeptide. As an
example, if the number of reactions forming this seguence
is 5, there are about 5 novel proteins which catalyse the
necessary reactions. If the clone bank of bacteria
containing the expression vectors which code for the novel



The chromatogramis dried and analysed by ninhydrin or autoradi ography
(with or wthout intensifying screens). Because the compound constituting
the building. block set are radioactively marked, the target conpound will
3e radi oactive and it will have specific ativity high enough to pernmit
etection at the level of. n Iace of standard chr.o hi ¢
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mutagenesis and selection on this set of 5 stochastic genes
allows improvement of the necessary catalytic functions. In
a case where it is necessary to catalyse a sequence of 20
reactions and 20 genes coding __now}el_ proteins need to be
isolated in parallel, . it suffices to adjust the
mult:.pl:l.c:.ty of transformat:.on such that each set of 10
 bacteria -receives 80% of the 106 stochastic genes, and to
use 200 such sets of bacteria. The probablllty_that all 20
novel proteins are found in one set is 0. 820 = 0,015,
Thus, about 2 among the 200 sets will have the 20 novel
genes which are needed to catalyse the format:.on of the
- target compound. The number of «cycles required  for
isolation of the 20 novel genes is on the order of 30.

The principles and procedures described above generalize .
from the case of peptides to numerous areas of chemistry in
which chemical reactions take place in aqueous medium, in
temperature, pH, and concentration conditions which permit
general enzymatic function. In each case it is necessary to
make use of an assay method to detect the formation of the
desired target compound(s). It is also necessary to chose a
sufficiently large number of building block compounds to



in each set which are transforned is about half the nunber of initial
genes, i.e! about 500'000. Thus, the probability that any given one of the
100 sets of bacteria contains the 5 entire set of 5 critical novel proteins
is (1/2)° 1/32. Anong the 100 inijg3zal sets-of bacteria, about 3

wi || contaln the 5 critical transformants. In each-of these sets, the
total numuemenit mmngpnmﬁersobnt;aﬁﬁﬂbﬁO@eqabheestMMidh(IthKKb Eﬂe
successi & Yool eg %m%&rmatotal nunber ‘of which is about 20 in the present
case, thi's gfo Squre sl ates the 5 critical novel genes. Follow ng
this, nutagenesis and selectlon on this set of 5 stochastic genes alloms
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them. Similary, it is poss1ble to select (or screen)_for
the capacity of these peptides and proteins to catalyse
among - themselves, hydrolysis, condensation,
transpeptidation or other reactions modifying the peptides.

" For example, Ehé'hydrblysis of a given stOchastic'peptide
by at least one member of the set of stochastic peptides
‘and’ proteins can be followed.and measured by radioz:tive
marking of the gi#en'p:otein followed.by an incubation with
a mixture of the stochastic proteins in the presence of
ions.such as Mg,Ca,Zn, Fe and ATP or GTP. The apperance of
radioactive fragﬁgnts of the marked protein is then g)
measured as- deséribed; The stochastic protein(s) which
catalyse this reaction can again be iéolated, along with
the gene(s) producing them, by sequential diminution of the
libfary of transfo;med clones, as described above.

An extension of the procedure consists in the selection of
" an ensemble of stochastic peptides and polypeptides capable
' of catalysing a set of reactions leading from the initial
building blocks (amino acids and small peptides) to some of
the peptides or polypeptides of the set. It is therefore
‘also possible to select an ensemble capable of catalysing
its own synthésisi'éuch a reflexively autocatalytic set can
be established in a chemostat where the products of the



augnment the nunmber of reaction. sequences which |lead to the target conpound.
The concrete exanpl e which was given for the synthesis of a target

pent apepti de can al so be generalized as follows: The procedure as

descri bed, generates anong other products, 33t ochasti ¢ peptides and

proteins. These eptides__or proteins,can ac catalytically.or in her
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extensi on of The prqcedyre consists in_tthe selection_of an enSepbl e of
st dehasti ¢ pé?)'_['?&é?lénodb%F’;?bEBH'-SBs ‘_&%pgi?ﬁ@‘(ﬂ‘e%aﬁﬁfiy_s?‘hby%?gﬁd%? -  The
reactions | eafppropriditd herédetich buvblldimey depelds(adnno thel dnunitiers Ml
peptides) to so oi t he ge tides gr golyﬁggl es Otttg-.ﬁ set. It is
t herefore al §B°f>%%‘§ ¥ SRECLRFBEeGn BRTe e CORGEBTE ARG DSRESRRTY $Dwn
synthesi s; sufdwar redi¢ ekormayiant ofapepytide bendsapvesr ¢hedh hyidxblysis.
chenost at Whefl?etgfsgi::fg“%&an()fof hrgolecular species of an autocatalytic
ensemble is free to vary or change due to the emergence of
variant autocatalytic ensembles. . The peptides = and
polypeptides which constitute an autocatalytic set may have
certain elements in common with the large initial ensemble
(constituted of coded peptides and polypeptides.as given by
our procedure) but <can also contain peptides and
- polypeptides which are not ) coded by the énsemble_ of
stochastic genes coding for the initial ensemble.

The set of stochastic genes whose products are necessary to
establish such an autocatalytic set can be isolated as has
been described, by sequential diminution of the 1'ibrary of
transformed clones. In addition, an autocatalytic set can
contain coded peptides initially coded by the stochastic
genes and synthesized coritinuously in the autocatalytic
set. To isolate this coded subset of peptides and proteins,
the autocatytic set can be used to obtain, through
immunization in an animal, polyclonal sera recognizing a
very large number of the constituents of the autocatalytic
set.



33 reactions are constantly di | uted, but wher e t he
concentratibn of the building blocks is nmaintained constant.

Al ternatively, synthesis of such a set is aided by enclosing the conpl ex
set of peptides in Iiposones by standa34l techniques. In a hypertonic
aqueous .environnment surroundi ng such |iposones, condensation reaction
form ng Mef& F&RA dean | dfer tiddzedotic soreem e thesi ddbiraeyl | pdsones,
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i solate this coded subset of peptides and proteins, the autocatytic set can
be used to obtain, through i munization in an aninal, polyclonal sera
recogni zing a very |large nunber of the constituents of the autocatal ytic



set. 34 These sera can be wutilized to screen the library of
stochastic genes to find those genes expressing protei NS a i

wth the anti bodies present in the sera. This set of st

expresses a | arge nunber of coded stochatic pr ot ei H nmmmmﬂwﬂw& st
I n the autocatalytic set. The renai nder of the coded censtitwen uch

an autocatalytic set can be isolated by serial dimnution of the library of
stochastic genes, fromwhich the subsetciggiMgct ed by i nmunol ogi'cal nethods
has first been subtracted. Such aut ocafalyfrc sets of peptides and
proteins, obtained as noted, may find a nunber of practical applications.
CLAIMS 1. Process for the production of peptides or pol ypepti des by

m cr obi ol ogi ga ri e h
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having the s
N the productlon of proteins expressed by each of these

‘stochastic genes, that screening and/or selection is
carried out on such clones of transformed host cells to
identify'those clones producing peptides or polypeptides
having at least one'specified property, that the clones so
identified are isolated, then grown in a manner so as to
produce at least one peptide or polypeptide having the said
property. - |

2. Process according to claim 1, characterized by the fact
that the genes are produced by stochastic copolymerization
of the four types of deoxyphosbhonucleotides A, C, G, and
T, sterting from the two extremities of an expression
vector which was previously linearized, then by formation
of cohesive extremities to create a first strand of
stochastic DNA constituted of a molecule of expression
vector possessing two stochastic sequences whose 3'
extremities are complementary, followed by synthesis of the .
second strand of the stochastic DNA.

3. Process according to claim 1, characterized by the fact
that the genes are produced by stochastic copolymerization
of double stranded oligonucleotides which do not have
cohesive ends, in a manner so as to form fragments of
stochastic DNA, followed by ligation of these fragments in
an expression vector which was previously linearized.



2. Process according to clai m 1, characterized by the fact that the genes
are produced by stochastic copol ynerization of L m

deoxyphosphonucl eotides A, C, G and T, startin ,!mllm'“u”m” tremties
of an expression vector which was prev3®usly |linéarfzed, ®hén by for mation

of cohesive extremties to create a first strand of .stochastic DNA
const i t utded FFoce S| 2REPEALRI ckPr 643180 2y &t o FRAASkHE2e® RBYobhastic

- sequenceFadtoshat thd Siplé£5icH SvEOEPE eiBNhapYashol| owed by synthesis of
t he second strand of the stochastic DNA. 3. Process according to claiml,
characterized by the fact that the genes are produced by stochastic

copol ynesi.z&#ntavesd alochdt@ingr todedadin gonuwHaardcitasi add dby deheotfakave

COheSiVet%%%sftﬂ{i%ﬁg?%oﬁ%@tép:[- rghééagments of stochastic DNA,

fol |l oned i ga ese Tragnents In an expression vector which was
previously |inearized. 36 4. Process according to claim2 or 3,
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Process according to claim4, characterized by the fact tﬁat t he _expreSsion
vect or i P¥pUde gﬁcprﬁ%-miﬁWtBeeFQFnﬂ?@r fragment efaVi&edri zed
by the faafa.that expression vector is a fragnment of viral DNA. 7. Process
according to claim 2 or claim3, characterized by the fact that the
expression vector is a hybrid of plasmd and viral DNA. 8. Process

accordi ng .t Pxdcess latcopdingataeckeriized Dyor held et 3} haharhetbadizede! | s

are prokaryotic cglls. 9. _.Process : | | ai 1 100y agleeri zed
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to cl ai mpg,asstiad sandrvixall BNAhe fact that the cells are chosen anong HB1

and C60. 11.Process according to claim3, characterized by the fact

8. Process according to claim 1 to 6, characterized by the
fact that the host cells are prokaryotic cells.

- 9., Process according to claims 1 to 7 characterized by the
fact that the host cells are eukaryotic cells.

10.Process according to claim 8, characterized by the fact
that the cells are chosen among HB101 and C600.

‘11.Process according to claim 3, characterized by the fact
"that the oligonucleotides form a group of palindromic
‘octamers. | : :

12.Process according to claim 11 characterized by the fact
that the group of palindromic octamers is the following
group ' '

5' GGAATTCC 3'
5' GGTCGACC 3'
5' CAAGCTTG 3'
5' CCATATGG 3'.
5' CATCGATG 3'



that the oligonucleotides form a group of palindrom [s.
12. Process according to claim 11 characterized by the fi@ﬂ/‘mﬁmm p
of” palindrom c octaners is the follow ng _&up: 5" GGAA cO LIy cC
3" 5 CAACCTTG 3' 5" CCATATGG 3" 5 CATCGQAgI 3 37 13. Process according
to claim3, a J . fact he @ligonucl.eotjdes form.a
group of pal ??d%&ﬁ%%%%a%ﬁésﬂ?ﬁ4egP‘r:%ggéls%écgg’ra&i%ﬁ&%r&zada%x 1{'{‘3 act
charact eri zeghgf t kdef aol igonsiclectddepn ofiermof a pgrongr oofc pabprdremsc s
the fol | ow nge@ers,5’ XTCGCGA 3' 5' XCTGCAG 3' 5 RGGTACC 3' where X = -

A G C or T, 'and R= Aor T. 15.Process according to claim4 and one of
the claim 12 or 14, characterized by the fact that one first isolates and

purifies theidranefeocessg aa%zdﬂrn‘c?/edof roTa £m Cl3t,ur éh&fatfelepeadedy ctaaes

of transfor ost_.cel | 5.obtai ned by proceedi i p'the manner specified in
claim 11 or m?%cgl aitt]ﬂ%, ﬁ:ll"rﬁen FEEHP or%gcﬁg%%‘ggw?f %%Pmeﬁﬁ néﬁnstgﬁ at
| east one refplilowimyg g@roupe swvhi ch coresponds to a specific restriction
site pke%ent in these palindronm c octamers or heptaners, but absent from

t he expression vector being utilized, that one thereafter simultaneously
treats the ensenble of linearized sI'ocKESEC@ADN fragnents so obtai ned by

T4 DNA I'igase in such a manner as tg» og(gﬁ«g&@ ngw ensenbl e of DNA

cont ai ni ng new stochastic sequences, an
_ 5' RGGTACC 3°'

w where X = A, G, C, or T, and R = A or T.

- 15.Process according to claim 4 and one of the claim 12 or
14, characterized by the fact that one first isolates and
purifies the transforming DNA derived from a culture of
independent clones of transformed host cells obtained by
proceeding in .the manner specified in claim 11 or in claim
13, then that one cuts the purified DNA by means of at
least one_reétriction enzyme which coresponds to a specific
restriction site presen't in these palindfomic octamers or
heptamers, but absent from the expres_sion vector being
utilized, that one thereafter simultaneously treats the
. ensemble of linearized stochastic DNA fragments so obtained
by T4 DNA ligase in such a manner ‘as to create a new
ensemble of DNA containing new stochastic sequences, and
that one uses this new ensemble of transforming DNA to
transform host cells and clone such genes, and finally that
one carries out screening and/or selectibn and isolates the
new clones of transformed cells and that one grows these so
as to produce at least 6ne peptide or polypeptide having a
desired property.

'16.Process according to claim 1, _characterized by the fact
that the said property is the capacity to catalyse a given
chemical reaction.



t hat one uses this new ensenble of transform ng DNA to transform host cells
and cl.one such genes, and finally that one car [y mﬁmﬁmng and/ or
sel ection and isol ates the new cl ones of tranSInﬂmmm t hat one
grows these so as to produce at |east 3me peptide br bolYypépt fde having a

desired property. 16.Process according to claim1, characterized by the
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characterized by t fact,,That the said property 1s the capacity to
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bi ol ogi cal Iy active conpound. 22:Process accor di ng to claim21, _ o/
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that ~ the said property is the capac:.ty to modify
select:.vely the chemical and/or blologn.cal propert:.es of a
given compound.

20. Process accord:.ng to claim 19, characterized by the fact
that the said property is the capac:.ty to modify
selectively the catalytic activity of a"po'l_ypeptide.

21.Process according to claim 19, c.haracte'tized by the fact |

that the said property is the capac'ity to simulate or

mod’ify at least one biological function of at least one \__,
o biologically active compound.

22.Process according to claim 21, characterized by the- fact
that the said b:.ologically ‘active compound is chosen among
the hormones, neurotransmxtters, adhesion or growth .
factors, and specJ.fJ.c regulators of repllcatlon and/or
‘transcription of DNA, and/or translation o_f RNA.

23.Process accor<.ng to claim 1, characterized by the fact
that the sald property is the capac1ty to b1nd to a given
ligand. :



the hornones,. neurotransnitters, adhesion or gro and
specific regulators of replication and/or transcrip wgﬁ HMOr
translation of RNA. 23.Process according tqQ claim 1, charac

fact that the said property i's the capacit %0 bind to a gi ven Ilgand
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a given antigen cess according to claim19 and 25, characterized by
the fact that the said property is the capacity to sinulate or nodify the
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obt ai to identify those clones containing those peptides or
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havi-ng a pharmacol ogi ¢ and/ or chenpot herapeutic action. 28. Peptides  or
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specific for preparing antibodies against that molecule, and utilizing
these antibodies so obtained to identify those clones
-containing those peptides or polypeptides, then by growing
the clones thus identified and séparating and purifying the
peptide or polypeptide produced by these clones, . and
finally by submitting these peptide(s) or 'polypeptide_(s) to
an assay in_ vitro to verify that ‘it has in fact the
capacity to simulate or modify the effects of the said

molecule.

27.Peptides or polypeptides obtained by - the process
according to claim 1 or claim 26, utilizable as active
substances having a pharmacologic and/or chemotherapéutic
action. |

28 .Peptides or polypeptides, 6btainéa by the process .
according to claim 25, utilizable to diminish, in vitro or
“in vivo, the co_nc_entration of free _antibodies, speci_fic for
the said antigen, by formation of bonds between these
paptides or polypeptides and these antibodies.

29.Peptides or polypeptides, according to claims 27 or 28,
utilizable as 'agent_s to suppress immunological
hypersensitivity.



to claims 27 or 28, utilizable as agents

i mmunol ogi cal hypersensitivity. - 40 30. Peptides %r " polypeptldes
obtained by the process according to «clainRk5, wutilizable as agents
to creaIEOIBéptﬁdes wolrh Tpedpypeptiideishe el bmed geby 31hBrog&&me&@cording
to claim iz he t Peptides
or pol ypep Ogégﬁa ?B Sgagézg L@E&%%gggg accor%g% alnl %
utlllzabIGOl©¥aBﬂ§ Uhéhnrﬁépapéutpctbﬁeaﬁﬁénan¢ﬂgsphtheI|onas 33. Process
according to claiml1, characterized by the fact that clones of transforned
host cells. produci ng peptides or pol ypepti des having the de5|red operty
are ident3}+RBEOGRAS| a6FRELANT £p claim dpyy charagterizag dhyh (ﬁ%
ant|bod|eghg@rﬁﬁépaﬂdhggntQsaggpoteln expressed by the natural fragnent of
the DNA hybrid. 34.Process according to claim33, characterized by the~fact
that the natural fragnent of the DNA hybrid contains a gene expre55|n@bi
[err] -ga:kacpéptﬂaee axd tﬂaolypepti@lmtlbbealm i slm}at ¢he t lprocsmg

cl ones of I y r.o h

anti - [er?%ciféégé s%g'azi‘“r']'{] o'dl %@F%cggg %@cor g‘% r}%’quﬁurtﬁ'\# or
cl aim 34, tceatmeneroieepbyhe&eoma§b that after expression and purification
of the hybrid peptides or polypeptides, the novel fragnents are separated
and isolated. 36.Applicatiagn of the process according to claim25 or claim
26, for thd-Presasst P&ﬁogﬁlagvat&mé%rﬂaf aeharasearpgednbyr dbhe tfaqt .-

aﬂtl bod: e@haeaemghea BE! lkeansiforag@nhoate cellay Prbditd i geptadeeve fy. W/
those ¢ onef Bégtggegghav1ng the desired property are identified and
isolated by affinity chromatography on antlbodles

the said antigen, by formation of bonds betmeen t hese
pol ypeptides and these anti bodi es. 29. Pepti des \m\“\mm ﬁi\ accordi ng

corresponding to a protein expressed by the natural
fragment of the DNA hybrid.

34.Process according to claim 33, characterized by the fact
that the natural fragment of the DNA hybrid contains'a'gene
expressing @'-galact051dase, and that one identifies and
‘lsolates the 'said clones of transformed cell ‘- hosts- by
affinity chromatography with anti- @ -galactos idase
antibodies. '

35.Process according to claim 1, or claim 34, characterized
by the fact that after expression and purification of the

. hybrid peptides or polypeptides, the novel fragments are
separated and isolated. '

36.App1ication "of the procéss. according to claim 25 or
claim 26, for the preparation of a vaccine, characterized
by the fact that antibodies against a pathogenic agent are
obtained and used to identify those clones producing at
least one protein having at least one epitope similar to
one of the epitopes of the pathogenic agent, that the
corresponding clones of transformed host cells are grown in
such a manner as to produce this protein; that the protein



| east one protein hav.i ng at | east one epitope simlar to
epi topes of the pathogenic agent, that the cqrrespondi ng allgm ”@ il”"l,””"l
transformed host cells are grown in such a ddnner as to produce whis s '«
protein, that e projein 41 is isplated and purified fromthe cul tures
of clones of C%P| sf%%#%%t ﬁsp‘b?%fg?‘i &§°ﬂ‘se§??orc"t]rfé“iﬁ%dﬂgt iGAPRAS g0f
vacci ne agai nscelle padhdbhati thdgeproteinAdp iuseid oforicthe dprgdhotibni 6E38.
for the preparghi f santi - KHVB i ne,..characterized by the fact that
at | east one cg%glegn%r gggl"%‘r%f tt%eﬁ%%%#m‘f i%geé%'r acted and purified, .
that this protein is injected into the body of -an ani mal capable of formng
anti bodi es agagfshpbiksalkspel hese ' j €S care 0

purified, that thegg anta}eé%?ﬁ eéshcac;ré@%n deéoc[igteiﬁ%'tﬁ%ée% onégégggggg?ﬁg
at | east one pPEt & anki THVBt vRegineenchapiackerigied | by tbeofiac) that at

epi topes of thee&BY ¥neUtagdidd rﬁﬂﬁéﬂxprk?f e L8PS LRI i?%xfﬁééea and
COI’I’GS:pOﬂdI ng to t?g;g cl ones are grown |1 n a nmanner to pI’O uce this
{4

proteiwny that PRFL ethats thig pretednd isudndested ointecthe cbedyref an

host cells, aafihldt chbabler G formint eaht DhodfesPaMHIOt W s aprotein,
anti - HBV vacmﬁg. 38 Process according Tto claiml1, characterized by the
fact that the TR3F cHresecARtiRodiesars | xeGPVErat ARG apesﬁlﬁépe, that

whose  genonethesent antibodikis hedre tfiged- Ndid!r afdeAtikydaleldsesi de¥énes
nd,.that these transfor

, t he EB th ' E | ] d
Post coll s ar PEERVEIEY PR dPaBty e REohe L BAUIRGA oY deaste HE CRY EoPe
éP@ ttgap c!{_csﬁnimrchoapm_qomg%!«f tépli.t{:pfets] oftgf]dlww d&i&ufsuncllihm the
eteCted in ur ieu, tha erea i s i s transplan 0
a clone of ho?%ﬁ%%sogfpg}%ﬁﬁszftog"\egr Fﬂﬁ_stcrq spF@&fcﬁﬁQﬂP%’fn%t Peaéﬁg%ne
peptide, pol yptlrenels arepgeoeinn im ta fannédr -gal prodeceadhifsupatotoxin, that
39. Process aco{f Ngrbeeihd {8 11s618£88! Ghit? PheVeid¥ E36h these cultures

of host cells, and that this protein is used for the
production of an anti-HBV vaccine. '

' 38.Process according to claim 1, characterized by the fact

that the host cells consist in bacteria of Escherichia coli

type, whose genome contains .neither the -natural

'p-'ga'la"cto'sidase gene, nor the EBG gene, that is 2 ,EGB™ E

coli, and that these transformed host cells are cultured in

an X-gal medium also containing the inducer 1PTG, that

~ lclones which are positive for @ -galactosidase function are

- detected in the culture milieu, that thereafter this DNA is

transplanted to a clone of host cells appropriate for

. industrial production of at least one peptide, polypeptide
' or protein with @-galactosidase furic_:tion;

39.Process ac.-:cording to claim 1, characterize'd by the fact
that the said property is the capacity to bind to a given
compound. o _ T

40.Process according to claim 39, characterized by the fact
that the said compound is chosen among the
petpides,polypeptides and proteins.



that the said property is the capacity to bind to a given compound.

40. Process according to claim 39, characterized t he
said conpound -is° chosen anong the pet4 " ﬂ" a I E and
" proteins.’ 42 41. Process according tggcl ai m40,* characteriszed by the fact

that the said proteins are proteins regulating the transcription activity
or repli d&LMncefssDMco@:ﬁrgndssscb&nmrm hocharatcteni 364 hjnathetéacted by

t he fact t the sa o] q.lé[]% ch n e and
RNA. 43. ﬁ?‘%t%EI ns obtgfgﬁgdn% lésrocggg a corgll%?rgg to =%al or cFal m 42.
44, Proce§§aﬂéﬁrﬂm§H&nmﬂﬁﬁlvﬁtXﬁOvaePl#ﬁ#t@@@r¢§e@be the fact that, in

the sanme mlieu, genes which are at least partially conposed of stochastic
synt heti c polynucleotldes are produced, that t he genes so, produced are

i nt r oducéd -PrOSemEs @ccanding P matair 3%, Fhatretarized by Eher fact

transf or gpathaple @lid coniptind hbs eclid Selr MOnGOLthe s6gReREEseoENDRAendent
clones of th ost cells so produced, that screening and/or selection-rs

carried 898 *his ensenble to identify those host cells which contaiye
t hose stochastic sequences of DNA having at |east one desired property, and

that suchSoadke a0l et ALamkhaddisatatied suLbuRsaco'ed herbe! agel o

45. Process "accor arm errze e said
propertyowscﬂheﬂbd@a0|ty to - bind to given conpound. 46. Process according to
cl ai m 45, characterized by the fact that the said conpound is chosen

anong the peptide eptides and proteins. 47.Process accordlng to
ol ai m 45 44cREORASS | SRK E%gtgsoﬁaetlpnap £ ONA, eharachkemieed dysthe

conpound faickgutifét PO int hehe same milieu, genes which are at least -’/

partially composed of stochastic synthetic polynucleotides
. are produced,_that_the genes so produced are introduced
into host cells ac a manner to produce an ensemble of
transformed host cells, that these are grown SO0 as to
produce independent clones of the host cells so produced,
that screening' and/or' selection is carried out on this
ensemble to identify those host cells which contain those
stochastic sequences of DNA having at least one desired
property, and that such DNA is 1solated from the jdentified
cultures of the host cells.

45, Process according to claim 44, characterized by the fact "
that the said property is the capac1ty to bind to given
compound.

46 .Process according to“claio-45, characterized by the fact
that the said@ compound is chosen among the peptides, .
polypeptides and proteins.

47 .Process according to claim 45, characterized by the fact
that the said compound is a compound regulating the
:transcription activity or the replication of DNA.



transcri,ption activity or the replication of Process
according to ¢laim47, characterized by the fact t hat t ﬂlﬂ@ﬂﬂlﬂ"“ﬂ"P&EHIS
a regulatory protein controlling the transcription or
49. Utilization of a sequence-of DNA obt ai el by the process according to
cl ai m46, or m 47, as |s requl at or quanc re at o]
transcripti oﬂgogrS"ﬁéFgﬁESPF 3%' rfg](?’d'?/ % e’!ﬁ)" e&e:sgeé‘cb Qp%f?%t
claim 42, chehatt ehiez eshild/ d:dsmpcbmd fkak tteguladicsiyn purittedimetbntrel t hrg
capacity to n%%AE¥ &ggf& de fggé iéﬁ' étﬁhiepllcatlon or the

i 8 |za a G

stability of 1on o e|n tained by the process
according to claim48, to nmodify the transcrlptlon replication or

stability of 49 52448368i0h Q¥ Benkilde c&ot 1A St Thhéd 9P UERS CpPbcdbE

and expressing this protein_ 52.Process for e production of RNA
char act er i ze@CHPTEABY &Q chadm 46 ¢ h@rsaﬁ%ah’Pl i*du, 38nés Wcﬁe%\aﬁaﬁ?ry

| east parti akeyuen®eosst PépiiohiebnC it cEhansceipeignuoifed i nesghbering
produeed si mul taneousl at the genes thus obtained are introduced in
host cells i FeHYFRSTTe %tg *oduce an ensenbl e of transforned host cells,
that the independent clones of transforned host cells so produced are grown

| t % p At

This ensenbl E0-RERoREs Ao RHAiY, M AIELE 020 o RlkaPlorl fed by CheCFhctr
st ochasti c supaanm @rrmnmwmgaanedeagveort@ed@mw drermgdifndthgat
the RNA is i 39l3lediER hgceﬂ,w{,es tHe NPEH1ECAES0RD bUCNNd | Bability

53. Process accor Ing to aim 52, tharacterized by the fact that the said
preperty is Q@@pa0|ty to bind to a given conpound.

51.Utilization of a protein obtained by the process
according to claim 48, to modify the transcription,
replication or stability of a sequence of DNA in -a cell
oontaining this sequence of DNA and expressing this
protein.

52.Process for the production of RNA, characterized by the
fact that, in the same milieu, genes which are at 1least
pértially composed of synthetic stochastic polynucleotides
are produced simultaneously, that the genes thus obtained
are introduced in host cells in a manner to produce an
ensemble of transformed host cells, that the independent
clones of transformed host cells so produced are grown
simultaneously, that a screening and/or sélection is
carried out on this ensemble in a manner to identify those
host cells containing stochastic sequences of RNA having at |
least one desired property, and that the RNA is isolated
from the cultures of host cells so identified.

53.Process according to claim 52, characterized by the fact
that the said property is the capacity to bind to a given
compound.



* ? .
54. Process according to claim52, characterized ﬁi t he -fact that e said

property is the capacity to catalyse a given che mc“"llmﬂguilm* gbg?geisg

caccording to ctaimb52, characterized by the fact
to be a transfer RNA. 44
54 .Process according to claim 52, characterized by the fact

4
that the said property is the capacity to catalyse a given
chemical reaction. ' '

55.Process according to claim 52, characterized by the fact

that the said property is to be a transfer RNA.




