2055382 NICRCBIAL EXPRESSI ON OF QUASI --SYNTHETI C GENES Geneti ¢ Expressi on '
The DNA (deoxyrlbonuclelc aci d) of which genes are nade conprises both
prot®i n-encodi ng or "structural"™ 5 genes and control regions nedlate
the expression of their information through provision of sitééaf
pol yner ase blndlng, information for ribosomal binding sites, etc. 1éncoded
ein is "expressed" fromits corresponding DNA by a nultistep process
within an 10 organism by which: 1. The enzyme RNA pol ynerase is acti -
vitated in the control region (hereafter the "promoter") and travels along
the structural gene, transcribing its encoded information 15 into
messenger ribonucleic acid (MRNA) until transcription is ended at one or
nore "stop" codons. 2. The nRNA nessage is translated at the ri bosones
into a protein for whose am no 20 aci'd sequence the gene encodes,
beginning at a translation "start" signal, nost commonly ATG (which_is_
translated "f-nmethionine"). In accordance with the genetic code, DNA
specifies. -2- each amino acid by a triplet or "codon" of three adjacent
nucl eotides individually chosen from adenosine, thym - dine, cytidine and
guani ne or, as .used herein, ATC, or G . Thesg appear in the coding strand
or- codi ng sequence 5 of double-stranded ("duplex") DNA, whose renaining or
"conpl enmentary”. strand is fornmed of nucleotides ("bases") which hydrogen
bond to their conplenents in the coding

" MICROBIAL EXPRESSION OF QUASI-SYNTEETIC GENES

Genetic Expression _
The DNA (deoxyribonucleic acid) of which genes

ere made comprises both protein-encoding or "structural"
5 genes'ahd conﬁrol regions that mediate the expression of
| their information through prdviSion of sites for RNA
polymerase binding.'iﬁformation for ribosomal binding
Sites, etc. Encoded protein is “ekpressedf from its
~ corresponding DNA by a multistep process within an
10 organism by which: -
1. The enz&me RNA polymerase is acti-
vitated in the control region (hereafter the
"promoter”) and travels along the structural
gene, tranectibihg its encoded information

15 | into messenger rlbonuclexc acid (mRNA) until
ranscription is ended at one or more "stop"
codons.

2. 'The'mRNA'message is translated at
the rlbosomes into a protein for whose amino
20 acid sequence the gene encodes, beginning at a
' translation ﬁstart” gignal, most commonly ATG
- (which is translated "f-metaiosnine®).
In accordance with the geretic code, DNA specifies

{
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d. A conplenents T[err] and C conplenents G These and .ot her

3¢h in Benjam n Lewin, Gene Expression |, 2 (1974) and 3 (1977), John

separate DNA fragments are talloreazln one way or another to facilitate: \_ﬂ;b

and Sons,

N. Y. -DNA C eavage and ngatlon A variety of techniques are-

""subjects relating to the background of the 10 invention are discussed at
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DNA c1eavage'and Ligation
. - A variety of techniques are available for DNA

recombination, according to which adjOining ends of
separate DNA fragments are tailored in one way ot another
to facilitate ligation.: The latter term refers to the

“formation of phosphodiester bonds between adjoining

20

25
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nucleotides, most often through the agency of the enzyme
T4 DNA ligase. Thus, blunt ends may be directly 1ligated.
Alternatively, fragments containing complementary single

strands at their adjoining ends are advantaged by'

hydrogen bonding which positions the respective ends for
subsequent ligation. Such single strands, referred to
as cohesive termini, may be formed by the addition of
nucleotides to blunt ends using terminal transferase,

and sometimes szmply by chewing back ‘one strand of a

blunt end with an enzyme such )(-exonuclease. Again,
and most commonly, resort may be had to restriction endo=-
nucleases (hereafter, 'restriction enzymes ), which
cleave. phosphodiester bonds in and around unique se-
quences. of nucleotides. of about 4-6 base pairs in length
(" restriction sites'). Many restriction enzymes and
~their- recognition sites are known._ See, e.g., R.
J. Roberts, CRC Critical Reviews in Biochemistrg, 123




quences;. the protruding or "cohesive" ends can reconbine 5 by base
palrlng When two different nolecules are cleaved with this enzyne,
crossw se pairing of the conplenmentary single strands generates a new DNA
mol e- cul e, which can be given covalent integrity by using ligase to seal
t.he single strand breaks that remain at 10-34e point of anneallng
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Cloning Vehicles and Recombinant DNA
15 | For present purposes, a "cloning vehicle" is a
' nonchromosomal ;ehgth of duplex DNA comprising an intact
replicon such that the vehicle can be replicated when
placed within a unicellular organism ("microbe") by
ttansformatiqn. An otganiSm so transformed is called a
20 "transformant®. Presently, the cloning vehicles commonly
" in use are derived from viruses and bacteria and most
commonly are loops of bacteria DNA called "plasmids".
Advances in biochemistry in recent years have led
_ to. the cgnst:uction of "recombinant” cloning vehicles in
25 which,lfor example, plasmids are made to contain exo-
'gengus bNA._ In paftiéular instances the recombinant may
include "heterologous® DNA, by which is meant DNA that
codes for polypeptides'Q:dinarily*not produced by the
organism susceptible to transformation by the recombinant
30 vehicle. Thus, plasmids are cleaved with restriction
enzymes to ptovide linear DNA having ligatable termini.
These are bound to an.exogenods gene having ligatable
termini to provide a biologically functional moiety
with an intact replicon and a phenotypical property
35 :useful ;n'selecting transformants. The recombinant
| ﬁoiety is inserted into a microorganism by transformation
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“4- and the transformant is isolated and cloned with the object of

optaini ng | arge popul ations that include copies of the exogenous gene and,

ifn%articul ar cases, with the further object of expressing the protein for
ch the gene codes. The associated technology and its potenti al

applications are reviewed in extenso-in the Mles International Synposium’

Series 10: Reconbi nant Mol ecul es: rﬂpact on Science and Society Beers and\,
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E.Féﬁ M@ N Expressi on
Asi de far%&dﬁe ﬁgéﬁ\gFg oni ng- velhe(’c]':ﬁ es to i ncrease.  he sltljpp y of genes by
replicaePdpcthat pRBKabadna: dapge, BoRvlations uthato ncludey express

protei ”ég?:‘ires'%fhttﬂ”@ 8:?8?%:{619@ 'n'etQﬁd T 160F ?”E§s§a15 gene

for the ali n hornone- somaf ost atlo under fhe i nfl uence of r onot or
was expV¥ésfedthe Lfurdherpabiect. of expregsinetthe pxRteis £fog 1056

(197) wifiich reseNgehe t&eaésandrﬁec?els%icﬁtéw ﬁﬂaybgy g gy essed

in the sane. fashl on d, comyi ned ormt he eddel et
al ., prEetensial igationgpare 391059?993795_ _E&m éBs&hene genes
wer e coausééuqt:e@ernatmi&alersty ﬁ?é!i*&‘:h Yerhes o 'Re%bfﬁiﬁ& _
proteolﬁtlc en yrres W|th|nthe cel aarent‘l"y, sired
pr oduct 228l j ac 8RS nee and SOcietXd Beegs;and n

tandem ppkBeEEQL Qas_o; C&ﬂé‘nV\btéBsF)r g’c Gt qq_g-n ) Y corrpart ment al i zati on and
whi ch could be extracellulary cleaved away to yield the product .intended.

This work i's described in the follow ng pub- lished British patent :
spepgf [ Rgebgbin@fnﬂ hmmssxflegsmbgﬁo the present application: GB 2007 675

V\hi I e the syf @H’e Bﬁb‘é@n ?ﬁgsc&r"ﬁé’% ?&é%ﬁ%f?ﬁ Fﬁ Eigggrralél%hlcg?ses

thus fagh@d ssuwﬁy el gédés- by replication, there have been
attempts, -some successful, to actually. express proteins
for which the genes code.,, In the first such mstance a

15 gene for the brain hormone somatostation under the
influence of the lac promotor was expressed in E. ¢coli
bacteria. K. Itakura et al, Science 198, 1056 (1977).
More recently, the A and B chains of human insulin were
expres3ed in the same fashion and combxned to form the

20 hormon_.e. D. V. Goeddel et al., Proc. Nat'l. Acad, Sci.,
- USA 76, 106 (1979). In® each case the genes were con-
structed in their entitety by synthesis. In each case,
'proteolytic enzymes withxn the cell would appazently

- degrade the desired pro_duct_, neces_s:.tatmg. its prodqction
25 in conjugated forn'x,' i.e., in tandem with another protein
which protected it by compa:tmentalizat'ion and which
could be extracellula:y cleaved awvay to ‘yield the product
intended. This work is descnbed in the follow;ng pub-~-
lished British patent. spec:.ficat:.ons of the assignee of

30 the present application- GB 2007 675 A- "GB 2 007 670 A;

GB 2 007 676 A; and GB 2 008 123 A, ( Escherzch:.a)

. While the synthet;c gene apptoach has proven useful

in the ‘several cases thus far dlscussed, real diffi-

. culties arise __in_the case of____fa_r larger protein p:oducts,
35 e.g., growth hormone, and.intfrferon._ whose genes are
correspondingly more complex and less susceptible to
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culties arise in the case of far lLarger protein products, 35 e.g., growh
hor nbne and i nterferon, whose genes are correspondingly nore conpl ex and<:29
| esssusceptible to facile synthesis. At the same tine, it would be

desir- able to express such products unacconpani ed by conjugate protein,

the necessity 'of whose expression reqU|re35&|ver5|on of resources within

f\ae—0r gani sm b Ethrlftg%wéigd tg Sgﬂste f el cg{fd\q.?g KLofuct

O her wor kers fhave &xpf der dd “hot™ oy organi’c
synt hesi s but abilleertoy express suahsproﬁucms funaoadmpanied@sbyndonjugate

messenger . E*rdéégq}]f roMd i §a%es 'sr‘iQrfp?.h;l %Q@"?Oﬁfé‘gfgr} fyé%&QFr s

approach. To b 3 reverse transc ase na ranscripti
mMRNA short of @ m@lresiqg e\ espuige nwitd ki hbeasirgarismnbetiesi con-

Thus, for e§anﬂg%teg'édﬁ4§H§¥fﬁ%tfﬁnabfoﬁh@~qﬂ¥%ﬂ§%§féif a% pr0|nsulln

mhlch | acked codons for t ree am no acl e insulin
precursor. Proc. N@therawerkasrs hape7mihempueds)to axprness.gepes

transcription g mk‘r%f%‘p% ps'*?"f‘gf% rﬁﬁi@s%p'&iﬁi ﬁ tHePrSgUi%%rfs@m

has yi el ded c for the rec rso er than | oacti v rotein
that results wﬁﬁﬁnFEQQEGQQQOURPQOtQ%IF°q%8&£°%€ ﬁﬂm@gsﬁﬁﬁger RNA

enzymatical |y peifyefea Fiuom' gisdife PAChod %réshbn{?shbﬁénatﬂemeﬁo sl e

t.hat capab|I|ty, so that nRNA transcrlp ) have i el ded Eie55|on product s

cont ai ni ngtPhe 3PRERACBequelR REBENL Wi Ehre £ BV 5?(ﬁ¥ﬂ?§$ ptags,maye stop

bi oactive prot Q'r%r?@crhbﬂ:eién fifbhl ARKATRMR 't wr&&nﬂetmgocnml ER); ﬁﬁe
S. Seeburg et al, Nature 2

- (1978) (rat or none Flnal
past attenpts BPARer §mtjd‘?)aEFé A Fgue Qsép%ﬁ‘g% fles %
precursors) frgjlla-Komaroff et al obtained cDNA for rat p:oinsul;n

which lacked codons for the first three amino acids of
15 the insulin precursor. Proc. Nat'l, Acad. Sci., USA 75
3727 (1978). Again, reverse transcription of mRNA for
polypeptides that are expressed in precursor form
has yielded cDNA ‘for the precursor form rather than the
biocactive protein that results when, in a eukaryotic
20 cell, leader sequences are enzymatically removed. Thus
far, no bacterial cell has been shown to share that
capability, so that mRNA transcripts have yielded
expressisn products containing the leader sequences of
the precursor form rather than the bioactive protein.
25 itself. vVilla-Komaroff, supra (rat'proinsulin), P. H.
Seeburg et al, Nature 276, 795 (1978) (rat pregrowth
hormone).
P1na11y, past attempts by others to bacterxally
express human hormones (or their precursors) ‘from
30 mRNA transcripts have on occasion led only to the
production of conjugated proteins not apparently amenable
to extra-cellular cleavage, €.y V;lla—Komaroff, supra,
(penlczllxnase-proinsul1n), Seeburg, supra (beta-
lactamase-pregrowth hormone) .

35 Human Growth Hormone
' ' "Human growth hormone ("HGH") is secreted in the



30 nMRNA - transcripts have on occasion |led-only to the production of .
cpnjNJgat ed proteins not apparently anenable to extra-cellular cleavage,
Vill a- Komaroff, supra, (penicillinase-proinsulin); Seeburg, supra

| act amase- pregrowt h hornone). 35 Human G owt h Hor nbne Human growt h
hormone ("HGH') is secreted-injrge;  -6- human pituitary. It consists of
191 am no acids and, wth its nolecul ar. wei ght of about 21,500, 1is nore

“than three times as large as insulin.- Until the present invention, human

growt h JQrapng C oltaidisl Se bys | ahgijQu racki on froma
Iinitedﬁsourcgl?gakﬁgggita$?ary-§@g%%§§%fyatnan %gdéﬁgéé.ggéhe consequent
scarcity R Sl Bﬁﬁ 471 L k.Se. 2Pl a8t 1 RS the_treatnment of
hypopi t u%te%r ?/ vvaﬁ‘rBP'i sm %g:n e\#e}%lgnhéefcejal?%ﬁ a%f)ésggf [ ?r%t %‘Isbggugglgls"t t hat

human- depiugdeifedCad Aatbdl || gadunsuf fiGhedi GHaNbib¥ehe serve not. nore
than about 50% of afflicted subjects. I'n sumary, a %eeéeﬁas_existed_for
new et pRgenelopr, 0 tikeiary gESwrEH héiisrie POGYDE PhedgbRaHEa! 8nlty quantity,
and that need has been particularly.acute in 15 the case of pdl ypeptides

t 00 barpy Labagtiiochsoiexrest ors Vkdin Sa S1hitéar sbligheatlt ¢he ni crobi al
expression fromentirely synthetic genes. -Expression of manmalian hornones
from nRpiAtuisasyr gllandmmod et ¢ddapengl seThé sofisegepptng. difficulties
that attend the synthetic 20 approach, but until the present has permtted
only m scakcdktypofdeohe @ubstdnae ihestlimited] iyat applicatdbnsgh t he desired
hor none. coul d not practicably be ¢l eaved.. The present invention. provides a
met hod 6 the treatment of hypqpitgitgry_dwgrfism. and even

here reliable estimates ‘suggest théf.hﬁhanQdefivéd'
10 HGH is available in Sufficiént*qﬁanﬁity:to:serve not.
- more than aﬁéut__' 50% _of  a"f_;f:ii;:tﬂed"' subjects.
_ In summa#}, a need:ﬁag exisgedffqr new:methoqs
of broduéing HGH ;nd otheér polypeptide products.in
'quantity,'aﬁd tﬁat neéd'héé'beeh’ﬁarticdlarly"abute in-
15 the case of éélypeptides.td§,1a:ge tb'ad@igtqf drganic
| synthesis'or,'fbrithat matter, miqrobial expreésion :ram
entireiy sﬁntﬁetic genes. Expression of mammalian
hormones_frdm:ﬁRﬁAItréﬁéé;ipté.ﬁas offe?§d the promise
of sidestepping difficulties that _a_t_terié the sy-ntﬁétic
20 gpproach, 5ut until the present has permitted only
| ,ﬁicrobial p?oductiop'éf b;é;iﬁéct;ve gonjﬁéates from
- which the desired ho?mone éoﬁld n§t:practicably 5er |
cleaved. S
| _Tﬁéjé;ééenﬁ'invehtibn'éid?idés'a method of
;25 constrﬁéting a replicabie-éiqﬁihg:vehible caﬁapié, in

a mi:robial organism, of expressing a particular
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25 cons&ruqting.a replicabl e cloning-vehicle capable, in a mcrobial -
organi sm of expressing a particular  -polypeptide of known am no acid X
segyence wherein a gene coding for the polypeptide is inserted into a

cl oni ng~vehi cl e and pl aced under the contrpl of an expression pronoter,

whi ch conprises 5 (a) obtaining by-}everse transcription from
iessenger RNA a first gene fragment far an expression product other than

said poly- peptide, which fragnent conpri.ses.at |east a portion of the

codi ng sequence philypéptidei of dkhownpamdne acid segquence: wherdirf ragernd

conpri ses protein-encoding codons for am no acid sequences other than those -
cont ai ned i n saiapding kex ithe polypeptide dsc imserted imtid @ ralioriinigig at

| east a portion of said coding sequence, the re- sulting fragnment -

nevert hel ess codehigls and mbacedi wndgrothet contaorl: infh atniexnresgian i de;

20 the product of step (a) or, where required, step (b) being a fragnent
encodi ng | ess t REPRATeR Which caBPEABESsequence of said pol ypeptide; (c)

provi di ng by'éwganic é¥pthesis gng or_nore gene fragments encodi ng the 25

remai nder of * he ani i aci PRERLBARE BY TEVETIS JFARSFLPHON cast one of

sald fragrents codi gl oo L Den 0L "G L E02beP Gere” B midis PRL/POPLT 0

an expression product other than said pdly-
peptide, which fragment compriges at least a
portion of the coding éequence |
10 for said polypeptide: |
~ - {pY Qhere.the first fragment comprises
protein-encoding codons for.aminq acid
sequences other than those'contained'in
said polypeptide, eliminating the same
15 while retaining at least a
portion of said coding sequence, the re-
sulting frégment nevertheless coding for
. an expression product other than said
polypeptide: _ . L
20 the product of step.(a) or, wﬁe:e required, step (b"
being a'fragmént encoding less'than'$11 bf the amiho
acid sequence of said polypéptide:
(¢) providing by organic synthesis ”
one or_moré gene fraghgnts encoding the
. 25 remainder of the amino acid sequénce of
said polypeptide, at least one of said
fragments coding for.the amino-terminal

portion of the polypeptide; and



depl oying the synthetic gene frag- nent(s) of step (c) and that
ced in step (a) 'or (b), as the case may be, in a replicable cloning-
veh¥cle in proper read- 5 i ng phase rel ative to one another and under
e control of an expression pronoigr; whereby a replicable cloning vehicle
capabl e of express- ing the am no &id sequence of said polypeptide is

formed. 10 ‘I'n the nethod of the invention, the cloning vehicle_ of . £
step (d) is preferably a bacterial plasn1d The amino acid sequence of the
polypeptlde i )pre%@%ﬁ by extraneous protein.

In the neth Q#xﬁ |nve bré?erab#ggghe synt hetic fragnent

encodlng th pjjde additionally codes
fhe ﬁ@ a spec’;rg%l C(Qﬂ yéc eav a-%%:&&’ﬁéé@& ih

for expression o am no acld sequence, and the

fragments ageeﬁema()yqﬁ. qaNnstdLHnd reazeé *nbéeagj hng 20 phase with
expressed - protei n-encodi ng ‘codons, whereb y the conjugated pl asm d

expressi-on peplddeabIRy dl%rﬁwleél‘}ﬂ:id Lhepy i'0r¥hél-d t he. pol ypeptide. In
this nmethod, preferably the fragnment of ste conprises at least a -

maj or bty of :.hbepmimgreammetd oasnéaadoeﬁeﬁohuaeﬁhade A synthetic
fragment and an nRNA transcript fragnent are preferably ligated to one

anot her bef the thatrdlephare dxpression| pnomgteehi cl e, and the opposite
ends of the fragment and of the transcript are prefer- 5 ably variously
si ngl e whezabyd aoreplicahle aloningsvebitlgatapabde ofic expressagments in
the proper order for
ing the amino acid sequence of said polypeptide is
formed. _
10 - In the method of the invention, the cloning -
vehicle of step (d) is preferably a bacterial plasmid.
The aminc acid sequence of the polypeptide is,
preferably éxpr?Ssablé unaccémpanied by extraneous
protein. | |
15 In the method of thé-ihVentibn, preferably the
synthetic ffagmeht enéoaihg the amino-terminal portion
of the polypeptide additionaliyacodes'fcr expression
of a specifically cleavable amino acid sequence, and the
fragments are deployed downstream from and in:reading
20 phase with expressed prbteinéenCOding“cbdons, whereby
théléonjugapéd plasmid expiéésion product may be .
specifically cleaved to yield the pblypeptide. - In this
method, prefefably the'fragmentﬁof step (a) comprises
at least a majorzty of the cod;ng sequence for said

25 polypeptlde.
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expression of said polypeptide. The pol ypeptide to be expressed is, for f;nl
exanpl e, human grow h hornone, and the first fragnent preferably 10

conpri ses pr.otei n-encodi ng codons for am no acid sequences ot her than those

i n human growt h hornone, and elimnation st9gp (b) preferably yields the Hae
Il restriction enzyne fragment of the first fragnment. Mre- over, step (b)

&f ~t'he abave enbodi nent preferably 15 inctudes digestion of the Hae |1

unt Pansl aY“'eéhnZsSiéfSBSE %rfl%%é ?ﬁ%ﬁ@?fﬁ%ﬁ%ﬁ %15&*%#%5%3%%3% St r anded
enzymo 1 s pr of SFEBRPTS0 Sk HECLaRATYY, cEFRReY €6 5R8, PRELhER BefbhY

which th ' id s fa I.d Theo
"mventi on or o RBE T SCRASTHARE ko CFLEERby FehlcTi] BAR7Mne opptlaRg!

uher ein rever Sgndh AR |Aldqted OUbdoSe L AHDELALERLpROBTEO prefied-CT bl Y

a mpjority, of € coding seq out rirous resort to“entirely

synthetic COBS iG] %i%ﬁ%iﬁp%f@‘straﬁé@dsb§ 8iuhle sbe i@l R leruridie

codi ng sequence a o eted gene capable of expressing the desired

pol ypep- tide YHGRAMABLRRY Bid-fPaghenesi B8 thadpropesuerdes Eort her
extraneous protein. Alternatively, the 5 synthetic remainder may yield a

proteolysis-reg&ggggsgaﬁﬂ¢Eﬁ%éaéqp§ngba§eiaé,as to permt extra-cellular
cl eavage of extraneous protein, -yielding the biroactive form The invention.
accordingly makes avaiHeélpslypépoide to be expressed is, for example,
| human growth hormone; and thé:first'fragment préferably
10 comprises protein-encoding codons for amino acid
= sequenceé other than those in human growth hormone, and
elimination step (b) preferably yields the Hae III
restriction enzyme fragment of the first fragment. More-
over, step (b) of the above embodiment preferably |
15 includes digestion of the Hae III fragment with a
diffefent restriction enzyme, cleaving away codons for
untransiated messenger RNA and gimultaneously.providing
a single-stranded terminus at one end of the resulting
fragment. The second restriction enzyme is preferably
20 Xma I.
The invention also provides a method in which
the amino acid sequence of the polypeptide is expressed.
The present invention provides methods and means
for.expréssing quasi-synthetic genes wherein reverse
25 transcription provides a substantial portion, preferably
a majority, of the cé&ing sequence without labofious

resort to entirely synthetic construction, while synthe-
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rdeans for mcrobial production of nunreroys ndterials hitherto produced

onfylin limted quantity by costly extraction fromtissue, and still others

gy-v ously incapable of industrial manufacture. In its nost pre- 5 ferred.
pdgdi ment the invention represents the first occasion in which a nedically

signi ficant pol ypeptide hornone Qpnan growt h hornone) has been bacterlally-

expressed while avoiding both Tntracellular proteolysis and the necessity

of conpartnentaI|2|ng ‘the bioactiwe 10 formin extraneous protein pending

extrac IIuI? tﬁnl e nve %%erMcﬁ qa{glcggjtﬁéegeé,g%n?#gg?fgg Q hor none made

avai | aBt8 B 1-on anp e supplies of the
hor nong ?@Hlét S t n ot her
appl i ca?‘tngnskl% Ségtﬁorpepbeyoé#]}% ca acflz% Hb ?lggsg’%iﬁge ved hor none

source n o p burn
t her ap$, \%/ogn hea lng,éaél% rop yﬁéén%l‘eﬁgﬁggﬁ%l ??Fﬁ? ‘?’tﬁgh%%ﬁ%gr in which

-these 8800ehRe! extiraiico (hrétey ANt AUesrRAtiha1y)venei on .my be obt ai ned
w || appear nmore fully fromthe detailed. description which follows, and

f r ongt BoniteeTa beminier\ings yoebdi a0pteteobysisteesdgtamodi ment of the
invention, in which: Figure 1 depicts the synthetic schene for construc- 25
tion otonjugate ey ey i roseshr &) dortdhpetinist eRérarcedladia¥s of human growt h
hor none, toget her with the start signal ATG and |inkers used in cloning.

The ar t:maavlalget lef (Bthenummoteinanyzeldﬁ.hgahhel bmlacmmq)l enentary or.
lower strand ("L") i-ndicate the -oligonucleotides 30 joined to formthe

depi ct €orfw.agMve irfientior akpordingdi/nvekesf avadlableamethods| i go-

nucl eotides to formthe gene fragnent of Figure.1l, and its insertion in a
plasm d cloning vehicle; Figure 3 illustrates the DNA sequence (coding




[ )

35 strand only) of the Hae Il restriction enzyne fragnent of a pituitary
MRNA transcript, wth the nunbered am no acids .of human growt h hornone for
whi€h t hey code. Key restriction sites are indicated, as is DNA

(follow ng "stop") for untranslated nRNA; Hifgure 4 illustrates the
construction of a cloning vehicle for a gené fragnent coding for the am no

agHds 5 of. NUNRAQIuh Heh EdPIEL OP6bEAN! gt dorf ¢ Ve Pds  lifter ials

construction o t at gene nent as cofhpl enent ar [everse
transcri ption PAdReR |§'6I ‘-!ﬁieﬂr eMlY h ﬁaﬁ%’e%?@aﬂ}‘%ﬁ%EE b F eBgdYe

5 illustrates b AR {YR! MK 1BV dahd FEPRY drhéPsDPHA isuse

expressi ng human growt h hor nmope,. begi nni ng the plasm ds oﬁﬁures
and 3. The genéRS2RABLEadf *n§H§§¥Wé%tN§P45§SFV&$trm;%oﬁﬁFnﬁP &n BL®=a

si ngl e cl onsng gt elge é’xﬁbl%'d!hﬁ’énﬁe%é rﬂﬂe‘e@iﬁa\ﬂl eéyﬁhs‘eﬁﬁsna&n&nfse%
for expression 15 of the’.%eswe

CDNA T Fagnant | QSR ALOBy YbveR 160 1 REALSAIHY | BIRTHEECRE ROUTPERSIde
tissue, as by hh:enﬁetd@d(nfufanUIdfbcafttethalzmo‘-isérnaasl&ﬁeeﬁ?»b&dﬂaﬂhn“ﬁw

of the codons FaPEeESad whblh: aXRidT e koS mAtk SceLERE RGN BE AL SR
are supplied snm&ethealdeeegbﬁtgryrﬁfueébmpawhm&k%atrmmgl dhé ragoative e
cloned Se0Rhs, BhnslR WAVLETaRTA o EBURIR ndhe e s hArhTpba ot enr-
di stribution ofagceodonmfc::robbalersbwedsctfw hﬁh\&@ergsywtheth@:nodecﬁi%e
'he nbthod of - AYAHT SRASG THeERE BilreRRIRT GEERT st or Lohe A LER Sty
Conpl enentary ample supplies of the hormone for treatment of hypopi-
~ tuitary dwarfism, together with other applications here-
15 tofore beyond the capacity of tissue-derived hormone
. sources, including diffuse gastric bleeding, pseudar-
‘throsis, burn therapy, wound healing, dystrophy and bone-
knitting. | |
'The manner in which these and other objects and
20 advantages of the invention may be obtained will appear
more fully from the detailed description which follows,
and from the accompanying drawings relating to a pre—
ferred embodxment of the invention, in which:
Flgu:e 1 deplcts the synthetic scheme for construc-
25 tion of a gene fragment coding for the first 24 amino
acids of human growth hormone, together with the start
signal ATG and linkers used in cloning. The arrows in
the coding or upper strand ("U") and in the complementary
or lower strand ("L") indicntggthe oligonuclectides
30 joined to form the depicted fragment;
Figure 2 depicts joinder of the "U" and "L" oligo-
~nucleotides to form the gene fragment of Figure 1, and
its insertion in a plasmid cloning vehicle;
_ 'Figu:é 3 illustrates the DNA sequence (coding
35 strand dnly)'of the Hae III restriction enzyme fragment
of a pituitary mRNA_trénscript, with the numbered amino
‘acids of human growth hormone for which they code. EKey
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.DNA obt ai ned by reverse transcription mALI. I'nvariably contain

| east a carboxy termnal portion of the desired product, as
codons for untranslated nRNA downstream fromthe transl ation
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st op
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transl ati on EEGMEL & én&lll%sﬁFﬁGQ%sﬁheaﬁenﬂmtjr%a?f ad| plag®édcodons 20

forlq]hec

aphBrdedy w PHleMd | @r éﬂﬁ?éeemg Windan gféweENNhEhbReGOMPONENt

uasi -synt heti ¢ ne he*invention_returns these latter
codons,b §31RBPP9a§¥§ﬂnﬁhﬁrﬁf #ﬁﬁ Pfaﬁ gRgiesh &304 31 gnal where the

vehicle into which the hybrid gene will
| acks a properly p05|t|oned start.
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The general approach of the invention involves

ultimately be 25 deployed itself
ELinination of the | eader sequence from

the combination in a s;ngle cloning vehicle of plural -
gene fragments which in combination code for expression

of the desired product. Of these, at least one is a
cDNA fragment derived by reverse transcription from mRNA
_isolated from tissue, as by the method of A. Ullrich et

_al, Science 196, 1313 (1977). The cDNA provides a

substantial portion, and preferably at least a majority,
of the codons for the desired product, while remaining
portions. of the gene are supplied synthetically. The
synthetic and mRNA transcript fragments are cloned separ-

~ately to provrde ample quantities for use 1n the later

combination step.

A variety of considerations 1nfluence distribution
of codons for the end product as between synthetic and
cDNA, most particularly the DNA seguence of complementary
DNA determined as by the method of Maxam and Gilbert,
Proc. Nat'l Acad. Sci. USA 14, 560 (1977). Complementary
DNA obtained by reverse transcription w;ll invariably
contain codons for at least a carboxy ‘terminal portion
of the desired product, as well as other codons for

~untranslated mRNA downstream from the translation stop

signal(s) adJacent the carboxy terminus. The presence
of DNA for untranslated RNA is largely irrelevant,
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hor nrone €DNA i s advantaged by the. avairlability of a restriction site w

t he grow h hor none- encodi ng portion of the gene. The inv_ention may ’
nevert hel ess be 30 practiced without regard to the availability of su _
site, or in" any event without regard to thFSavallablllty of a restriction
site suff|C|entIy near- the am no termnus of the desired pol ypeptide as to

dwtate th t th f th
not deri ved framEheRsh ARASTY TRRECHK SeauPAGeRont: RBShokindma
pol ypepti de ande@d@@der a¥ ts)yhebdsﬁeeemvanméwagéhetbouoncleyve
bet ween t he. Iatti codons_an ture poly 8t| g|H
appear from t hECIHIIF G dPadtfen eBroTRE An FePLARSER BEE e&Rs¥ggng
5|npl¥ glgesé mua)mhk @u&achdlmptiﬁﬁﬁahgﬂyauctkacﬁncpareéculauomuq;sxm
unwanted | e er er uence, , r

5' [err? gaeﬂ'dﬁjanﬁg&%bﬁs#’a?qg f"ﬁé ’@{{de§§¥g§ %WPe% Ion
cond| tions for saqnmnbeastesizgedt,i @S nn;llie mosetrameoeaocedohe upsarean

10 el nate SO oipe"MHERY SecHi AR W CeARDTHHally pAUUREE. ¥
preci sely, one enympipe pymla\u!ypalﬁlnapa:seadhlg@oﬂ.qnpepttlrﬂaepmoaﬂ are

deoxynucl eot | d%fyé{%@@éedpqaﬁeﬁr(egﬁlé-rs%?) R%ﬁﬂgfwﬁl 1dabR% flgie@&)igﬁal

exanpl e, rase resence of renove seqlience
e (t henlﬁt oseguéntes IUf nprbtadia \iarMolt‘t&sh & @ei . 10" ErBREPOTIL ke Lhe

N Bresence 1 G712 WeABERRRIE TH el f4RPrtm SukatisIE HIER) ©
pp. 87 88, W Hhﬁeemmcgg arganmma:umﬂgxorgggvg;l, such that the
hormone enters the periplasmic space in its free, bio-
';ctxve form. However, microbial cells cannot be relied.
15 upon’ to perform that function, and it is accordingly
‘desirable to remove sequences coding for such signals or
' leader sequences from the mRNA transcript. In the
course of that removal process the translation start
signal is also lost, and almost invariably some codons
20 for the intended product will be removed as well. The
' synthetic component of the guasi-synthetic gene product
~of the invention returns these latter codons, as well as
supplying anew a translation start signal where the
vehicle into which the hybrid gene will ultimately be
25 deployed itself lacks a properly positioned start.
Elimination of the leader sequence from pregrowth
hormone cDNA is advantaged by the availability of a
.:estriction site within the growth hormone-encoding
portion of the gene. The invention may nevertheless be’
30 ‘practiced without regard to the availability of such a
; site, or in any event without regard to the availability
of a restriction site sufficiently near the amino
_ termxnus of the desired polypeptide as to obviate the
need for extensive synthesis of the gene component
35 not derived from mRNA. Thus, in any cDNA coding for the
desired polypeptide ‘and a leader or other bioinactivating
sequence the. boundary between the latter's codons and




preferably, one may sinply construct a restric- tion site at a

ct, by an applica- tion of the mismatch repair synthesis technique of
Ra2|n et al, Proc. Nat'l Acagl Sci. USA 75, 4268 (1978). By this

i que one or nore bases:may be suBstituted-in an existing:DNA sequence,

ng priners containin t he m smat ched substltuent At Ieast seven \-\_;

_ pal i ndr Shese-ofsthe MatyzeupndyPeptiamwidd RBpreat$5m BYe known Sb
restri ctamdn@nZa/¢Es. s'eqiuené@cBﬁpt 'il G@GG;*B é(értide.c@?‘e(ﬁh

squeﬁu?g‘utgéﬁé' %?Cegé'qahﬁéﬁoiq e9Fﬁ§ H%&'Bﬁe e%?ﬂtx\gglrsglt er;s[,)gA

as statichodedy rembvdng thleelunwanﬂear 1wuzeso§ &tu&lﬁqebﬂcbepl icate

cDNA CO*EII ni ng t.he proper, bsti - ge ase and hence the desired
restrd ctIWSs; £OF vﬁ VeRFRNA BRER @8 he unwanted |eader; after
whi ch synthesis will replace codons required for expres- sion of the

conpl ete polypeptide. E. g.,: [erf] 1 bIt 11 be appreciated, of course,
that |onger restric- tion sjtes ' w se inserted where desired, or

t hat successive repairs. Cre: ﬁéggﬁ - @tdﬁg‘[estrlc- tion sites V\/nere
onlly t wo - bases ﬂ)mmn to thewﬁlt [ E o d'(aSTergél point, etc. I15 ]
Applications w appear in 'Cgé@&’ Fg gﬂe t o- exXpress- not on y the

am no acid sequence of thejnte atso a neasure of

ext raneous but specifical'ﬁl engi ne? ofein. Four such applications nmay
be nentioned by way of exanpl e. quasi - 20 synthetic gene nmay
“represent a hapten or other imuno- Iogl cal determ nant upon which

i munogewheirtey the endpoint of. digestion is indicated by arrow,

reaction conditions for exonuclease digestion may be
- chosen to remove the upper Sseguences 'a ~and "b",

whereafter S1 nuclease digestion will automatically

10 eliminate the lower_sequences "c" and ?d' Alternatively

and more precisely, one may employ DNA polymerase

digestion in the presence of deoxynucleotide triphos-

phates (“d(A,T,C,G)TP"). Thus, in the foregoing example,

DNA polymerase in-#he_presence ofudcrp will remove

15 sequence "c" (then stop at "G"), 51 nuclease will

then digest "a"; DNA polymerase in the presence of dTTP

will remove "d", (then stop at 'I') and Sl nuclease will

then excise "b®, and so on,. See generally A._Kornberg,

DNA Synthesis, pp. 87-88, W. B. Freeman and Co., San

20 FPrancisco (1974). _ o

More - preferably, one may simply construct a restric—

tion site at a convenient point within the portion of

‘the cDNA coding for - the desired product, by an applica-

- . tion-of the mismatch repair synthesis technique of A.

25 “Razin et . al, Proc, Nat'l Acad. Sci. USA 75, 4268 (1978).

B - )’/ this technique one or more ‘bases may be substituted

in an existing DNA sequence, using primers conteining

‘the mismatched substituent. At least seven palindromic

- 4-base ‘pair sequences are uniquely recognized by known
"30 restriction enzymes, i.e., AGCT (Alu 1), CCGG (_gg II),
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conferred by conjugation to additional- protein, such that vaccines are
produced. See generally, G B. patent specification 2 008 123A. Again,

it may be desirable for biosafety reasons to express the intended product

as a conjugate other, bio-inactivating profg n so-designed as to pernmit
extracel tul ar cl eavage to yield the active 5 form Third, appl i cat I ons

W be present gden (WRiaCl M, " JRTRO(Isatl A , Rg&deegﬁgxér%\@: ggﬁt)t °

desired product, to permt productlon of .t he' sane

cel| menbrane, sndl apgcas (faeiopal PRAYLE €ne @mbsegueéded coﬁfﬂw
extraneous conj ugate 10 desi gdteg to IrE pecific clea :
extracel | ul ar| y2 @ SREQFE of 8r édﬁ?) ‘rﬂﬂht SPiezé‘-?‘F\?eﬁé-é?(F piddacidingle
e g vl R P A S %ﬁtﬁ"e?fts
m crobi a in |
adapt or nol egzulvéf’f\gnﬁe%%ﬂ tsP "'d: ?@%ﬁ gl gg&l"ﬁg | RFQPF 7 $1aD
transcript can adélnt obalsey ambrherste mnﬂds)ll'.:réla n@e%@ﬂi?@ﬂbﬁmﬁte.
f 1y cl e ti or.__ex rypsin
cleave spect i caf bavae, 313t UELPTY Mk EGE e unaifed innddberatter
supra. From t hewhécmcsmr.lhmsm Iwilde mhatéabodbnst t#ﬂmtf@ﬁp@@[ : rége
i nvention admit n aying i n-comon these
attributes: -- §i8£ ﬂli E?‘%nsc?rﬂ'%g‘té %‘H}fﬁ%@ﬁf% H B’Q . codes for a

subst ant i al portlon of the |ntended pol ypeptlde s am no acid sequence but
which, if expressed al one, would produce g%ekggt pol ypepti de either

smal l er or |arge !..L_han . -
pr ot ei n- encodi ng *codons greram nq aci d || product—.}

i : . _ CDNA
= _ . GG : . }
.mismatch repair synthesis
3 | CCGG | -
Hpall
synthetic "a" GG : — '
_ ”’/,/”’ quasi-
_ synthetic
2 -| DNA
codons for desired :
product — 1

10 It will be apj:reciated, of- course, that longer restric-
tion sites may be likewise inse_rted where desired, or
that successive repairs may create 4-base pair restric-
tion sites where only two bases common to the site
appear at the desired point, etc.

15 Applications will appear_ in which it is desirable
to express not only_th_e_am'i'no acid Sequence of the
'intended product, but éls_o a measure of extraneous but

- specifically engineered protein. ' Four such applications.
may.. be mentioned by iva.y of exampie. 'Fi:'st, the quasi-

20 synthetic gene may represent a hapten or other iu_tmunb-
logical determinant upon which immunogenicity is
conferred by conjugation to additional protein, such
that vaccines are produc_e_d. See generally, G.B. patent



se fuentes ot her than those contained in the intended product, if any, are

ref di -- organic synthesis yields fragnent(s) coding for the renuairider ,
- of \the/desired 35 - sequence; and -- the nRNA transcript and synthetic
fragnment (s) are conbi ned and dispoq dina pronot er containing cloning
“vehicle for repli- cation and expression of either the intended product

absent - extraneous conjugated proteén, or-intended product conjugated to but\_\j
spemfl-specificaaibp(2eaoamx2310nragebmeod$[layebe désipable, 'the

For by (herr PERFAEREY £ dpgoilt [parSERR SRITURR, drsbddta VERRHEE Rerc)

One can &xpoadudatet o therenbiar i nactivaliting iprotein nsandesdgnedent to

oo LN DLETe AL PRI GRAE BT VEV A RAITREERORC,

of udef Lﬁ°pm@te|'ﬂeirﬂnclmla§m onsi edlﬁnheemunttelds imvehichn is- 15

particul 4 dsti d§6 f? la%f Ty m&&#dpéﬂé désipe@ones and
»

ot her -subs an es aVI |cat|ons ucagon
gast r oi PROBRG ,» | AP mm tp@ erdo npaﬁcmusmlweexcuetion

adrenocokhkeRgiPPL e LAY WSPEET sb" 18" W i H1gRaT: plbRadec! ot ting

factors a hunman
i |l ustr@ane bhen nae; rﬂﬁeﬁﬂvcﬁﬂ S r%j(BBA|1ébus§§§!!M%$cl¢@jugate
a | d
dhale e ?zklfﬁe‘éis;ﬁe?“a‘se B | Speci¥le 1Ruvage dfkiace] LaNELYChEG, ©f OnC

_ Const r uck@ oRmEHOYREr éalmmtﬁm@s#ﬁgevémtar@%rpr oducts Othe!'
wise susceptible to degradetion by p:oteases endogenous

to the microbial host. At least in the latter three

applications, the synthetic adaptor molecular employed
15 to complete the coding sequence of the mRNA transcript

can additionally incorporate codons for amino acid

sequences specifically cleavable, as by enzymatic

action. For ekample, trypsin will

cleave specifically at arg-arg or lys-lys, etc. See GB
20 2 008 123A, supra.

Prom the fo:egoing, it will be seen that in its
_broadest aspect the invention admits of manifold applica-
-tions, each hav:ng in common these attributes:

== & mRNA transcript is employed which
25 codes for a substantial portion of the intended
polypeptide s amino acid sequence but which,

if exp:essed elone, would produce a different

polypeptide eithe: smalle: or la:get than the

| intended product, -
30 i“_'_ - protein-encoding oodons for emino acid
| fsequeoces other then those contained in the

'_.intended p:oduct, if any, are removed; .

. - o:ganic synthesis yields fragment(s)
_ iooding for the :emeinde: of the desired
35 lsequence, and BRI o . '
-= the mRNA transcript and synthetic
'fregment(s) e:e oombined and disposed in a
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Human Growt h Hornone 1. .Coning the Hae I” fragment of the mRNA , X
transcript (Figs. 3 and 4) Pol yadenyl ated “for human growt h hor nobne

(H&) 30 was prepared _from pituitar rowt h_hor none- prqQduci ng tu s by
the procedure of A PJFPF'i"cthegt C&“ﬁ%%‘}ﬂ?&eF?g%?n§3Y§h&f§-ﬁ)éf5?éﬂ:’r]g of
doubl e strand ("ds") cabidmeangr @xpedstiam Sofeceilthet thies iNtended .
ésséntially as described b V\'écken_s .et al. J. Bio] Che 253 2483 (1978),
except 35 that RNA BﬁPgHEé@ seng @ﬁ%ﬁ}%@?{%rﬁ°@¥§3wr%m9tﬁﬁc_, Nat ' | .
Aci . USA. 65, 168 (627d)ntendedulpridutedcdniublitedoiombiaseaspechfife
second strargi synt he

1l restric-"tion si ?gl ﬁgge%}(g&[\ﬁghlrl:ﬂ hgn atﬁtﬁﬁgﬁqﬂg%qugg:?%ggﬁgﬁnat hgae
sequence codi nfOforcemntse actie Zxpndsziod pitdducst swddd iin Feyery. case
Ireatrent of SScRGAMGD dha ke oL eBoBaREck 97e e e BETER,
was treated witothixe |signallediimphbecsaisenodn 226 polfyae izl anilde hel , Oned
e PR A B e PP Byl SR L %050 Ry,
#he cl oni ndl@eheveatf dtot heasm\rthepbrissachiy iterofulthe atidimatei peaduct
fepli cating pl S eransERtn ¥l dietleeddpor i ih D L P I0N Let facyel et
resistance owing to Adshoughusibrpravides carnespoddiofy general "appbieabiind
for the restrictedn ehwind progdts £ Gt (eRTUR, P2 oL nns, R Id £hg
Figure. 20  angiRodde $roandt engiymesth thee inverdridrPsis | are -
15 particularly suited to the expression of mammalian
- polypeptide hormones and other substances having medical
applications, e.g., glucagon, gastroihtestinal inhibitory
polypeptide, __panéreatic polypep’tide, adrenocotticot:opin,
beta—endo_tphins, ‘interferon, urokinase, blood clotting
20 factors and human albumin. . ‘A preferred embodi-
ment illustrai;iv‘e of. the invention is next discussed, in
which a qixasi-synth’etic ge_ne 'c'odipg for human growth
hormone is constructed, cloned and microbially expressed.
~ {Percentages af_e calculated by weight!
25 Construction and Expression of a Cloning Vehicle for
Human Growth Hormone o '
1. Cloning the Bae'III fragment of -
the mRNA transcript (Figs. 3 and 4) |
Pdlyadeﬂylated mRNA for human growth hormone (HGH)
30 was pr eéar__ed __fro_m pituitary growth 'hormon'e-producing
tumors by the procediure of A, Ullrich et al. Science
196, 1313 (1977) 1.5 mg of double strand ("ds") cDNA was
prepa:_ed” from 5 4g of this RNA essentially as described
by Wickens et al. J. Biol Chem. 253 2483 (1978), except
35 that RNA polymerase "Klenow fragment”", H. Klenow, Proc.
‘Nat'l, Aci. USA. €5, 168 (1970), was substituted for
DNA Polymerase I in the second strand synthesis. The

-
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Sutcliffe, Cold SEring aarbor Sx_ggosium 43, 70 (1978) is
a multicopy replicating plasmid which exhibits both

ampicillin and tetracycline resistance owing to its
inclusion of the corresponding genes ("ApR" and

_"'i'cR", respectively, in Pig. 4), and which contains
_recognition s:.tes for the restriction enzymes Pst I,

- 20

25

- 30

EcoRI and Hind II1I as shown in the Figure.
c1eavage products of both Hae II1I and ?st I are

fied by
76 has

r goes

blunt ended. The cc tailing method of Chang. ‘A.C.Y., et .
al. Nature 275 617 (1978) could accordingly be employed

to combine the blunt-ended products of Pst T cleavage of
psazzz and of aae IIT digestion of the mRNA transcript,
inserting the cDNA frsgment into the Pst’ I site of
PBR322 in such manner as to restore the Hae 1II restric-
tion sites (GG&CC) on the cDNA while restoring the Pst I
restriction sites (CTGCA&G) at each end of the insert.

- Thus, terminal deoxynucleotidyl transferase (TdT)
was used to add approximately 20 ac residues per 3

_terminus as described prev;ously. Chang, A.Y.C., ‘supra.
- 60 ng of Pst I- treated 953322 was tailed similarly with
‘"about 10 4G residues per 3' terninus. Annealing of the

35

dC-tailed ds cDNA with the dG-tailed vector DNA was
performed in 130 ul of 10mM Tris-BCl (pa 7.5), 100 mM
NaCl, 0.25 mM EDTA, The mixture was heated to 70°C,
allowed to cool slowly to 37°C (12 hours), then to 20°C
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death in all environnents where DAP is limiting but sufficient nutrients \
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appear in R (¥stemet al., Ml ecular Coning of Reconbi nant DNA, 99-177,

Scott a”d3”’V@r”erxlg*%1h§%a%ﬂﬁ8bf§§§iéh&Z§£%EQmenﬁl¥g}hgia%?ﬁbpi-

melic acid (DAP) and cannot synthesize the mucopoly-

15 saccharide colanic acid. It thus undergoes DAP-less

death in all environments where DAP is limiting but

sufficient nutrients exist to support cellular metabolism

and growth. It requires thymine or thymidine and

undergoes thymineless dea#h with degradétion_of DNA when

- 20 thymine and thymidine are absent from the enviromment

but when sufficient nutrients are present to sustain

metabolic activity. x1776 is extremely sensitive to

bile and thus is unable to survive and thus is unable to

survive passage through the intestinal tract of rats.

25 x1776 is extremely sensitive to detergents, antibiotics,

drugs and chemic;ls; x1776 is unable to carry out

either dark or photo repair of UV-induced damage and is

thus several orders of magnitude more sensitive to

- sunlight than wild-type strains of E. coli. x1776 is

30 resistant to many transducing phages and is conjugation

deficient for inheritance of many different types of

conjugative plasmids due to thé'presence”of various

mutations. x1776 is resistant to nalidixic acid,

. cyclogeriné and trimethoprim. These drugs can therefore

35 be ad§ed_to media to permit monitoring of the strain and

‘to preclude transformation of contaminants during
transformation.
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2. Construction and Cloning of the 5ynthetic
Gene Fragment (Eigs. 1 and 2) | |

The strategy for construction of the HGH quasi-
synthetic gene included construction of a synthetic
fragment compr1s1ng a blunt-end restriction cleavage
site adjacent the point at which the fragment would be
joined to the mRNA transcript. Thus, as shown in Fig.
1, the synthetic gene for the first 24 amino acids of
HGH contained a Hae III cleavage site following amino
acid 23. The distal end of the synthetic fragment was

_prov1ded with a 'linke: that permitted annealing to a

25

ingle st:and terminal resulting from restriction
cleavage in the plasmid in which the mRNA transcript and

synthetic fragment would ultmately be joined.
As shown in Fig. 1, the 5' ends of the'duplex

fragment have single stranded cohesxve termini for the

30

Eco RI and. Hind III restriction endonucleases to’ facili-
tate plasmid construction. -The methionine codon at

- the left end provides a site for initiation of transla-

35

_tion._ Twelve diffe:ent oligonucleotides, varying in
size from undecame: to hexadecamer, were synthesized by
the improved phosphotriester method of Crea, R.’ Proc.
Nat'l., Acad. Sci. USA.lg, 5765 (1978). These oligo-
nucleotides, U; to Ug and Lj to La; are indicated
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Three séparate T4 |igase .catalyzed reactions were perforned: 10 [err]g ¢
5 -CH fragnent U err] was conbined with the phosphorylated Uerr], L[err]
and--L[err]; 10 phosphorylated Uerr], Uerr], Llerr] and L[err] were
conbined; and 10 [err]g of 5 --OH fragnmentql[err] was conbined with the
phosphoryl ated L[err], Uerr] and Uerr].o fhese tigations were carried out
M[err]Cf'or 6 hours in 300 [err]l of 20 MM Tris-HO (pH 7.5), nmM

MC [err], 10 wM dk¢Bwathreitol, 0.5 15 mM ATP using 100 units of T[err]

| igase. The three ligation m xtures were then conbined, 100 units T[err

|i gase added, and th& AGcemAuBtHued 1¥2 ptdreendtorUs2 ardr & at thgeughc

The mixture vweggetyanyd pPesphaiaflavead aekHap§oesed &1 yvh dd%Peotide
pol yacryl am de gel. The gn?é_}f m-grating at 84 Dase pairs-was sliced from
the gel and etfBi&RSeBRESD | gl"rqu)‘%s RY e cBUR I hsheA RPrAReAuTe -
111, the | & gecbeadatnt Di.sw,alertl 4. CBto€l ERAEODNOARAE Fuh | iUEK €¥6 | 01b8¢
synt hetic DNA T;u,g m xture was used To transtormE. colT. R 12 stTain 294
(end A, thi [e'rH', 3. hsrerr], hsnferr]). Strain 294 was deposited

Cctober 30, 1978 inTHredesegparBpe By tligd@el exlt 2l y2d8C Mwaclidins,
W thout restri ct_l on Seequ%%g ané‘!:yS'i by the %xgm_ﬂéi '%Qb;rt tecgnl uae,s
supra, on the $8F & PeELRACPQdithsel 0 #48m QLpiAsH%H p Be hell
transformant 3@outmiimedd whath defiet thosghowelhtéd stLuctand aig;
Fragent (19 pron® SRS Ry TAREET Hier 1 Be 7 b arend . 1, 48 5. 4R BRASAa
cont ai ning 35 &onth I0agienof \Sds-CBnfrragmentutiinovd secemb knedowimsthe
Pac promot ors, PHRS PHQEYRRESECEa o poid Ble Ve n 208 HasE AR R5SERE"
f ragnent were carried out at 4°C for 6 hours in 300 41 of 20 mM
Tris-HC1 (p8 7.5), mM MgClp, 10 mM dithiothreitol, 0.5
15 mM ATP using 100 units of T4 ligase. The three
ligation mixtures were then combined, 100 units T4
ligase added, and the reaction allowed to proceed for 12
hours at 20°C. The mixture was ethanol precipitated and
electrophoresed on a 10% polyacrylamide gel.  The band
20 migrating at 84 base pairs was sliced fr'om_the.gel and
eluted. pBR322 (1 mg) was treated with Eco RI and Hind
III, the large fragment isolated by gel electrophoresis
and ligated to the synthetic DNA. This mixture was used
' to transform_E. coli. K-12 strain 294 (end A, thi-,
25 hsr=, hsmyt). __Sti:ain 294 was dé_posited_October
30, 1978 in the American Type. Cul“_tur_e Collection '('ATCC .
No. 31446), without restriction Sequence analysis by the
Maxam and Gilbert technique, supra, on the Eco RI - Bind
. III insert from a plasmid pHGH3 of one 'tr;risformant
30 confirmed that depicted in Figure 1.

3. Constructioﬁ_of Plasmid for the
Bacterial Expression of HGH (Fig. 5) _
With the synthetic fragment in pHGH3 and the mRNA
transcript in pHGH31, a replicable plasmid containing
35 both fragments was constructed using the expression
plasmid pGH6, as shown in Pig. 5.n_The expression
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to
gation. The resulting plesmid. pGH6, contains a

s:.ngle Eco RI site properly positioned with respect to
the promoter system into whicn the completed gene for

~ HGH could be inserted.

20

- 25

30

35 ¢t

To ready the ‘synthetic fragment for combination
with the RNA transcript, 10_ug of PEGH3 was cleaved

‘with Bco RI and Hae III restriction endonucleases and

the 77 base pair fregment'oontaining ‘coding sequences
for BGB ‘amino acids 1-23 was isolated from an 8% poly-
acrylamxde gel.

The plasmid pBGS 31 ¢ QAg) wvas next cleaved with
Bae III.' rhe S51 bp HGH sequence and a comigrating 540
bp Bae. III £ragment of PBR322 were purified by gel
electrophoresis.' Subsequent treatment with Xma I
cleaved only the BGH segquence, removing 39 base pairs
'from the 3' nonooding region. The resulting 512 bp
fragment was sep’e‘rated' from the 540 bp - PBR322 Bae III
piece by-electrophoresis'on a 6% polyacrylamide gel.
0.3 sg of the 77 bp Eco RI - Hae III fragment was

ffagqga;tv PPl ER P A IR 08 LA BIS R FDP bYdEledl VLN

polymerized with -1‘(' ligase in a 16 ml reaction vesel fx
. 14 hours at 4°C, 'l'h'e" mixture was heated to 70° C for 5'

to inectivate the 1igase. then treated with' Eco RI (to

'cleeve fragments which had dimerized through their Eco

RI sites) and with Sma I (to cleave Xma I dimers),



"blunt" end.” After purification on a 6% pol yacrylam de gel, approxi nat el

30 ng of this fragment were ebtained. It should be.noted that the
expressi-on 5 plasnmid pGH6 contains no Xma % ecognition site. How ever,
Sma | r.ecogni zes the sane site as Xma |, b ;fcuts through the mddle of it,
yiet'ding blunt epds. . The Sma-c¢l eaved tern1nus of the fragnent derived from

- gHGH 31 can acch+eifdng n& B%dnt PPnd IGXAGRENt Wi bkpsn Eco RI “gghesive”
expression pl asghd R@A®. acsmaa'f‘"‘mﬁﬁ'deﬁaac ¥R’ ﬂﬁcaﬁ‘?&ntéﬁahed%
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were o al ne
Proc. Nat'l| dEh RCELEATh Y ke’ KLU RER, § 1 HFEEAS SR SHCES.
colnt ain-"ir0 HGH seqtld':teexmees;dmm @l asalid cpGERO M clomeka bh ingestandem
col oni es gave t 2Ct | Lcti Wi .
oou 11 S a0a P LECTUNE" BR AR £ R, VR Ok E S Ve d "SRRy FVaty {86 Hiba
30 Huran gI3T4 hnbelease Sd; casddECo Rie andapairdified sbycgelaslegtro-
detected by di rggl Jéli gL MEWARG2L PERE" FRGuIL 5 Wkt V1 bRIEnHabY B

cel | supernatants using
Eco RI cohesive end and one blunt end was ligated to 10

15 ng of the 591 bpp . HGH DNA. The ligation mixture was
used to transform E, &oli. X1776. Colonies were selected
for growth on tetracycline (12.5 sag/ml). It is note-
worthy that insertion of the hybrid_HGH gene into pGH6
destroys the promoter for the tetracycline resistance

20 gene, but that the tandem lac promoter permits read-
through of the structural gene for tet resistance,
retaining this selection characteristic. Approximately
400 transformants were obtained. Filter hybridization
by the Grunstein - Hogness procedure, Proc. Nat'l. Acad.

25 Sci. USA, 72, 3961 (1875) identified 12 colonies contain-

o ing HGH sequences. The plasmids isolated from three of
these colonies gave the expected restriction patterns
‘when cleaved with Bae III, Pvu II, and Pst I. The DNA
sequence of one clone, pHGHlO?. was determined.

30 ~ Buman growth hormone expressed by the transformants
was easily detected by direct radioimmunoassay performed
on serial dilutions od lysed cell supernatants using the
Phadebas HGH PRIST kit (Farmacia). |

. To demonstrate that HGH expression is under the

'35 control of the lac promoter, PGEG 107 was transformed
into E. ¢oli strain D1210 a lac+(iQo+zty+), a lac
‘repressor overproducer. Heaningful levels of HGH

yielding:a 591 bp fragnent Wwith an Eco RI "cohesive" end and a Sma | (}z>




Phadebas HGE PRI ST kit (Farmacia). To denenstratethat HGH expression is
the 35 control of the lac pronoter, pGHG 107 was transfornmed into E.
train D1210 a lac+[err], a lac repressor overproducer. Meani ngful
_ of HGH expressi on coul d ~ be detected until addition of the

er | PTG (isopropylthiogal actosi'de). Renoval of the Eco Rl site in
pGHLO7 woul d | eave the ATG start si-gnal the same distance fromthe ri bosoma\‘}
5 bi ndiexpsess ianionoudid tnet| be Penecsdedsuntdidr addi tixniref beieeen '

- those C%&t& dI?'f@ ?Fﬁbkﬁ?ﬁ?ﬁ %F%géu,sgak ct osi dease. To determ ne-

whet her expressi on-wou mmc this natural spacing we
con- verted pRpmO¥al pt4kbe 1EgO: (B}ierﬁhget o fkﬁﬂﬁﬁ)?vmwcmld lpaye

d t h |

rleg?fchtua}% zﬁﬁge?;é%fgﬁs gﬁﬁﬁeltaiaé- aétﬁi%(‘)érl:m\?\nftsﬁh#Ferr]r%Fldgase teﬁ%%%ough t he
resuldt i iyl PAANE d Sphke c8odans, 6E dhmibl acopronetes &g m}purts sinprl s-
ingly difl @@ ﬂdiﬁfééﬁ e bbdors dap@ e §§|al’§: {'ﬂ?’g g rect

radi oi munoassay:- w |1 be apparent to those skil ar't that t he
present A‘rﬂ/éﬁﬂlcd?rp$ édﬁéﬁel-l m'lt"etﬁﬁ%e er EheFEPFeGm twoukd

discussese PHbredded ®Y miRithkd dqVEnli s opPeuplalt ﬁqﬂ@‘w EoRL 5.

Vari ati ons other an-those: hi_thert 0" di'sclisse

d
appar entV® F\ﬁ@tqtequqf;l V) ﬂe toh RGRL 87 o P¥t 99%‘?5%&%@9\9&9%%‘1‘# d,

i nt qudecE 9! RESPA figeBRAHE! the & ésubeing. sEﬁQl@@t&tﬁ:d Qs Wi emot er

stens applicable o the presgent - nti,on 1 n¢clu e | apbda pronoter,
The. of S hoeBASRUC LRSS | PARSSS 4F B Y LBF LhBaC Y B tend ok Do

al kal i ne ﬂbasnhﬁta:semrlti@ﬁophahmmger tawteasultt)sxtgoiﬂersx&m for

baCterlm E af?ﬁ@w capa%ie of expressing HGH, it surpris-

B ingly did so to a lesser extent than did pGH107, as
15 shown by direct radioimmunoassay. :

‘It will be apparent to those skilled in the art

that the present invention is not limited to the pre-

_ ferred embodiment just discussed, but rather only to the

_ lawful scope of the appended claims. Variations other

20 'than those hitherto discussed will be apparent, whether

in the choice of promoter system, parental plasmid,
intended polypeptide product or‘ elsewhere. For example,

'_other promoter systems applicable to the present in-

. vention include the lambda promoter, the arabinose

25 operon (phi 80 & ara) or the colicine El1, galactose,
alkaline phosphatase or tryptophan promoter systems.
Host organisms for bacterial expression may be chosen,

e. g.,‘from among ‘the Enterobacteriaceae, such as strains

~ of Escherichia coli and Salmonella- Bacillaceae, such as

30 Bacillus subtilis- Pneumococcus-'Streptococcusc and

_ Haemophilus influenzae. Of course, the choice of

organism will control ‘the levels of physical ¢ontaimment

_in cloning and expression ‘that should be practiced to

_ comply with National Institutes of Bealth Guidelines for

35 Recombinant DNA, 43 Fed, Reg. 60,080 (1978).;-
- While preferred for bench-scale practice 0f the
present invention, E. coli. x1776 could prove of limited
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e.g., fromanong the Enterobdcteriaceae, such as strains of Escherichia
coli-and Sal-nonel:l a; Bacill aceae, -such as 30 - Bacillus subtilis; '
Pneynococcus; Streptococcus; and Haenophilus influenzae. O course, the @
choitce of organismw || control the levels physi cal containnment in

cloning and expression that should be practY€ed to conply with National
.Lnstltut es of Health CGuidelines for 35 Reconbi nant DNA, 43 Fed. Reg.

60,080 (1978). pbabtipadfiey dh ﬂmdymmaimuspziatemahufhetnrasmng
invention, E. coli. x1776 could prove of limted - “practicality in

large-scal e i ndtot tihe @sbiddtationsi pgrpossmldablﬂnaupmtaﬁriansétulfby:
ted
Dhye bl o Ta nepioS#Ee YD T diGnd SORNEN Mpp? RN Tévels Gt Pohsical,

1-12 strain 294r athen, tan@ B:iwgicchacnnmimmmm organisns gscE:]
1 P onoh TSN RL8Y seRpendy | Gors , CRhD ETTu0RLIShRERTn BRI,
with E. 10 col |9I€l‘2%$ﬂfa9r¢ KL133£ “the W IThdbn® B e d A+ S\ IHEr Lac Yy~
CXPelr or . "o UB e, GRAELOREa U O 8RR AFRIR ot Bhn. 1082) sedt.
Type Cul ture CoRRdc-{isi clhsr\iavtéﬂuif:rmtIﬂcteaihsnﬁdmtcdsE.UAT(EoMet, et
106912, 2 L gl L gE SR RTAY T80 45] B iy Y W' B
foll owing wvele gadd Jkllﬂhstmi\incﬁhlé’ygs Chlet Bfr @uror:i cSeduJyH3, Miller,
DS o oy OTERERTL ) Mol A e DGR ETCY ot §08R) g pRLER,
transfornmed w t NepG¥OLATEO D) . 31830lture of E. coli. RR1 was deposited
October 30, 1978 with the American Type Culture Collec~-
tion, without restriction as to access (ATCC No. 31343).
15 A culture of x1776 was similarly deposited July 3, 1979
in the American Type Culture Collection (ATCC No.
31537). Deposits of the following were made in the
American Type Culture Collection July 3, 1979: plasmid .
PBEGH107 (ATCC No. 40011); plasmid pGE6 (ATCC No. 40012);
20 strain x1776 transformed with pEGH 107 (ATCC No. 31538)
and B, coli K12 strain 294 transformed with pGE6 (ATCC
No. 31539). . :
Organisms produced according to the invention may
be employed in industrial scale fermentative production
25 of human growth hormone, yielding product in quantities
and for applications hitherto unattainable. For example,
transformant gg.gggi'cuitures may be grown up in agueous
media in a steel or other fermentation vessel conven-
“ tionally aetated and agitated, in agueous media at,
30 e.g., about 37°C and near neutral PEB (e.qg.. pB 7+ 0.3
supplied with appropriate nutriments such as carbo-
hydrate or glycerol, nitrogen sources such as ammonium
sulfate, potassium gsources such as potassium phosphate,
- trace elements and magnesium sulfate.
38 Ttansformant o:ganisms preferably exhibit one or more
selection characteristics, such as antibiotic resistance,
so that selection pressures may be imposed to discourage




Organi snms produced according to the invention,may be enployed in indus;riaf
scal e fernentative production 25 of human growth hornone, vyielding product ,
i nquantities and for applications hitherto unattainable. For exanple,
L agsfornant E. coli cultures nmay be grown up in aqueous nedia in a steel

0 er fernentation vessel conve}g tionally aerated and agitated, in
agbedus nedia at, 30 e.g., about 37[err]C and near neutral pH (e.g., pH \\:}
7[err] 0.3 sup lied with approprlate nutrinments such as carbo-. hydrafe or .
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‘on Sephacryl 3—200: (3) ion exchange chromatography on
15 Bio-rex-70 resin or CM Sephadex; (4) ammonium sulphate
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using antibody resins prepared from anti-HGH IgG isclated
from immunosensitized animals or hybridomas; and desorbed
under acid or slightly denaturing conditions, ("Sephadex",
20 “Sephacryl" ‘and "Bio-rex" -are Trade Marks.'
' Our Divisional Application No. 8234692 (Patent Nb.
) describes and claims a replicable bacterial plasmid
capable, in a transformant bacterium, of expressing human

. -growth hormone unaccompanied by extraneous conjugated protein
25 and a method of producing human growth hormone which comprises:
' (a) disposing a culture of bacterial ‘transformants
comprising such plasmids within. a fermenter vessel comprlsing
aeration and agltatlon means in. an aqueous nutrlment-contalnlng
fermentation broth;
30 - (b) . growing up the culture under aeratlon and agltatlon
, whlle supplying addltlonal nutrlments as requlred to malntaln
ZVLgorous growth _ '
- (c) separatlng the resultlng cellular mass from the
fermentatlon broth- _
35 (d) ly51ng the cells to free the contents thereof-
- : (e) separatlng cellular debrls from supernatant- and
| (f) 1solat1ng ‘and purzfylng human growth hormone '
contained in the supernatant.' - :



from i nmunosensitized ani.nmal s’ or hybri domas; and desor bed under acid or -
slightly denaturi-ng conditions. (" Sephadex”, "Sephacryl " and "Bio-rex"
are Trade Marks.) Qur Divisional Applicati (qJ\lo 8234692 (Patent No.
descrihes and clains a.repli cabl e bact erial ~pl asm-.d:.capable, in a
transformant bacterium of expressi ng human growt h hor nobne unacconpani ed by
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cl eavage, permtting proper insertion of 10 het er ol ogous DNA bet ween
said sites so as to cone under the control of said pronoter system
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a) 6btaining by reverse t:anscrip— )

tion from messenger RNA a first gene
fragment for an expression product other
than said polypeptide, which fragment
comprises at least a portion

of the coding sequence for said poly-
peptide;

b) where the first fragment comprises
protein-encoding codons for amino acid
sequences other than those contained in
said polypeptide, eliminating the same
while retaiqing at least a .
portion of said coding sequence, the re-
sulting fragment nevertheless coding for
an expression prodhct other than said

polypeptide;

the product of step (a) or, where reguired, step (b)
being a fragment encoding less than all of the amino

acid sequence of said polypeptide;

¢) providing by organic synthesis

one or more gene fragments encoding the

remainder of the amino acid sequence of
said polypeptide, at least one of said
fragments coding for the amino-terminal
portion of the polypeptide; and

d) deploying the synthetic gene frag-
ment(s) of step (c¢) and that produced in
step (a) or (b), as the case may be, in a



d) deptbying the synthetic gene frag- nent(s) of step (C) and that
produced in step (a) or (b), as the case may be, m“m mﬁnﬂ cl on=|
vehi'cle in proper read- ing phase relative to one a t he -

control of an expression pronoter; whereby a replicablefclionimngsvehicle . :;
capabl e of expres- 5 sing the amno acid s ence of said polypeptide is

d. 2. The nmethod of- claim 1l wherein the cloning vehicle of step

(d) is a bacterial plasepliicable cimhim§h95h9E16|§hUF%'gQ
synthetic frag- 10 ne encodi n ﬁ no-term nal e polypep-
tide additionally code ngop%éﬂ) eE &L AT Y t?péb'i‘?l%%PF eg| éaﬁabmé%fm no -

aci d sequence, and. whet hien d:bmt:t:a:glreatfs &he é@?k@)@éﬂlgfﬁmkbﬁﬁméﬁam and
ere

in readin ha ei n-encodi ng copdons

conjugateg 25 P asn%gy Eﬁ gééi&ﬁgﬁgg usgqﬁﬁﬂﬁna%#kﬁ#?lﬁﬁpﬁ9lel85v669ﬁ95'
yield the pobyschagdehd. aminoThecidt hwedgulenceé abfh P! goN yigkp €150 ig
aci d sequence q%gﬂgai?ﬂypeptlde I S expressabl e unacconpani ed by "ext raneous
protein. 20 5 he met hod of claim4 wherein the fragnent of step (a)
conprises at |east a najorlty of the codi ng sequence for said pol ypepti de.

6. The met od of c el eti.c fra a

transcript fragﬁent argﬂ | Jat & EQG? gn%#%ﬂﬁi%a“hﬁﬁﬁﬁﬂngﬁﬁl TB@EP@yN@P@?%?
the cloning velflsteps5(dhniiswaebactertialoplesnid ends of the fragnent and
of the transcript are vari.ously single stranded or blunt so as to ensure

| i gation of the tmo fra% ments in the proper order for expression of said
pol ypept i de. e method of claim 2 wherein the synthetic frag-

10 ment encoding the amino-terminal portion of the polypep-
tide additionally codes for expression of a specifically
cleavable amino acid sequence, and wherein the fragments
are deployed downstream from and in reading phase with
expressed protein-encoding codons, whereby the conjugated

15 plasmid expression product may be speczfzcally cleaved
to yield the polypeptide. ' '

4, The method of claim 2 wherein the amino acid

sequence of the polypeptide is expressable unaccompanied
by extraneous pretein. '

20 5, The method of claim 4 wherein'the fragment of
step (a) comprises at least a majority of the coding:
sequence for said polypeptide.

6. The method of claim 2 wherein a synthetic fragment
and an mRNA transcript fragment are ligated to one
another before their deployment in the'clbning vehicie,
25 and wherein the opposite ends of the fragment and of
the transcript are variously-single stranded or blunt
so as to.ensu;e.ligatioh of the two fragments in the

- proper order for expression of said polypeptide. '

7. " The method of claim 5 wherein the polypeptide
30 is human growth hormone, and wherein the first fragment
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The nethod of claimb5 wherein the pol ypeptide 30 . is human groﬁﬁhg

and wherein the first fragnent conprises protein-encoding ° .
for ami no acid se- quences other than those in human growth hornone,
dherein elimnation step (b) yields the Hae IIl restric- tion enzyne

fragnent of the first fragnent. 5 ﬁ? The nethod of claim?7 wherein step
(b) includes digestion of the Hae | fragment with a different restrictio Y
enzyne, cleaving away codons for .untrans-.|ated pessenger RNA and :

LT P A S-St AR T BT "
71 ] e AR, ool o BB R ot
cloning, Ve AbBRRIELLB: MBS ARG SR Bl HIECadk Al E O

process s dddpiné "EAIYmERE SF thal FErat! Qﬂ%méﬁ. A replicable
bacterial plasmd as clainmed in claim?20 12, capable of expressing hunah\\

~ growt h 1@ Mnerhd 4netRodEbH081asme Faivieedtein @t 1d OfirndRides 1 to 10,
wherein the am no acid sequence of.the polypeptide is expressed. 15. The

met hod ofdijedticn veErthe Hie ITINEragménts witdy e @iEf¥rdde pol ypeptide is
expressed. 31.16. A nethod as.clained in claimi14 or.claiml15.
restriction enzyme, cleaving away codons for untrans-
lated messengér RNA and Simultanéouslyéproviding a
'singlé-strénded'terminus aﬁ'bhe“end éf_thé'fésﬁliiﬂg"
103fragmént. o _  : o _ o -
9. The'method.oflclaim-a whérein~the=$econd-restric—
tion enzyme is Xma I. |
.10. A meﬁhbd és ciaiﬁéd'ih ciéiﬁ 1:qﬁ:¢1$im.2;-caffied
out substantially as described“hereiﬁ. | .
15 i1; A répliéable'éléniﬁé“éehiéle; wheﬁéVer produced by
é'proééss as claimed in'any_énerqf claims”1 tb'io. |
12. A'replicable bacterial plasmid whenevér prodﬁced
:bY'é'p:oéeés as claimed in any one of claims 2.to 10.
13. A fépliééﬁié'bactefiéi pi$smid és ;laiméé in‘claim
20 12, capable of expressing hﬁﬁénsgréwth hormoné. o
'14. A method as claimedfin any one of claims 1 to 10,
ﬁhefeih #he:amino ééid'géépen¢e.cf"the po;Ypeptide is
" 15, The method of claim 4 wherein the amino acid

'.ZS.Séqhéﬁce of the pplﬁpeptide:is'éxﬁréSSed;f h

T



substantially as described herein. 17: A pol ypeptide whenever produced By, &
net hod as clainmed in any one of clains 14 to 16. 5 18.. Human growt h H
hor none whenever produced by a nmethod as clainmed in any one of claims 14 to
16. 19.. A nethod as claimed in claim1 which includes any two or nore of
the_features specified in clains 2 to 10. 20. A-nethod according to claim1
Q- claim4 or claim7 wherein the pol ypegtfi de i s human growt h hornone and.
wherein the codons for amino acids 1 to 24 thereof are essentially as
depicted in Figure 1 of the acconpanying drawi ngs. The text of the

D oot O, PR RS SRR B oaeiBbpsarts. o oL
g?gnfggglg?ltag3§§§%%¥&6é$p§?iyrgégé§§ﬁa§qgggggﬂgs may be |nspected on the
17. A polypeptide whenever produced by a method as
claimed in any one of claims 14 to 16.
5 18. Human growth hormone whenever produced by a
method as claimed in any one of claims 14 to 16.
19. A method as claimed in claim 1 which includes
any two or morelof the features specified in claims 2
to 10.
20. A method according to claip 1l or claim 4 or claim 7
" wherein the polypeptide is human ;rowth hormone and
wherein the codons for amino acids 1 to 24 thereof are

essentially as depicted in Figure 1 of the accompanying

drawings.
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