(deoxyhi bonucl ei ¢ acid) of which genes are made conprises both
pr G -encoding or structural 5 genes and control regions that nediate
t he “eXpression of their information through provision of sites for RNA
polynerase binding, information for ribosomal 'binding-sites, etc. Encoded
protgin is "expressed" fromits correspondi ng DNA by a nultlstep process
wi thiT an 10 organi sm by which: 1. The enzynme RNA pol ynerase is acti-
vitated in the control region (hereafter the "pronoter"”) and travels al ong
the structural gene, transcribing its encoded information 15 into
nmessenger ri bonuct oi ¢ acid (PRNA) until transcription is ended at one or
nore "stop" codons. 2. The nRNA nessage is translated at the ribosones
into a protein for whose am-no 20 aci d sequence the gene encodes,
beginning at a translation "start" signal, nmost comonly ATG (which is
translated "f-nethionine"). In accordance with the genetic code, DNA
specifies -2- each amno acid by a triplet or "codon" of three adjacent
nucl eoti des individually chosen from adenosine, thym - dine, cytidine and
guani ne or, -as used herein, ATC, -or G These appear in the coding strand
or codi ng sequence 5 of doubl e- stranded ('duplex') DNA, whose renining or
"conpl errentary" strand is formed of nuttedtides (' bases") which hydrogen
bond to their conplenents in the coding strand. A conplenments T. and C
conplerents G These and ot her subjects.relating to the background of the

Bacrerin Riasmip Enceding Homan 6’P.ow-m \oRrMmaR S
- ° 1 -

BAC;Q:LAL PLASM D ENCODI NG HUMAN GROWTH HORMONE Genet'i ¢ Exek b5\ Sa-ie DNA

F o

- . —

Genetic Exgressién
" The DNA (deoxyribonucleic acid) of which genes

are made comprises both protein-encoding or "“structural®
5 génes and control regions that mediate the expression of
their 1n£02mation through provision of sites for RNA
polymerase binding, information for ribosomal binding
sites, etc. BEncoded protein is "expressed" from its
corresponding DNA by a multistep process within an

10 organism by which:

' l. The enzyme RNA polymerase 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 more "stop”
codons.

2. The mRNA message is translated at
the ribosomes into a protein fbr whose amino
20 ‘acid sequence the gene encoedes, beginning at a
translation "start" signal, most commonly ATG
{which is translated "f-methionine").
In accordance_with the genetic code, DNAlgpggifies



10 invention are discussed at :length in Benjamn Lewi n, Gene Expression 1,
Z (1974) and 3 (1977), John Wley and Sons, N. Y. DNA O eavage and Ligation
A variety of techniques are available for DNA 15 reconbi nation, according
t o whi ch adjoining ends of separate DNA fragnents are tailored in one way

or another to facilitate ligation. The | ar2er termrefers to the formation

Che aoaperdirehEh HERa PEEIRCRA L BYeR AL WA SdSnn TBY (HAdD 4d524dRe
mremégyall?ﬁnﬂd;ﬁptédesiﬁﬁ?@viga;kmgs:hnsﬁnmﬁqpmoadbmusﬁnay shyplie
Soes 11ona t edind ) BYR 9L AR A i ARe HR, B WALAIRRANE W Pk e
ref?;;??déo 28, agrhehﬂﬁgdppEGMﬂIn theycbdihgwsxtaudtbe a@ﬁingwse@uenfe |
by chevi ngs badt ESBdEr s Eadd] T gL 6X ShER, ROLE Fehkth ThP ok

A-gé?nggleﬁag“compmemeahdryﬂsstxng?ni; foemad m@ynhelba¢ﬁdese$12aséndn
Shosphodi cot o P PV £85 R PR, e, bhEL L IEUREN dnehtisd bt Y Ccoding
aboalt 4(53afﬁ;unnd.n1Aeogﬂgﬁ%meﬂrsctbomndte:@ompwbmentstG&nlmhese
EDETES e a4, BEEAR IBIRAER B3NS o358ne HppnBadind g phe
make st agbe{ edrx]menﬁtno]p grénegamchssted caut)llﬁm%:w yim Bdre:smmnnd:wlwin,
sequences a e en Q §dunl e { nt.s > Y, ey and
g;?pfﬁa tcﬁesgkmp,dnhhexent nn?ggj?:s ggggcfgg:ed &fgzﬁghfs enzs%zg :

crosswi se pairing of the conplenentary single strands generates a new DNA
nol e-

DNA Cleavage and Ligation -
A variety of techniques are available for DNA
15 recombination, according to which adjoining ends of
' separate DNA fragments are tailored in one way or another
to facilitate ligetion. The-latte:gterm.refersfto the
formation of phosphodiester bonds between adjdining
nucleotides, most often th:ough the agency of the enzyme
20 T4 DNA ligase. Thus, blunt ends may be dzrectly ligated.
Alteznatively, fragments containing complementary single
strands at their adjoining ends are advantaged by
hydrogen bonding which posztions the respective ends for
subsequent ligation. Such single strands, referred to
25 as cohesive_termini,'qayfbe formed by the addition of
nucleotides to blunt ends using terminal transferase,
and sometimes simply by chewing back one strand of a
blunt end with an enzyme such A -exonuclease. Again,
and most commonly, :esort'may be had to restriction endo-
30 nhucleases (hereafter, "restriction eniymes'), which
cleave phosphodzester bonds in and a:ound unique se-
quences of nucleotides of about 4~6 base pairs in length
("restriction sites” ).. Many restriction enzymes and
their recogﬁition sites are known. See, e.g., R.
35 'J.'Robe:ts, CRC Critical Reviews in Biochemistry, '123

Ll




gstriction enzynmes which | eave cotermi nal or "blunt" ends on dupl ex "DNA

at has been cleaved pernit reconbination via, e.g., T4 |igase wth other

bl unt.- ended sequences Cl oni ng Vehi cl es and Reconbi nant DNA 15 - For
present. purposes,. “cloning vehizd e" is a nonchronbsonmal |ength of duplex ~
DNA conpr|5|n an |ntact repl.icon -suchftE?t ‘the vehicle can be replicat

when{Np¥aced S B hien MRV cBAKR oSt Cuh& hRL )IeRe¥PRAsf or mat i on.
AN %a%e%&mﬂemﬁ&eaﬁs} Isiﬁgilee-tteraﬁdetd agequlerrés. atPresently, the

cl oni ng vehicles co use are deriyed from;vi ruses and bacteria and
m)steﬁgrﬁmﬂlfy the I%@-%’F %&%@PF&*W Céq e%omg]lléé‘}ﬁﬂga E¥YARRTices in .
b: OC@ﬁéh%ehs,: uhree@n;%truuin hfm:e Wouhéﬁvee eauat ol Im%ﬁb%necorr?l nant'
c onj ng .vehi cl es..in or exa e to contain

R O I T R R e e N
hgteu.elaloueustwmd Bh i elmzpmeeantrlal‘#swuauecpuﬁs:bl ing p(ﬂ]ylﬂeetldes )
ordi narily not .produc ni sm_s tible to nsfprnati on
Oro Bammnemaheusy  Einate ' S5roEE) FENNREERY & Rl PUE ROPETTT O oY
enzygul é p wipicte dameble @ﬁévénwcogrilgattamntegrrrﬁty b?heueseinge bound to ®

Funct EARR e BSH AR K 4 URREY Tab PRl nt BB S FRISRED LYy a5

'lnsefthel rpo:rzhtctoﬁwganneaiingrrantnesﬁrﬁactronn‘enlgmsrmlniqh|keameerted into

na EPERHRTAT, Wy BRIl op dpeflfx. Bl HEN HABTRepA, 50 50
copi el edvedepemmbborecpmbiaation vdai celgrn ,cwesl,igase with
' other blunt-ended sequences.

ctl e, which can be giveh covalent-infegrity byIUGing'Iigase to. seal the
ngI e strand breaks that 'remain at 10 the p0| nt of annealing. -

Cloning Vehicles and Recombinant DNA |
15 - . Por present purposes,.' 'cloning vehicle - is a

nonchromosomal length of duplex DNA comprising an intact
replicon such that the vehicle can be replicated when .
pPlaced within a: unicellular organism { "microbe"™) by -
'transformation.' An organism 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 construction of 'recombinant" cloning vehicles in |
25 which, for example, plasmids are made to contain exo- . »
genous DNA. 1In particular instances the recombinant may '
include “heterologous“ DNA, by which is meant DNA that
codes for polypeptides ordinarily not produced by the
organism susceptible to transformation by_the recombinant
30 vehicle. Thus,:plasmids'are cleaved with restriction
enzymes. to provide linear DNA having ligatable termini.
These are bound to an exogenous gene having :ligatable
termini to provide a- biologically functional moiety
w1th an intact replicon and a’ phenotypical property
35 useful in selecting transformants. 'The recombinant
moiety is inserted into a microorganism by- transformation

a



.W|th the further object of expressmg the protein for 5 which the gene
codes. The associated technology and its potential applications are

revi ewed i n extenso in the Mles International Synposi um.Seri es 10:
Recombi nant Mol ecul es: 1npact on Science and Society, Beers and Bosseff,
eds., Raven Press, N Y. (1977). 10 Rec_c_)?‘oj nant DNA Expression Aside from
the use of cloning vehicles to i'ncrease the supply of genes by replication,
tRece have fe@nthiet emfmsutseasbmatsd) and ualopedypwdsth B ei ns for
whi ch the ge de th.efl t,s A5 _gene for, t rain
-hor none sonﬁgo"s?'&% o?lfurﬂl}eF Elé‘ré%eof éﬁé‘ 2 ]‘p‘?‘aﬁnt%a} eva "ﬁ?%?sed
in E *l Col lcbgdiesl af - thel tead@lgenemalgeﬁfa eand,1%n ﬁ&ﬁ&x&cﬁ.ﬂﬁﬁ hcafbes,
recently, a man i ngulin vwere e ed_in.t S
Fasht on’ ancWedib, POA tihs bPRS reBIg ek, A e Fptess AELFHS ardfenpRlE
Nat ' | . ﬁsadwh&nh , tHEA 56ne i:%e(sﬂﬁﬁ%he hsseaﬁrwh@setébhn@am lwm& tes-
structed in_their t|r nt hesi s ac ase, proteolytic
enzynes i (RPEATE18d | SRBYAP AL, poe s utivad "8, fELeBRg 1F the
necessitatiMg.léss me@n:iaeaoz-ﬁal .smosaaheosémiraslle Relcoabderantt h

anot her prog.ei nwhlchpro ected |t by cofpartment gl izatTon and_wiaich coql d
"be*extracel & ; Sl ~LFN_ !-- <=t QCLRETy BRE %?RH

descri bed i Bogbeﬁ@) Ieaa\sng gulved |WsBrm|ysh mm) +specifications of the
asgl gnee of 30 the present application: GB 2007 675 A, GB 2 007 670 A, GB
07 676 A; and. GB 2.008 123 A. (*Escherichia) Wile the synthetic gene

approac_‘m haRepomidnane  DNAI B wj/mal cases t hus far discussed, real
diffi- cultres arlsg.,ln e case o0 ar er r ot ei oduct s .
growt h hor none, . éﬁif tE%‘Foﬁie V\/ﬁ&sé’ c%?ﬂégéeﬁdﬁﬂgljyn%Fésg

conpl ex andehesSsuPPSLRt i Ofc geénes by replication, there have been -

attempts, -some successful, to actually express proteins

for which the genes code, 1In the first such instance a

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

20 hormone. D. V. Goeddel et al., Proc. Nat'l, Acad. Sci.,
usa 76, 106 (1979)=.-. In*each case the genes were con=.

structed in their entirety by synthesis. In each case,
proteolytic enzymes within the cell would apparently

degrade the desired -product‘, necessitating. its production

25 in conjugatéd form, i.e., in tandem with another protein’
which protected it by compartmentalization and which

. @ could be extracellulary cleaved away to yield the product

intended., This work is described in the following pub-

lished Britisk patent specifications 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, Escher:.ch:.a)

| . While the synthetic gene approach has proven useful
in the several cases thus far discussed, real diffi-

culties arise in the case of far larger protein products,

35 e.g., growth hormone_,h and interferon,  whose genes are

correspondingly more complex and less susceptlble to

n



' Qi | e synthesis. At the sane tine, it would be'de5|r- able-to express
¢h products unacconpani ed by conjugate protein, the necessity of "whose
eXpressi on requires diversion of resources within the organi smbetter com
5 mtted to construction of the intended product. O her workers have
attenpted to express genes derived-not by organic synthesis but rather by
reverse transcrlptlon fromthe <8+ respondi ng nessenger RNA purified fronl~’;,_
tis bIenB have -at.t ended t-his .10, apprqach. = Jo begin-with, -
rev§F§e“t?aﬁ ?ﬁ&@‘rraé\%t t$2ME FiBer ot GH‘I&QQI@Q SRFATDf. conpl eting
cDNAbﬂ.t!f toeeeupressasuuh groﬂmwemecdompaeﬁed Ty scohPugaranpl e,
b?ﬁyinngff ﬁ} obtalne€ D§$ g r0|ns I n which,|acked codons
for Pt £ %enﬁﬁﬁﬁsa’t #s % Y39 B§ﬁq AR LGIBIEB oc. Nat' | .
AcadivexsiodSAdfSrasduréasswithida rrheeucrmismrbcttatleamef mMRNA for - -
ol t S as yiel'ded cDNA for the
% %8?@%#1 &zor r#%?ﬁgﬁc?ﬁ% t%%%ag?ﬁéédﬁﬁolpéﬁ’ﬁ$ results.when, in a
eukar yot QtRRer oeolrkeesddtayequahd:@nplteden:maexpaﬂessr ayoned. Thus far;
no | I ag, at Il it sg _that nRNA
TS AR YIRS B LR TRh r a0 b Vi Pehic,
sequmtmsmﬁiphaqmedromrﬁbemc@rhaspbaﬁihglnemsbnqerwanmr125 o
|ts Vi sl f upr. et al
brigted; W?&Jir%f s CRFRELERE, ive e fbadSRobRESY 0 L |
1@>t hGP:?!tQ)aQBot erTal begdnpmddh hureve hsenbranscriptase magcstoprs) from 30
a n a egde0 c n conj ugat ed
MRNQtyf meawﬁa f?faﬂ nROOS MY £ °Fr OBbkp G ity RRKCEL RN B

pr ot ei ns not par ent anenab extra- avage e. g
Vi | eatdaner amfin%upncé (pegpence rdesipedins Mhug, ebexampiepra (bet a-

| Iacga&?%rggg;%g f@rebb%ﬁu@%ﬁﬂwsmwswfﬁguﬂwh hormone
' 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
bioactive 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
'capabilxty, 80 that mRNA transcripts have vielded,-
expression products containlng the leader sequences of
the precursor form rather than. the bioactxve protein

25 itself._ Villa-xomaroff, supra (rat. proinsulin); P. H.

Seeburg et al, Nature 276, 795 (1978) (rat pregrowth I
hormone).,._- R . _ . .
Flnally, Pﬁst attsmpts by.others to bacterially : &

'express_human_hormones (or their precursors) from
30 mRHA'transcripcs have on occasion led only to the
production of_conjugated_proteins notpapparently amenable
to extra-cellular cleavage, e.g., Villa—Komaroff,_supra,
(penicxllinase-proinsul1n), Seeburg,-suprai(beta-
lactamase-pregrowth hormone). = - -"r R | o .

35 Human Growth Hormone ) o .
Human growth hormone (“HGH") is secreted in the



-6- human pituitary. It consists of 191 am no acids and, with its nol ecul ar
wei‘ght -of about 21,500, is nore than three tines as large as insulin.

Until the present invention, human growth hornone could be obtained only 5
byl aborious extraction froma limted source -- the pituitary gl ands of
human cadavers. The consequent scarcity_.of the substance has limted its
appM cations to the treatnent of hypdbi?uTtary_dmarfisnl and even here
reliable estimtes suggest that human-derived 10 HGH is available in

sufficient quantity to serve not nore than about 50% of afflicted subjects.

In sunmary, a RN HRALRAEIYG | HE RIPALEREISToN Hr ARERA garktAsaaddot her
pol ypeptide products in quantity, and that need has been particularly acute
in 15 the casdighhpbbspRpleqedan veight o8 abemt &1 AR éss?ﬁFﬁeﬁ'@-\br,
for that matter, nicrg%LaL expression f onhintirel synt heti c genes.
Expressi on of thE®® Fimesorsy Q?ﬁnﬂim R8s c Ul ke cPreseat: ne

prom se of sideste 'Ein% difficulties that attend the syntheti¢ 2Q approach,
but until the ’ﬁ*%%’g ORas BHRAR & | Bormere o d, e ebrasngg only

bi o-i nactive_ gonjligates from which fhe desired_hornone coul d not
oot aobly Bt LaBeRTows, SRk i on, ERoRA. TRIRAEL SOVESE| orhtBes

bacterial plasmd capable, in a transfornmant bacteri of expressing human
grovw.h-h'ormn@mﬁgﬂaﬁﬂ'éa‘g@ @&%u?aém-e%o?@ﬁg@en; 6a - A -

pl @sm d aCCO“%éE&é£t§hgfi%ﬂgugégkéggggrﬁggylimited its-appliqations'_
to the'ﬁreatment of hypopituitary dwérfism, and even -
here reliable éstimates_snggest that-humaﬁ-derived._f
1o'HGH-is*availéble in sdfficienﬁ_quantity to.sérve ﬁot _
moré than about 50% of afflicﬁed subjeéts..
:'_ In summary, a.néqd‘has existed for'ne&'methods'
.of producing HGH and qther'polypeptide products iﬁ-Q
quantity, and ﬁhat need has been particula:ly acute in
15 Ehé:casé bf.pélypeptides too large to admit of organic " -
synthesis or, for that matfer,fmicquiél expression N
from entirely synthetic~genés;- Expréésion-éf mammaliaﬁ
hormones’ from mRNA transcripts has'offered the promise
- & . of sidestepping difficultiés that'atheﬁd the'syntheﬁic
' 20 approach, but until the present has permitted only.
microbial production of bio-inactive conjugates from-
which fhé.desired hormoné.coﬁld not ﬁraqtiéably be
cleaved. _'_ | | _.
The present invention prévides a replicable
25 bacte#ial plasmid capable, in a tﬁ;nsformanﬁ_bacte?iuﬁ,
of expressing human growth hormone unaccompanied by

extraneocus conjugated protein.

G
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proportion cDNA or a replication thereof. A plasnid according to the
invention preferably 5 exhibits resistance to at |east one antibiotic. A

pl asm d according to the invention preferably lacks the tet pronoter yet
exhibits tetracycline resistance. In a plasmd according to the’invention,_
the 10 human growt h hornnne;gqﬁgqlng'gene-is‘preferabLy under the cdntrq%HJ'
of tandem | ac pronoters. The inventiron provides the plasm d pHGH1LO7 and e
plasm d pHGH107-1. A plasm-d according to the invention is especially 15
one thal ASpfaBfleaccbAdflis 0 MBAL EACURLIGH Pycid-diarperia, of

expressi ng e am no acid seguence successively“depicted1n Figures 1 and

3. s | &VBRnAAN grdhéte ho¥minéleéndod i ARl Bend WHICW cdiast L5648
transformants conprising plasm ds as.described 20 above ‘according to the

i NVelt | Sbstantiadl prichurtior EDNA et a FeelilcyeiYn itherédépN provides a |
replirable cloning vehicle, capable in a transformant bacterium of _
expressi ny plasnid avtgrdireeptéd deheninvertdeire praf exdbhyeous 25

conj ugated protein,  whose mammul i an pol ypepti de-encoding . -6b- gene
chHnexbibita rébisiance 4o oporléastcobEAamtibicdpicdcation thereof -and a -
proportion of synthetic DNA. Preferably, the nmammulian pol ypeptide is hunan
.growt h hoAnphasmid according Tte thecinventdiesy prefiexidly net-hod of -
produci ng human growt h hornone whi ch conprises: (a) disposing a culture
accokafRg thet keli Promatar Wwehi exhibitgetesr Ne&onprising aeration

vi}has a human growt h hor none- encodi ng ‘gene whi ch conprj ses in substantial

and L _
resistance.

In 5=piasmiaﬁaCCcrding'£o.the invention, the
10 human grcwth:ho;moneééncoding gene is preferably ﬁndér
the cbnttolZOf tandem,lac promoters. - -
The invenﬁiqﬁ picvides_the:plasmid pHGH107sand g
the plasmid p?GH107-1;~ |
' 'A plasmid according to the invention is especially
15 one that is capable, in transformant Es¢he:ichia;gg;i_
bacteria,_of-expfesgigg the-aminé acia-sequenceh
successively depicted in Figures 1 and 3. -
- The invention further provides a viable culture of
bacteriél_transformants cgmprisinglplaémids'as described .-

20 abbve_acgordinq_tp the invention.

In an aiteihatiﬁe:émbodiment, ﬁhé'presenf'
invention providéé a replicable élonihg Qéhiclé,
capable in a transformant bacterium of exﬁfes;ing a
mammalian polypeptide ﬁnaécompanied'by.éxtraﬁébﬁs ﬁL2

25 conjugated protein, whose'mammaliah'éolyﬁébﬁide—ehdodiné'



agi tation neans in an aqueous, -nutrient-containing 10 fermentation broth,
(b grow ng up the culture under aeration and agitation while supplying
additional nutrinents as required to maintain vigorous growth. (c)
separating the resulting cellular mass from 15 the fermentation broth; (d)
|l ysing the cel'ls to free the contents thereof: (e) separating cellular

debﬁ%%;fr0nlsupernatant: and 2.0 © -A{f)_ é'qlating and purifying human
gro hor nrone contained in the supernatant. In a preferred enbodi nent, the

bacteria are tr 3 hegi ghi | 5 | ctd
char aclt eristic gﬁ%%ﬁ%%l gig'lt %gﬁﬁ%%lugr%\%ggggﬁ??ég Sﬁg‘ﬁtﬁg (ﬁrscaour age

conpeti tion by 5@% daPforSthatetlt ankl'd propoftion N8P sghtte i QA ON

also rel ates t ods and neans for expriessing quasi-synthetic genes
wherein rever S@Adfteahly} | €HePhendqsah t2dePeb! hetharP'Harawl vy a
majority, of the coding sequence w thout aboriaus resort to entirely
synat heti c constyosamdred. Whil e synthesis of the renmi nder of the coding
sequence affords a conpl eted gene capabl e of: expressing the desired
pol ypept i sle unacconpaniPie binbentioacales ipxpviddsr asngthod o prodeting
extyaneous protein. 10 Aternatively, the synthetic reminder may yield a
pr ot eol ysi s- r e st tgrowtly ghormonee whiialke raminpsise@es per nit extra-cel | ul ar
cl eavage of extraneous protein, yielding the bioactive form. The invention
acoordi ngly nmakes avéa) adisposingde culture according to the invention
within a fermenter vessel comprising aeration and
agitation means in an aqpeous. nutrient-cdhtaining

10 fermentation broth:

(b}, growing up the culture under aeration and
agitation while supplying ‘additional nutriments as
required to maintain vigorous growth. .
() separating.the-resulting.cellular mass from -
15 the fermentation broth:
() © 1lysing the cells to free the contents
 thereof: - |
(e) separafing cellular debris from'superhataht:
=" . and | |
20 (£) isclating and purifying.human growth hormone
cbntained in the supernatant.
In a preférred”embodimeht. the Sacteria are
transformant Escherichia coli having a selection
characteri;tic and wherein selection pressure is applied

25 to disgourége competition by wild-type Escherichia goli.
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roduced only in linmted quantity by costly extraction fromtissue; and.

% 7- and neans for nicrobial'production of numerous naterials hitherto
yﬁ?

still others previously incapable of industrial manufacture. In its nost
pre- 5 ferred enbodiment the invention represents the first occasion in
whi ch a medically significant polypeptide hormone (human growt h *hornone) .
has been bacterially expressed while avoiding both intracellular . - \,rf
proteolysis and the necessrthﬁ‘conpartnental|2|ng the bioactive 10 folfm
in extraneous protein pending extracellular cleav- age. Mcraobial sources
for human growth horrnone made avajl able by the invention offer, for the
first tifBheapppsentpdinvention elaornedatesr tio meathods oilmi\ypopl - tuitary
dwar f i.sm t oget her with other appllcatlons here- 15 tofore beyond t he
capé@ﬁ%‘}s of OF | s¥pregaing AuRSImrEntBerdesgenes Wherednf f use gastric

bl eedi ts seudar - t,hraosis,: burp_therap unq heallng, dystrophy and bone
kni tX hErﬂRREQJH§+QMHRﬁPY+Q%% ﬁnﬁbe FARFL0  advant ages of

the i t b t d full t he detail ed
desdTE SRR RS Sk S""é&“&hﬁaﬁ%é«%ﬁlﬁmﬁgi felating to a
g;ﬁtlh%ﬁ: ggﬁn‘%g Pgr nc&?sﬁ‘i é%eg};ﬁgﬁeg %a\%’i-?ﬁe ’?‘E%e‘t cogloln; fsor '?he '

o B e O e e oo Upper -

10

Strafdedrdl) a286 myiett@a CERPABIY BF bpRlesHimGHel”) indicate the

ol i gonucl eot I"des joined to fformthe depicted fragnent; Figure 2 depicts

j Oi ngkes i péat pelydeptiidie hma&wﬂpaﬁyeaew M&-ti@:s‘dﬂmé&@ngene fragnent of
Figure 1, and its Insertion in a plasmd cloning vehicle;
1eader seguences or other extraneous prctein.
Alternatzvely, the synthetlc remainder may y1eld a
proteolys;s-reszstant conjugate'so eng1neered'as-to )
‘permit extra-cellular cleavage of extraneous protein,

.yielding the biocactive form. The invention accordingly ©

makes available methods



Figure 3 illustrates the DNA sequence (coding 35 strand only) of the Rae-
11" restriction enzyne fragnment of a pituitary nRNA transcript, with the
nunber ed. am no aci ds of hunman growth hornone for. which they code. Key
restriction sites are indicated, as is DNA (followi ng "stop") for
untransl ated nRNA; Figure 4 illustrates construction of a cloning
vehigl e for a gene. fragnent coding for t € am no acids 5 of human grow h
hor nrone not samd hmeiarsg| fodemierobiad mmmmioncbfomuﬁexm galterials

[roma huran i ERAERY SREPERCad BT 4bs THRhed Ruaiik 8¢ RefiY

g pl asmi d 1Qtextmabd:t,ion m_nr!msrsfuexpraasd;l sg”iﬂmaotgrw;shph@wﬁoafly

he 1 nvent | o HORARES  RE AhaRARY FRL Aulag o fon i ERFCRESY Fre-

gl ur al dgeﬁedfﬁenge\ﬁboaimntmlmtinwecrwtohorreegpemts H’ne of itchee
esired pro

h d b
reverse tr ansocé?ﬁﬁ"(ﬁﬁ f i&m ”h‘\ﬁ Ieas‘qs)fﬁgggqq’sjt)%t :{ﬁ\ ma%étt fepgi‘/li géutﬁe
A Ulrich ethetmdmeerceuinn @Bw(twmbrMnqu%sr b\eeieSbacwé)ﬁiaﬂ.UJyﬂl

o rod proafsE naed  BhaTEravRATh e, Hhek pinBracsd B ok Bheolysis

synt heti cal | ﬁndThasymehﬁss:iayd mRNeomtmtmlepttﬂ dginmg sthiee bioactive

top 2510 ' 2858 38 G el i o ERAT meddinkc exkradebiniRT FLaarne

for the end pgevct Mischobiel swuheceisc furl h&&#hnrrg&tomt hodme hw rumie
Gl bort. ProdvaaLabIgany dne davenrids oBder. ' 28stase £lr g Vi)
ample supplies of the hormone for treatment-cf hypopi-
tuitary dwarfism, together with other applications here-
15 tofore beyond the capacity of tissue—derived hormone
| sources, including diffuse gast:ic 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 appea:
more fully from the detailed description which follows,
and from the accompanying drawings relating to a pre~
ferred embodiment of the invention, in which: |
Figure 1 depicts 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 ("0") and in the complementary
or lower strand ("L") indicate the oligonucleotides
30 joined to form the depicted fragment; |
Pigure 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 wvehicle;
Pigure 3 illustrates the DNA sequence (coding
35 strand only) of the Hae III restriction enzyme fragment
of a pituitary mRNA transcript, with the numbered amino
acids of human growth hormone for which they ccde. Rey

e



at least a carboxy term nal portion of the desired product, as well as
er codons for untransl ated mRNA downstream fromthe translation stop
signal (s) adjacent the carboxy termnus. The presence 35 of DNA for °~
untransl ated RNA is largely irrel evant, al t hough undul y | engt hy
sequences of that kind may be r_egmved as by restriction-enzyme cl eavage
to conserve cel lul-ar resources: enpl oyed.-in repl.icating and expressing thé/f
DNAﬂggtgigtiaﬁegdtéspemﬁudmdﬂcatgdz|@deﬂsﬁﬂ&ksﬁfBlibwanaNA\MII contain
codeigs )tfgke ﬁhggdgrdyégnﬁﬁhgequence desired, ‘as well  as extraneous

codons- stream ‘rom t he-am no: .t er i nus. of-.the i ntended product.  For
exanpl e, ?rﬁsﬁﬂ}flef 4ot liuspoalespite ﬁ@pﬁmé@%k@eaﬁrasgéemlﬂgprecursor

for e &1 beaiss ar gwélatr méREUYYSEnS| UL IENE hRYAbYRige 90 N

tranzPort ‘to the cell merbrane. ‘I n exgre55|on ?ron1eu karyotic. cells,

Phed %%éﬁc&raﬁ?berﬁ?ﬁﬂp%l‘l@tr m%@e%ilﬁa@etﬁﬁeﬁor#ﬂ% enters the |

perwé\sebaswetu%ﬂ teef kot @neaei-t &Jﬂfﬁs"@&ﬁﬁgémeﬁ‘t%r ial cells -
cannot. be relied 15 on:to-perjorm f-uncti on ccordi ngly

des P RYt & 4%RBFE BﬁsésiRBHPﬁg ’Eﬁ’msm%lmlét6¢ FESMerd sequences
fromuﬁgh 1E§a§cgumrce4rhﬁ@e course of that reanaI process .t he
transleuléglstart s%gg -al so.lost, and al most’ ari a }y so €. codons. 20
- for the iFtEHI& Sr &SE\FFF% tRepFonstrust on eas conponent ..
10f dthepacw@; fxli nbaeteeiiwﬁemr@ﬂpeéseﬁngh?umt rﬁt@aithehu&ﬁ?dﬁ}ese lt ﬁt ter

co as, We p w rLanst at i si gna ere the
veh% Q&ngﬂ?gﬁ iﬁ@l@%ﬁéﬁ?@é %gmkﬁﬁuﬁﬁﬁ %e 25 deployed itself

| acks a properly p03|t|oned start. EI|n1nat|on of t he ‘| eader - sequence from
pregromﬁh hornDne CDNA i's advantaged by .t he avallablllty of a

@ DNA obt ai ned by reverse transcription will invariably contain codons
D

The general approach of the invention involves:
the combination in a single cloning vehicle of plural
gene fragments which in combination code for expresSion?

15 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 ¢DNA provides a-
snbstantial porticn; and preferably at least a majority,

20 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 provxde ample quantities for use in the later
combination step. ' : : :

25 - - a variety of considerations influence distribution
of codons for the- end product as between synthetic and
CDNA; most particularly the DNA sequence of complementary
DNA determined as by the method of Maxam. and Gilbert,
Proc. Nat'l Acad. Sci. USA" 14, 560 (1977).  Complementary

30 DNA obtained by“reverse'transcription will invariably
contain codons for at least a carboxy terminal portion _
of the'desiredVProductG-as.well.aswothericcdcns for :
untranslated mRNA downstream from the translation stop

. signal(s)nadjacentvthe'carboxy terminus. The presence

35 of DNA for cntranslated RNA is largely_irreieyant,




The invention may neverthel ess 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 am no term.nus of
the desired polypeptide as to obviate the need for extensive synthesis of
the\gvpe conponent 35 not derived from M3 Thus, in any cDNA coding for
the desired pol yReR! E’euﬁ%Py' Ry Sblflendidd WE LY e the
boundary between the latter' s codonS, and E&ﬁ-lo- t hose o?é ﬁﬂna ‘%E

pal ypept i de A emo¥gskar ass &Ytﬁéséfrﬁ petdon) erzymacslsavage mat@r 603535‘73
pol ypepti de. dde) dy rSrWoLzl§8 S empll by dd L ePEpE 8kl ng’ ' and Ne PR Fing !

choi ce, [ enovi ng t he unwant ed | eader of her sequence

restri'ction site mithin the growh hornnne-enéoding portion of the gene. P
<E;

exanpl e, gi véiR@DRNAEarathecdntend eﬁera,r@mcéndp@mtpaftvc\gégm sases;
ndi cat edsby @6 ORDNEGUNIN EQANA1 ANG densSRAHCLAT Sk £PE A TR ORY
chosen to renpve the per sequences a" and er ea ter S nucl ease

di gesti on wi |sequem i éaﬁiy:eé' @3 nvedde ameextmnegmmnswme@.

Al ternati vel eb% ey estl '
I n $he prese%%aeagf %{e%x%ﬁ'gféeo%hfe tri gﬁ?ﬁnﬂhgeml? @q,gdi'regﬁﬂ ¢Q us
in the foreg®%3nddep cnapwn 3d yRetasaliln pﬁé:p?e@mée)fhe@mms are |
remove 15 Se&#?%@ss‘éd(ibﬁ tldPudlgo £ %ﬁFgﬂvﬁ FWEI:%‘SfeV&dder Vﬁ |
T en st p at-

'a‘“ DNA pol ynmefase 1 n the preésence of d renove
"T")-andlQ rRequences| PE proteinsdnvelvedd eedon. ixseugnamgm oA the

Kor nber g, é?ﬂh@%&smemﬁtéﬁess Iﬂléipfeﬁffﬁﬁ ?Q@ﬂJEukéﬁfogﬁc.cells,

Franci sco (1974
these sequences are enzymatically :emoved, such that the

hormone enters the pe:iplasmic space in its free, bio-

active form. However, microbial cells cannot be relied.

15 upoa to perform that function, and it is accordzngly.

desirable to remove sequences coding for such signals or

leader sequences from the_mRNA_trensc:ipt. 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 qﬁasi—synthetic gene p#dduct

of the invention returns these latter codons, as well as

supplying anew a translation start signalfwhe:e'the

vehicle into which the hybrid gene will ultimately be

25 deployed itself lacks a;properly positioned start.

o Elimination of the leader sequence from pregrowth
e “hormone cDNA is advantaged by the availability of a

B restriction 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

terminus 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 polypeptzde and a leader or other bxoznactzvatzng

sequence the boundary between ‘the latter's codons and



using prinmers containing the ms

" rest
GATC

r8st

whi ch. synthesis will replace codons required for expres- sion of the

conpl et e pol ypeptide: E.g.,: {[err]y 10 t-will be appreciated, of course,

t hat 1 onger restric- tion. Slgtﬁ ﬂjy bea'lkemnse i nserted where desired,
successi ve repa|r§ may 4-babe paif restric- tion sites wher e

only two bases common to 't he TTAMGEEETFATEGT he. desired point,
ications wi.ll -appear in which it is desirabl eete.express not only the

t hat

Appl

am no aci d sequence of the

extraneous but specifi&dlly
- be nentioned by way of exanplu; .
represent a hapten or other i mmuno- Iog|caI

e preferably,

poduct ,

Phas orfet t exampdeya@iven | cONAesachNagor .t he unwant ed | eader,
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det ermi nant upon whi ch
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20

reaction conditioas for exonuclease digestion may be
chosen to remove the upper sequences *a" and "b",

fwhereafter s1 nuclease digestion will automatically

eliminate the lower sequences ‘"c" and "d". Alternatively
and more precisely, one may employ DNA polymerase
digestion in the presence of deoxynucleotide triphos-
phates {"a(a,?7,C,G)TEP"). Thus, in the foregoing example,
DNA polymerase in the presence of d4GTP will remove
sequence Pcf ‘(then stop: at "G"), S1. nuclease will
then digest "a"; bNA-polymerase in the presence of 4TTP
will remove "d", (then stop at "P") and S1 nuclease will

‘then éxcise "b", and so on. See'generally A. Kornberg,

DNA Synthesis,: PP. 87~ BB, W. B. Freeman and Co., San

Francisco (1974).

- More’ preferably, one may simply construct a restric-
tion site at a convenient point.within.the portion of

"the ¢DNA coding'fcr“theﬂdesired 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).

'By this technigque one or more ‘bases may be substituted
"in ‘an existing DNa sequence,;using'primers containing

‘30

the mismatched substituent. At least seven palindromic
4-base pair sequences are uniguely recognized by known

- restriction enzymes, i.e., AGCT (Alu I), CCGG (Epa II),

one nmay sinply construct a restric-"tion site at a |,
opvenient point within the portion of the cDNA codlng for the desired.
by an applica- tion of the m smatch repair synthesis technique of
A 25 Ra2|n et al, Proc. Natl Acad. Sci. USA 75, 4268.(1978). By this
techni que one or nore bases may, ﬁﬁ substituted in an existiing DNA sequence,
Tched substituent. At |east seven - -

pal |sum o f s marhre spalgpeptide mnt@yeaecmamzeﬂeby known '30

A8 AR e fee ALt AR Hrlenr RO LEBEP AR - ) RamRAL | ne

t he cDNA
sequsrimtp]:ynﬂdqssa dentdeligénei mpding oot suthespeptiider of ngl e base,

oncHs Faka  dnoR ML Ke' Wifuine bDT daap dE g enRe nebiid, [0 O

. etc.

ngln ered rotein. Four such applications nay:-"
he-quasi- 20 synthetic gene may



that vaccines are produced.‘ See generally, G B. patent -12-

specifi-cation 2 008 123A. Again, it nay. be desirable for biosafety reasons

to express the intended product as a conjugate other, bio-inactivating
protein so deS|gned as to permt extracellular cleavage to yield the .active
5 form Third, applications will be presented in which transport signal
pol ypept i des wi II precede the desired produkt, to pernit production of the
same by excret¢GOGt (Thag!T ¥ heRPE | ( SaabBans,, GOGE ofighal,t 68CT dide DL i de
can then be cl eaved. Finally, extraneous conjugate 10 designed to permdt
specific cl eavaagé éB(@Gace( Eul@r‘ Iy) may Wieeelqaltiyed cDNAoseguenceal¢ontains

| ntended produpt § l Pelycdl %y BYSFERHIP! £l I5ARAUAUILAN SV &7 9H°%Fingle
endogenous to Cro |aI east er ree )
appl i cati ons, baﬁesyashematiﬁhmcallwbwanhighbzpnéyedyusrepacnnpwnmmesms

For. ani no i o sequdreeta AR TLeakR s @ﬂﬁﬁsiﬁﬁg*ﬂﬁfﬁéﬁﬁé%ct R

For exanple, ttypsith base camadvdxepc@ftha |§degined argskrigeion, sdite.
See BB 20 2 SKAr r n hat

I-t S« br oadest aspec%t e Hﬁ,\}gjh“g%%@aé Ps o%m oI Eim\%A’#%%-fFlsgﬁtg afﬁer
havi ng in comﬂithes&yﬁtth&&iﬁenill- repidcet codonsi meqweeqil Epad eMp#s—

25 d I d
animo aci o seqiioreOhu iy, et e Poltpt e T o Ph ine &

d| fferent polypeptide either smaller or larger than. the intended product;
pr.ot ei n- encodi ng codons ééﬁoﬂ@ ngam d sequences other -

than those cont él.l..n.e.d_ll@até?r —r—desired product——-l

|  cDNA
}* CAGG _ S
mismatch repair synthesis
) C GG : l *i
| B Hpall
- gynthetic "a" { .
: o quasi-
: synthetic
= 1! DNA

codons for desired
product -

10 It will be appreciated, of-course, that longer restric-
tion sites may be likewise inserted where desired, or
that successive repairs may create 4-base pair restric-

-Q' . tion sites where only two bases common to the szte

- appear at the desired point, etc.

15 Applications will appear in which it is desirable

to express not only the amino acid seguence of the
intended product, but also a measure of extraneous but

- - specifically engineered protein. Four such applications

may. be mentioned by way of example. First, the gquasi-
20 synthetic gene may represent a hapten or other immuno-
"logical determinant upon which immunogenicity is

conferred by conjugation to additional protein, such

that vaccines are produced. See generally, G.B. patent



ngnent (s) coding for the renai nder of the: desired 35 sequence; and -
the nRNA transcript and synthetic fragnent(s) are conbined and di'sposed
A a -13-. pronoter containing cloning vehicle for repli- cation and
expression of either the mtend-elﬁ-product absent extraneous conj ugat ed

pr ot t dapr, c Jug < f cally :
cl eagg[)élu?ﬁ'g%t ra eodlidsjélpig'([\s%n ufsgl* t@gyeéﬁr edsgs%ﬁa'b}gduct wi | I\/
in efory lmaesmwtmnseams e mnesschhecddmndaed bgroﬂecu:r ass|ation

hi b

b T HTb gk | PERRTr BiotThale STANIAR Bote Noap ReRlBRRE |1\ o (0 O°

the alst nmupeprnﬁdt.;ex&mei&lulgannalewage ta tyield thepactiives a |me2| hod
t t t

b, VBB SAMILED wpodYehl iditsPLad L han st eaRtUa PLAL BHITE | 0°) L N0

exprsgamgrtmmnad.n wlypant ideisormbhis meﬁmethsuéss@x@ds havi ng.
medi 53l APPLT, Cald 5 chik Wﬁ@ ng?fereh@ @aﬁ%: nggbtﬁrdh

pol .y ept | de, “pancr at I C po nocorticotro et a- endor phi ns,

. nte g hutdhe naedl mm&;mmtmg opg aftthe signalnpepsidenin.
faerf]r eh SHLad - e vield Ust rﬁﬂxngf, tmtt%vmsaen dcﬁnfﬁnghé& scussed, .

quasl - synt heti| c. gene codi ng human ne 1 s
bansfiuelﬁ:imedmmeaemétmm&q: yCJespwesse@xf(meblntx&gé;y@m@xal culated ,

by %wm&%%(ge@”ibr E%W%E&Piﬁés'iﬂ%e‘?{déﬁ Proaage¥ebirled S or Human
wise susceptible to deg:adation by pzoteases endogenous :
to the microbial host. At least in the latter three
epéliéations;'the sYnthetic adaptor. ﬁolecular employed
15 to complete the coding sequence of the mRNA t:anscript
can additionally incorpo:ate codons for amino aciad
sequences specifically cleavable, as by enzymatic
action. For example, trypsin will '
-_cleave speczfically at arg-arg or lys-lys, etc. See'GBf
20 2 008 123A, supra. . o
’ " Prom the foregoing, it will be seen that in its
_broadest aspect the inventzon admits of manifold applica-
'tions, each having. in common these attributes:
== a mRNA transc:ipt is employed which
25 = codes for a substantial portion of the intended
polypeptide's amino acid seguence but which,.
if expressed alone, would produce a different
”*'901ypeptiae“either smaller or larger than.the
- intended product; ' - - .
300 pzotein-encoding codons for amino acid
' sequences other than those contained in the
" ‘intended product, if any, are removed;
.~ == organic synthesis yields fragment(s)
coding for'the'rehainder,pf'the;desirea
35 = sequence; and- . -
'  =<. the mRNA t:anscript and synthetzc
f:agment(s) are combined and disposed in a

ended product, if any, are renoved; -- orgam c synt he5| s yields




Pol'yadenyl at'ed nRNA for human growth horm)ne (EGH) 30 was prepared from _
pituitary growth hornone- produci ng tumord3 By the procedure of A Ulrich et {3

ol : Seience 196, InbA) chiftdfhthg e&oggfge evéh%ég‘i (¢ yephE ves

prepared from5 RNA essent | scri s et al.
J. 8o} Chem 253 qassqmgaeﬁ %éﬁﬁ%@ntﬁ' &iRh ywbeasient«néﬁéw

];ng{r??ht edHf orKI C 0 g/:?ncar a;u%tﬁé % seconcgfénlj%g%:é&%%ey S .Th .

-14- restriction fEtdntendede 9@@%@# coad ugated tesdutc-SpeGhfirt eslar.e
t the 3' d h d
present ig the |9_|'1CP9' r@l@%ﬂﬁ a% f'ﬂ%ﬁx %%g?nﬁtaeufg ?r%g m no

aci.ds 23 and 24 of hown 1 n with 5
Hat 111 give®f. m:smﬁh%fe&re@@@pamyégst)W%bauragnfewem néase

aci ds 24- 191%&& a ,
el :actrophorese on an 8?/0 oI yacryc am gglg%%% ? g bggleginé }f@@sibhon
eluted. AppShanst a@saagg (ckncbhe v@éssbt%f ndg&G .1of-me thbppine} epaﬁ)@@
a n F. Bol 0RinN
thl cle for It“:h £ ctB%g'? haslﬁeeneﬁ cﬁ%@?g??zﬁe?%)hﬁ Géut@gl |
Col d Sprifg mt eay®a 4ghe7cbi(qe¢g)mistx @f t Ebeppltaimatat pngduct.

plasmd whi cly 5@%}& go Iﬂha]fif Qogicillin andtetracycllne resi stance
owinig to its I nclusion Of e cor respondi ng genes ("ApR' and "TcR',

respectively, in FAlthapghadt previdest & methedqaf: gememJesappbicghél-
O eavage prodiys il Pﬁt&% BESHRERaTLE, e d2pt HPORRLAE, gt uathe
tailing nethahbiboda GSAN emzvmes. the invention is -

15 - particulatly suited to the expression of mammalzan-
polypeptide hormones and other substances having medical
applications, e.g., glucagon, gaetrointestinal inhibitory
polypeptide, pancreatic polypeptide, adrenocorticotropin,
beta-endorphins, interferon, urokinase, blood clotting

20 factors and humah ‘albumin. . . o A,p:eferred embodi-
ment illustrative of the invention is next discussed, in
which a quasi-synthetic gene coding for human growth
hormone is constructed, cibned'and microbially expressed.
(Percentages are calculated by weight!

25 Construction and Expression of a c10ning Vehicle for

: Human Growth Hormone :

1. Cloning the Hae III fragment of

_ the mRNA transcript (Pigs. 3 and 4) -
o | Polyadenylated mRNA for human growth hormone (HGH)
: 30 was prepared from pituitary growth hormone-prcducing
tumors by the procedure of A. Ullrich et al. Science
196, 1313 '(1977) 1.5 sag of double strand ("ds") cDNA was
prepared 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

1. doning the Hae 111 fragment- of the nRNA transcript (Figs. 3 and 4) C
2
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Nature 275 617 (1978) coul d accordingly be enpl oyed to corr,bihe t he

the nRNA transcript, 25 inserting the cDNA fragment into the

nt-ended products of Pst | cleavage of pBR322 and of Rae Il -digestion

Pst |

e- of pBR322 in such manner as to restore the Hae Il restric- tion-
es (GXCO) on the cDNA while restoring the Pst | restriction sites

GCA4AG) at each end of the in¥det. Thus,.termni nal deoxynucleoti
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* a multicopy: replicating pl asmid which exhibits both.
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25

ampiciliin and tetracycline re'sistanc'e owing to its

inclusion of the. corresponding genes (" ApR" and

“pcR", respectively, in Fig. 4), and which contains_

recognition sites for the restriction enzymes Pst I,
EcoRI and Hind III as shown in the Figure.. '

Cleavage products of both Hae III and Pst I are"

blunt ended. The GC tailing method of Chang. A. C.Y. et .

al. Nature 275 617 (1878) could accordingly be employed
to combine the’ blunt-ended products of Pst I cleavage of
PBR322 and of Eae III digestion of the mRNA transcript,_
inserting the cDNA fragment into the Pst I site of

pBR322 in such manner as to restore the aae III restric-.

tion sites (GGICC)-on. the cDNA while. restoring the Pst I

restriction sites (CTGCA&G) at each ‘end of the insert.

30

35

- Thus, terminal deoxynucleotidyl transferase (T4T)
was used to add approximately 20 ac residues per 3'
terminus as described. previously, Chang, A.Y. Cev supra.'
60 ng of Pst I-treated PBR322 was tailed similarly with
about 10 4G res:.dues per 3" terminus. _ Annealing of the

dC-tailed.ds. cDNA with the dG-tailed vector DNA was

.performed in 130 ul .0f 10mM Tris-aCl (pE 7. 5), 100 mM
‘NaCl, 0.25 oM. EDIA. The mixture was heated to 70°C,

 allowed to cool slowly to 37°C (12 hours), then to 20°C

-

g -



and gromﬁh It requires thyn1ne or- thym di ne and undergoes thym nel ess
death with degradat i on of DNA when 20 thym ne and thym di ne are absent
fromthe environment but when sufficient nutrients are present to sustain

met abolic activity. x1776 is extrenely sensitive to bile and thus is unable

to survive . and thus is unable to survivngassage t hrough the intestinal
tr&c\g/of rats. 25 x1776 is extrenely sensitive.to detergents, antibiotics,
drugs”and chéré chpirsiiefiarending vsed ko Snaosform

f Uyt dd f d
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nedia to perlig;ﬁi f ti%] akhn and to precludetransformatlon of
cont am nant s r| ng transﬁo(rinat 8675 X1776 grows with a generation tine

of about 50 min. iB.ecidki (Kbd@ hs@r?bnas!shy'kﬁohhs\h@hsupﬁem:)eeﬂ“

dencr 1 s of 555253-,,-?@%,%‘-’34 iy BERELE K4 OPELLo0YPR), £ nina2

agi tation byZfBr2i palhdSsiensnd LAYASIY MetSESromsyd i429dbioR~gisd] |

ot i “EPRRE £y "HAaEs 160 ng Bl ol A o

Reconbi nant Madional7, Issd:itaruhsoowerﬁera,lbhsaSA@nleEKd Fhess vectcf: :

(N. Y. 1977). % t:6=§|t1as been deposited in the Anerican Type Culture
Col ] ection ( 1979: ATCC accession no. 31537, without restriction. .

2. Orwtrmnlonexﬁ?ﬂ&rhag<intob1$gahetmnqui:ement for diaminopi-_

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 death with degradation of DNA when

200 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 ‘%1776 is extremely sensitive to detergents,_antibiotics,

T drugs and chemicals. 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, ¢oli. x1776 is

30 resistant to many transducing phages and is conjugation
deficient for inheritance of many different types of
conjugative plasmids due’ to the presence of various
mutations. x1776 is resistant to nalidixic acid,

- cycloserine and.trimethop:im.:-Thése drugs.can therefore
35 be added to media to permit monitoring of the strain and

to preclude transformation of contamxnants during -

transformatzon.



ne Fragnent (Figs. 1 and 2) 15 The strategy for construction of the

1 quasi - synthetic gene included construction of a synthetic fragment
rising a blunt-end restriction cleavage site adjacent the point at

{ch the fragnent woul d-be joined to the nRNA transcrlpt Thus, as shown

in Fig. 20 1, the synthetic gene for the first 24 amino acids of HGH

contained a Rae Il cleavage s+l@&=followi ng.ani no acid 23. The distal end :
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melve d| i'gonuc en¥ in sizefrom.undecaner to
hexar@aﬁorrthvefetswtpemlpdj of i ménov mapabm sgspend#t hod of

nucl eo‘ﬁ'aes ra] I}?{ bfnﬁdpfsgoo[ err ;%1€f§§ (191:?%1'1;% | cat e Ol ! go: 17-

by a&ebasi.laoqmcf-‘gmirm 6 LREPPE2L hiBudh UF'éF;t]l%.nﬂtL Bdred through L6
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P f ] {énan §1, w1thout restriction. . -

¢ 1973: A CC access
2. Constructlon and Cloning of the 8ynthetic
Gené - Fragment (Figs. 1-and 2) S .

15 " The strategy for construction .of the HGH quasi-
synthetic gene included construction of a synthetic
fragment comprising a blunt-end restriction cleavage
site adjacent the point at which the fragment would be
jolned to the mRNA transcript. Thus, as shown in Fig.

20 1, the synthetic gene for the first 24 amino acids of
HGH contained "a Hae III cleavage site following sminc.
acid 23.. The distal end of the synthetic fragment was
prov1ded with a "linker" that permitted annealing to a
_single strand terminal resultlng from restriction

25 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 duplei' q
fragment have single st:anded‘cbhesive termini. for the
Eco RY and Hind III restriction endonucleases to facilz-.

30 tate plasmid construction. The methionine codon at
the left end provides a site for initiation of transla-
tion, Twelve different-oligonucleotides, varYingJin

'-sizejfromaundecamer to-hexadecane:,-were_syhthesized.by
.the - improved phosphotriester method of Crea, R,_Eioc.

35 Nat'l. Acad. Sci. USA 75, 5765 (1978). These oligo-

_nucleotides}_ﬂl to Ug and L; to Lg, are_indiceted

2}




10 phosphoryl at ed U[err],.TU[er‘r], L[err] and L[err] were conbined; and 10 ‘
[err]g-of 5'-0H fragnent L[err] was conbined with the phosphoryl at ed O

L[err], Uerr] and Uerr]. These ligations were carried out at 4[err]C fo
6 hours in 300[err]1 of 20 MM Tris-HA (pH 7.5), mM MO [err], 10 mM-
dithiothreitol; 0.5 15 mM ATP usi ng 10Q znlts of T[err] ligase. The .
thrsgh/ll gation mxtures were then combi né 100 units T[err] |igase added,
and e reacbyorylowswed to proceed for: 12-hours at 20[err]C The m xture

was et hanol preci a r 0% pol

The band 20- mgrgltérfhpggt Q&%@gg& gﬁ]gﬁia ? Lﬂ3Jﬂlfré;) % ?8%

pBR322 (I [ er Ligy) weng &t rp@tceapfnotrﬂ:a Rechnuﬂ.mg 1 Mg prmlyargc]teagmdte

i sol at ed by tr si¥2al t tot Py

m xt ure was gge Stsggt r%ﬁs o?ﬁﬁé @?A@% 6)‘gystral gé}% cifAmcF ugfe.

hsr[err], 5hsﬂP@dﬁ§l; D st Vai nQMW%GW&OG

Aneri can 'Typ? i;re Col | ection (ATCC No. 31446), without restriction
IyS| S

Sequence ana y the Maxam and G| bert techni que, supra,-on the Eco. Rl
- Hind Il insert '!hcree S ePn U aiHEHT pf Lldgaseansacaiyized mwativiheds

Eoreoeon oFe P (BUFehrdadirh Ll o, 8le P530I0R 'PE ddifelfe 9, Mia
nRNA t ranscr lcp!mlbni ple@Hsyi & eplheamho;s ph L‘lydoatadn Be 35Lspoand L5 :
(1 agnent pouas QUSRI 64 43I0 12, SFesStan B, PO o 2% SR LB

Fig. 5 exp S on I"as I'ns ta ac pronoter
was first comdtd ud.thdngs dﬁl EdwsOHAfmmm faj r wBed ombimyednwith the

base pai r hebl P3RAZ E a0 B8 Ehd, BT BeR E @a e S
Backman, et ule:ecelalrri,eﬂ o]Bt. a& A°ClEnx. .6 NoarsSinb 300 sehnefit 26amM
Tris-8C1 (pH 7.5), mM MgCly, 10 mM dithiothreitol, 0.5
15 mM ATP using 100 units of T4 ligase. The three
ligation mixtures were then combined, 100 units Ty
ligase added, and the reaction allowed to proceed for 12
hours at 20°C. The mixture was ethanol precxpitated and
electrophoresed on a 10% polyacrylamide gel. The band
20- migrating at 84 base pairs was sliced from the gel and
eluted. PpBR322 (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-, hsmg+). Strain. 294 was deposited October
30, 1978 in the American Type Culture Collection (ATCC
No. 31446), without restriction Sequence analysis by the
Maxam and Gilbert technigue, ‘supra, on the Eco RI - Hind
III insert from a plasmid pHGE3 of one transformant

30 confirmed that depzcted in Pigure 1.

‘ty

'

3. Construction of Plasmid for the.
Bacterial Exgression of HGH (Fig. 5) :
' With the synthetic fragment in pHGH3 and.the mRNA
transcript in pHGH31l, a replicable plasmid containing
35 both ffagments was constructed using the expressiod
plasmid'pGHG, as shown'in.Fig. 5. The expression



nSerted into the Eco Rl zsité_of pBR322 and a clone pGH isolated with the
promoters oriented toward and in proper reading phase with the gene-for _ .
%dt acycline 10 resistance.. The Eco Rl site distal to the latter gene was

egtroyed by partial Eco R digestion, repair of the resulting single
randed Eco Rl ends with DNA pol ynerase | and recircul arization-of the

pl asm-d. by bl unt-end ligation. =IBre resultlng pl asnm d, pGH6, contains a 157

si ng Si ) I er systé-nsf
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I and recircularization of the plasmid by blunt-end
‘ligation. The :esulting.plasmid, pGH6, contains a
15'_single Eco RI site properly positioned with respect to.

the promoter system into which the completed gene for =
' HGH ‘could be inserted., - ' s -
N To" ready the synthetic: fragment’ fgr cembination
Jwith the RNA transc:ipt, 10_mg of PEGH3 was cleaved
20 with Eco RI ‘and Hae III restriction endonucleases and
the 77 base pair fragment containing coding seguences
for BGE amino acids 1-23 was: isolated from an 8% pcly-
acrylamide gel. SR S .
' The pPlasmid pHGH 31 ( ﬁpg) was next cleaved with
-25 Hae III. The_SSl bp HGHE seguence and.a comigrating 540

R

bp Hae III fragment of pBR322 were purified by gel i
electrophoresis. - Subsequent treatment with xm_a I |
cleaved only the HGEH -s__é__guence,_ temoving 39 base pairs %

from the 3' noncoding region. The resulting 512 bp

30 'f.r"agme'n_t was separated from the 540 bp. pBR322 HBae III

piece by electrophoresis on a 6% polyacrylamide gel.

0.3 g of the 77 bp ' Eco RI - Hae III fragment was

polymerized with T4 ligase in a 16 ml reaction vessel for

14 hours ‘at 4°C.  The mixture was heated to 70°.C for 5'

35 to inactivate the ligase, then treated with Eco RI (to

| cléa_ve- ffagmen-t-s which had dimerized through the_i_:,'_gg_

" RI sites) and with §_1|g. I (to cleave }_m_a___I' aimers),



pol yacryl am de gel, approxi.matety 30 ng of this fragnent were obtained. It =
shoul'd be noted that the expression 5 plasnmd pGd6 contains no Xma | b
regognition site. How. ever, Sma | recognizes the sane site as Xma |, but 1y
cuts through the mddle of it, yielding blunt ends. The Sma-cl eaved

termnus of thé fragment derived fromgHG{$d can accordingly be blunt end

i gated info p 0] e expression Iasmd ont ni tan
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Eco R and purgh8edard @clSmactt Hludor esné. itfﬁu @ufhneeetﬂdnrm:

vector, which had one sio - cohesi ve end rxitY nt en at ed to
u

10 15 ng of tPRI:IRCHYLARLERATCFHe QR%%Q¥ RE 9%c& L)
E. boli. X17764ege %eeme.selmteﬁofﬂagbwmoeeat e&naenhme:(ﬂé-’eésion
[err]g/m) lt,is ﬁ%&\% hy thai insertion of the%%'éig enelnto

pGH6 destr &ys RPhasHifoP of SR LB, RY XRA: § 3PS L3Ny Sise p How=
For ot rear ot Soe PRUR, T Se0SRIzed theo nd Bive! g “’t"’“" ey
400 transfor rra?n‘?§swe‘|"§ Sxah %Eg 4 'ﬁgbi'ﬁdl y £ 5@18”& Lﬁ‘ﬁé%‘l

dent 1 T Eé“i%d"“ﬁ;rﬁﬁ‘zﬁé*f“ms e “‘?‘?Sﬁ%"&?iﬁ?%%ﬁ“ﬂ
fromthree of &a%I%ﬁF&‘amgﬁe%{%pﬂBHFesm il 3 igaged JnEoyReES.
¢l eaved wigigh Hae ||’rhé’veﬂﬂ>re’o§1§i% pl adhd PNpGEeyersenth iatng! Yunden
pHGH 07, was d termn Sunman growt h hor none ex ressed by t.he

d.
transf or mant s ?’CR-;‘?%EF&F by¥ai§ e eatndi ARGRASSAT kY Wik Bind

serial diluti 0r§19dnh\¢61€§h§€| Bl%uﬂ@fd"'éﬂé’@tﬁluﬁh p(&leif’f'ééeb Sg'é@" erediro-
kit (Farmacia)._ To de nstrgae t hat- m SI on i $ under the
p 7

control. of t hePPQE &S bfot er30pAE: 46 m&#‘H?BrE "@o‘iq:g fhadj ane
D1210 a [err], EéOl FI I ROHSS Q¥ O \VER BT Qdi@eéne Ml G nd h&seh.igqtéﬁ'ho 10

15 ng of the 591 bp HGE DNA. The ligation mixture was
used to transform E, éoli. X177s. Colonies we:e selected
for growth on tet:acycline (12.5 pog/ml). It is note—
we:thy that insertion of the hybrid HGH gene into pGHS
dest:oys the promoter for the tet:acycline resistance

20 gene, but that the tandem lac promote: permits read-
thzough of the structural gene for tet resistance,
retaining this selection_cha:acte:istic. Approximately
400 transformants were obtained. Filter hybridiza:ion
by the Grunstein - Hogness procedure, Proc., Nat'l. Acad.

25 Sci. USA, 72, 3961 (1975) identified 12 colonies contain-

- ing HGH sequences. The plasmids isolated from three of
these colonies gave the expected :est:iction patterns
when cleaved with Bae III, Pvu II, and Pst I.__The DNA
sequence of one‘clone,.pﬂGHlb?, was determined, _

30 . Human growth hormone expressed by the traneformants
was easily detected by direct :edioimmunoassay perfo:mea
on serial dilutions od lysed cell supernetants using the
Phadebas BGH PRIST kit (Parmacie). -

. " To demonstrate that EGHE expression is under the

35 control of the lac promoter, PpGHG 107_was_;;aesfo#med.
into E. ¢0li strain D1210 a lac+(iQ0+zty+), a lac
‘repressor overproducer. Meaningful levels of HGH




. =20- expression could not be detected until addition”of the i-nducer |PTG
(i sopropyl thiogal act osi de). Renoval of the Eco R site in pGH107 woul d
shve the ATG start signal the sane distance fromthe ribosome 5 binding
s¥te codons of the lac pronoter as occurs in nature between those codons:
and the start signal for [err]-gal actosi dease. To determ ne whether :
expr essi on-woul d be increased=Bg=nimni cking. thirs natyral spacing we cen- ™
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byiﬁduneenﬂPEngasopropwlhhtogalgaunsidé)hough the resulting plasmd

proved | c ssi p ngl d soto a
. lesser: 3?@% f]hag%;tﬂ eegggpéf §f’% F@mﬁéoafg?rygﬁﬂf%d?oe?é#ﬁnoassay I t
- wi ItheeADasbart csrgmale thel seme distange f.nam the pgrikasame nvention is.
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ere e her pronoter systens appltca e present
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al a) o o 4 §€ < réalvnec&' cﬁfi'@ﬁlﬂsm a%éahlﬂfg PERSP Y A€ rORw £ €K Pt ophan

ronnter Sy r anl sns cterial expression may be chosen,

. Bsof Bd-’m a@iﬁgﬁﬁﬁnﬁnt@%bES%%é agle gsrandsiendsWHBherichia |
CO'slaeﬁa%ﬁae&@A@e,Beﬁd'aeeagcuamfen $O0byBBSunltierdibtidds; S

Pneunococcus; - Strept ococcus | Us |nfluenzae . O~ course, the

' du#éé&ﬁwé&ﬁmféml49¢séomr%#tbﬁ99¥v§P§(feﬁﬁ}ﬁiﬂﬁ PdasBifent in
dfﬁ&BQéd“hfk@%¥§é0&dpEﬁléh@£Cbﬂpr@é%&héeﬂehq it surpris-<

ingly did so to a lesser extent ‘than did pGHlo7, 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 ¢laims. Variations other

20 than_those hitherto discussed will be apparent, whether

in the choice offprbmoter'éyStem; parental plasmid,
intended polypeptide'product or elsewhere. For example,
other promoter systems applicable to the present in=-
ivention include the ‘lambda promoter, the arabinose

~ 25 operon (phi 80 d ara) or the colicine El, galactose,

' alkaline phosphatase or’ tryptophan promoter systems. - P
_Host organisms for bacterial expression may be chosen, '
e, g., from ‘among the Enterobaoteriaceae, such as strains

of_Escherichia_coli and Salmonella- Bacillaceae,.such as

30 Bacillus subtilis; Pneumococcus; Streptococcus; and

Haemophilus influenzae. Of course, the;ohoioe,of

'organism'will”oontrol the levels of physical ¢ontainment

'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 of the

| present invention, E. ¢oli. x1776 could prove;of limited




conply wi-th National Institutes of Health Quidelines.for 35 Reconbinant
DNA, 43 Fed: Reg. 60,080 (1978).. Wiile preferred for bench-scale practice
of the present invention, E. coli. x1776 could prove of linmted -21-
practicality in large-scale industrial manufacture owing. to the
debilltatlons purposefully incorporated in it for biosafety reasons. Wth
ropriate levels of physical, rather tbhefubiological, containment such
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coli X11’ stra## ook S; e iy 8ey iﬂ%% gmgg-
prgduced accogdi,ngILo M2 Isweot I(q.rssrsy mewlsmmdzl)nb sttrmé &QG&E E,
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transformant £xped iménltg!r £a mbeuqrﬁmseﬁ:wiaeuewelaesp@mg aasi-seh.—,
or other fer atl on viss onyen- \ .
New Yor, 1972). A culture of E. coli. RRl 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
PHGH107 (ATCC No. 40011); plasmid pGH6 (ATCC No, 40012);
20 strain x1776 transformed with pEGE 107 (ATCC No. 31538)
and E. coli K12 strain- ‘294 transformed with pGH6 (ATCC
No., 31539). - ; . .
Organisms produced according to the invent;on may
be employed in industrial scale fermentative production
'« . 25 of human growth hormone, yielding product in quantities
' and for applications hithezto unattainable. Po:_eiample.
transformant E. - coli cultures may be grown up in aqueous
media in a steel or other fermentation vessel conven-
_ tionaily aerated and agitated, in aqueous media at,
30 e.g., about 37°C and near neutral pE (e.g., PE 7% 0.3
suppliedjyi:h_app:opriste nutriments such as carbo-
hydrate or'glyce:cl, nitrogen sources such as ammonium
sulfate, potassium sources such as potassium phosphate,
trace elements and magnes;mn sulfate. '
'35 Transformant organisms preferably exhibit one or more
selection characteristics, such as antibiotic resistance,
so that selection pressures may be imposed to discourage

-



~onal | y aerated and agitated, in aqueous nedia at, 30 “.e.g., about _
& err] C and near neut r al pH (e.g., pH 7[err] 0.3 suppli‘ed with appropriate .
,h‘trlnents such as carbo- hydrate or glycerol, nitrogen sources such ‘as

apfioni um sul fate, potassium sources such as potassium phosphate, trace
‘€l enments and magnesi um sul fate. 35 Transfornmant -organi sns preferably
exhibit one or nore selection characteristics,” such as antibiotic

resi stance,. so that sel ection @&ssures «my be |rrposed to di scourage ' \J”A
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pension is centrifuged-or | ar so ot herw se
colmedienh f tomsidice clr cnmtawd.ltheh}lP?soagm#ﬂml whlchr lagkithe neans.

Cel - 10 t ant d | ubl wt h' -
snor%%ggtgg'%% Sc(ﬁiﬁésgg ?’;IQ; mHalrJrg(ralrgrovw hnﬁofﬂongnmaflobg pﬁrlg; ?ed from
bact eri alpaa raonsphstd@mneforfeermenmatte&qmntbﬁ baytesiad lBUS=enei i ne

t ¢ h s8200; (3

| oSRbNYA OTs, (HniR 1 ERBLEIS LT SEI AP %%??"??%s"“%adex O

' annooﬂ.drecstueﬂha&mmar\:d!e)r bp‘leﬁh.asnﬂorﬂahem 1ysed(by phyisiiaal c®¥ omat ogr aphy

USI nﬁ&@&né#??}zﬁéafgﬁ qd% g}%@tg alnd@_%léetg%r’ églf?r??ejr aéc)é;% or sli ghtly N
1menaammg andﬁsobnble( mmauehomgme "iwgphated| andhpuribiedx" are Trade .

cl ot s SR SO R, HbiPne SHaYORE %fﬁfféﬁ?ﬁéﬁ‘iﬁc‘?@fﬁé%iﬁfea“f’n a
nm ceskizdctsgas ing «ine or a combination of (1) polyethyl-
eneimine fractionation; (2) gel- £iltration chromatography
on Sephacryl §-200;-(3) ion exchange chromatography on
15 Bic-rex-70 resin or CM Sephadex; (4)-ammonium sulphate
and/or pH fractionation; and (5) affinity chromatography
using antibody resins prepared from anti-HGH IgG isolated
from immunosensitized animals or hybridomas; and desorbed
under acid or slightly denaturing. coaditions.:(“Sephaaex",

20 "Sephacryl“ and "Bio~rex" are Trade Marks.)

Parent’ Appllcatlon No. 8021860 (GB~A=-2, 055 382-&)
describes and claims a method of constructing a repllcable-
cloning vehicle capable, in a microbial organism, of
expressing a particular polypeptide of known amino acid .

25 'seqpence wherein a gene;coding_for the'polypeptide is
inserted into a_cloning'vehicle,andfplaceo.under the
control of an expression promoter, which comprises
a) obtaining by reverse transcription from messenger
RNA a first gene fragment for an expres51on product other
30  than said polypeptlde, whlch fragment ccmprlses at least
a portion of the codlng sequence for sa1d polypept1de~
| b) where the flrst fragment comprlses proteln—
:yencodlng codons for amlno ac1d sequences other than _
"those contazned 1n said polypeptlde, ‘eliminating the same z
35 while retalnlng at least a portlon of said codlng sequence.
- | the resultlng fragment nevertheless coding for an expre551on
product other than sald polypeptlde-“ -




expressing a particul ar polypeptlde of . known am no acid 25 sequence wherein
a gene codi-ng for the pol ypeptide is inserted into a cloning vehicle and

pl aced under the control of an expression pronoter, which conprises a)

obtai ning by reverse transcription fronlneigin er RNA a first gene fragnent
for-an expression product other 30 t han pol ypeptide, which fragnment
conﬁrLses at least a portion of the coding sequence for said pol ypept i de;

b) where the first fragment conprises protein- encodi ng codons for anino
aci d sequence§h)€h@r oldanc thesk sctr.r&pu (ad iorsaiwheoeymequdeedli sitepi fd)

the rosul t1ng i Sashnt ro ASHfe R WREhat ) X Chpa Ca 83" A8 BBY CHRG R

t han said pol ysds i slequence X8 satide polypeptddestep (a) or, where
required, step (b) being a fragnent encoding | ess than all of t he am no
aci d sequence of sald pol ypepti de; c) providing by organic synthesis one
or ‘nore 5 gene @) agmgzéaagdmgomm egist preaFth&QAXS d

sequence of said qul % t§t eh&aamgj;ecné ﬁtﬁﬁ&éﬁmﬁt theOEnihd Wcide

am no-termnal portio nd qéuf gs ying the synthetic

gene fragnent(s) SEIERCe °fs§é15d(EP e nr3biute ° ﬂg (b),

as the case may tf%a%ﬁé.ﬁtée@b&iﬁ 8 ot @meﬁm&tmanomﬁ:ﬁzmlm phase
e

relative to one a r, and er the control of an expression pronoter;
whefeby areplic mm%g%gﬁrcl 8pabl e of expressing 15 the anino
aci d sequence of saidl pol @phoyiag thieor étic@enenfnagﬁmdsnhadf

hont Leatign Mo, S0 | TR Eun rbah i SR DTR) BE ) Tad e
case may be, in a repllcable clonlng vehicle in proper
reading phase relative to cne another and under the
control of an éxpression promoter: :

whereby a replicable cloning vehicle capable of expreséing
15 the amino acid sequence of said polypeptide is formed.
Our Companion Divisional Application No. 8234691
(Patent No.2424,04~F ) describes and claims an expression
plasmzd ccmpr151ng functional genes for ampicillin and
_tetracyclzne resistance and, lying between said genes, a
20 randem lac promoter system oriented to promote expression
in the direction of the gene for tetracycline reSistanCe}
plural restriction sites being positioned downstream from
said promoter system which yield, respectively, coheszve
N and blunt ends upon cleavage, permitting proper insertion
*  © 25 of heterologous DNA between said sites so as,to'came under
' the control of said promoter system. |

o

;



e Y

racycllne re5|stance and | yi ng b;\\§\~‘;£ra\§§ﬁes-a randem [ ac

not er “system ori ented to pr onot e e?< gj’lfﬂ” di rectlon of “the gene
j- tetracycline resistance, plural rest M‘lpj&bel ng positioned
downst ream from sai d pronoter system which yler srespectively, cohesive

and bl unt ends upon cl eavage23pernitting proper ‘insertion 25 of .

het er ol ogous DNA between said sites so as t-0 cone under the contrfol of sai d™;
pronot@tagmgeem -23- Caims: 1. * A-replicable bacterial plasmid
capabl e, in a transforpmant bacteriunm of ex reSS|n hupan growt h har none
unaccohpani edAbyepiirardeubachenigh KL cAP3dIe, #pfasni d accor di ng

toclaim1l mhose hugg %rqmﬂh ho nDne encpdl ene co ises-in:
subst aF¥RRFLRFEABE- PACERT XRAFIVNT r EHP A pl asmid

b O ebRe iR L B e ?gﬁ%rﬁmeo cléa+r§4=&8%ia ?P$§eé§n?£,e"$2§t
Dot 8 oYL & Bk o' SRRl G d SR T Sndae BnBhOGRLALACCOT ! 10 1O
under ﬁ@&gﬁ%h@%ﬁk?@g@%@ '&aﬁyﬂgs 15 s¥bstant 181 PhASEbE ~PEGHIO07. 7.

The plasm asmdaccording to claim1l capable, in

transfgiaﬁnépﬁgcagrhp&g@ym@gtﬂaxngﬁégbogﬁ expreSS|ng the amno acid id
"sequence successively depicted in Figures 1.and 3. 9. A viable culture .
of bacgerial Arplabmidnactcrdinig foglaiasnd dsr acLaisli @gwhachny one of &

claims 1 to 8. 10. A net hod of -produci ng hunman growt h hor none which -
exhibits resistance to at least one ant1blot1c._ :

4. A plasm;d according to claim 3 which lacks the
tet promoter yet exhibzts tetracycllne resistance.

m5. A plasmld accordlng to any one of clalms 1l to 4
in which the human - growth hormone-encodzng gene zs

under the control of tandem lac promoters.

'6. The plasm;d pHGHlO?. o S
7.  The plasmld pHGHlO7-1.a'
8. : A plasm;d accordlng to claim 1 capable, in

transformant Escherzchla coli bacter;a, of expressing

the am;no acid sequence success;vely dep;eted in Figures

1and 3. | |

9. A viable culture of bacterial transformants — ¢

comprising plasmids aCCofding'to any.one'of claims 1 to

8.

10. A method of.producihg human growth hozmene which

comprises: o
(a) disposing a oulﬁure according to_claim 9,

within a.fermenter vessel comprising aeration and

agitation means.in.an aqueous, nutriment-containing

fermentation broth:



conprises: (a) -dissposing a.cul ture according to crai ; rn a fermenter
vessel .conprising aeration and agitation nea | :
nutriment-containing fernentation broth: (r)m,'mmumlﬂmm"&ecul ture
under aeration and agitation while supplying &ddition S ents as
required to maintain vigorous growh. (c) separating the resulting cellular
mass fromthe fernentation broth; (d) _lLysing the cells to free the contents
t heredf: (e) separating cellular debr?§~rron1supernatant; and (f) isolating

and purifying human growt h hornone contained in-the supernatant. 11. A
met hod according to claim 10, wherein the bacteria are transformant

pressurs't < app o o (LCoFSEASCHELERRT R M RSB i
t he i‘eat LII’ es spe%éﬁ%%g?ﬁwgﬁﬁs@gp#gyghgr 5??1‘&’%?8 = -%ﬁén%?%cﬁségcl ai ned

in claim 10 or AdrsiPsdaphimbineasnnoigbrBakogediansribed.

{c) separating the resulting cellular mass from

e

the fermentation broth: ’
-'ﬁ' ' (@) iysing fhe cells to free the contents
thereqf: |
{e) separating cellular debris from supernatant:
and
- (£) isclating and purifying human growth hormbne
contained in the supernatant. ' |
13. A method according to claim 10, wherein the
bacteria are transformant Escﬁerichi coli having a
selection characteristic and wherein seleqtion pressure
is applied to discourage cdmpetitioh by wild;type |
Escherichia coli.
12. .. A'plasmid as claimed in claim 1 which includes
two or more of'the features specified in claims 2 to 5
"§ | : or 1l.
S T 13. A method as claimed in claims 10 or 11

substantially as hereinbefore described.



