GEﬁa{IC Expression The DNA (depxyribonucleic acid) of which genes are nade -

ses both protein-encoding or structural 5 genes ‘and co

rredi ate the expression of their information through pro{ﬁéﬁxﬂézgjj; tes’
for RNA pol ynerase binding, informatiqn for ribosomal binding sites, etc.
Encoded protein is "expressed" fromits corresponding DNA by a nultistep
progess within 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
I nto messenger ribonucleic acid (nRNA) 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, nost commonly ATG (which is
translated "f-methionine"). 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 adenosi ne, thym - dine, cytidine and
guani ne or, as used herein, A T,C, or G These appear in the coding strand
or coding sequence 5 of doubl e-stranded ("duplex") DNA, whose remai ni ng or
conpl enentary strand is forned of nugl eotides ("bases") which hydrogen
bond te their conplenents in the codT%g Ttrand. A conplenents [err] and C
conpl ements G These and other subjects relating to the background of the

10 invention are discussed at length in Benjan1n Lewi n, Gene Expression 1,
2 (1974) and 3 (1977), John Wley and :

Casmip Witk Tanpem RRomoTter, SvsTEM
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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 information through provision of sites for RNA

polymerase'binding, information for ribosomal binding

gsites, etc. Encoded protein is "expressed" from its

corresponding DNA by a multistep process within an
10 organism by which: _

1. 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 for whose amino
20 acid sequence the gene encodes, beginning at a
translation "start® signai, most commonly ATIG
(which is translated "f-methiosnine").
In accordahcejwith the genetic code, DNA specifies



Sons N.Y. "DNA O eavage and Ligation A variety of techniques are avail abl e
f or DNA 15 reconbi nati on, according to which adjoi ning ends of separate -
DNA fragnments are tail ored in one way or another to facilitate ligation.
The_latter termrefers to the formati on of phosphodi ester bonds between
adj oi ni ng nucl eotides, nost often through &£pe agency of the enzyme 20 T4

DNA, Th bl unt d be d I d t t
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. Ve “end . ™ :
ol eoul o5 are. SERS.EXPERERIoh £ 2TEFeTR) WR8. 3 FINIYT SonhWELhy ana
conpl enentary sSopBe MNs+¥ads generates a new DNA nol e- cul e, which can be

gi ven covalent integrity by using ligase to seal’the_single strand breaks
that remain at

DNA Cleavage and Ligatxon
- A variety of techniques are available for DNA
15 tecombination, according to which adjoining ends of
separate DNA fragments are tailored in one way or another
to facilitate ligation. The latter term refers to the
formation of phosphodiester bonds between adjoining
hucieotidés, most often through the agency of the enzyme
20 T4 DNA ligase. Thus, blunt ends may be directly ligated.
Alternatively, fragments containing complementary single
strands at their adjoining ends are advantaged by
hydrogen bonding which positions the respective ends for
'1I subsequent ligation. Such single strands, referred to
' 25 as cohesive termini, may be formed by the addition of
nucleotides to blunt ends using terminal transferase,
and sometimeé simply by chewing back one strand of a
blunt end with an enzyme such A -exonuclease. .Again,
and most commonly, resort may be had to restriction endo-
30 nucleases (hereafter, "restriction enzymes"), which
cleave'phosphodiéster-bonds in and around unigue se-
quences of nucleotides of about -6 base pairs in length
' ('reétriction sites"). Many restriction enzymes and
their técognition sites are known. See, e.g., R.

35 J. Roberts, CRC Critical Reviews in Biochemistry, 123




the point of annealing. Restriction enzynmes which | eave coterm nal or
‘iint ends on dupl ex DNA that has been cl €aved permt reconbination wvia,

9., T4 ligase with other bl unt-ended sequences C oning Vehicles and -
Recorrbl nant DNA 15 For present purposes, "cloning vehicle" is a .
nonchronosonmal | ength of dupl ex DNA conpri sing an I ntact replicon such that -
the vehicle can be replicated whempl aced within a unicellular organism \.f
( mcrgﬁ9 ) b]Y ransformation.. An.organism'so transformedis called a 20

"t r andfH9 Kant 9 eseMany %Becﬁ#ﬁq.gemd ks cthabngeneratee are
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- Cloning Vehicles. and Recombinant DNA__
15 .For present. purposes,;_' cloning vehicle" is a
- nonchromosomal length of -duplex DNA comprising an intact'
-replicon such - that the vehicle can be replicated when
pPlaced. witninaa_unicellulaz,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_“plasmide'
' Advances in biochemistry in_recent'years nave'led
- to the construction of "recombinant” cloningnveniclee in
25 which;, for example, plasmids are-made_to.contain exo-~
genous DNA. -In 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_
'enzymeSfto-provide'linear DNA having ligatable ternini;
These are bound to an exogenous gene ‘having. ligatable
" termini to provide a biologically functional moiety
- with an ‘intact replicon -and a phenotypical property
35 useful in selecting transformants.~ The recombinant
moiety is inserted into a microorganism by transformation




M les lnternational Synposium Series 10: Reconbi nant Ml ecul es: | npact on

Sci'ence and Society, Beers and Bosseff, eds., Raven Press, N Y. (1977). 10

Reconbi-nant DNA Expression Aside fromthe use of cloning vehicles to

i ncredse the supply of genes by replicgatiton, there have been attenpts, some
successful, to actual |y express proteins for which the genes code. In the
f (st such instance a 15 gene for the br alg. hor none sonatostation under
the influence of the |ac pronotor was.expressed in _E. _coli_bacteria. K

Itakura et al, and &he twansfoomant o) ispdated.and cloneds Widh thehains

of - hunman |nsuI| [ € i t
of human insuli 6%3/@\?&: 6Ereé§%%iiglifn|?f farfﬁgé ?wmw;sa@ aeég qﬁgﬁal%

(1979). In eadPRESS e 5eﬁe§ménem s;wectawh niph@actigularigases,

synthesis. |nePeR R, £OEHRY %b‘je@tzwfﬁsewﬁd“éé'slh ahe prYtein for
apparently deg&agfcéhe desi red product, nece55|ta§ |ts production 25, in

conj ugat ed or the, gans.cofes: aPhocasgpsia dwﬁ%ﬂhﬁﬂ%ﬂ%%t%ﬂdlitﬁy
conpart ment al | 56 t @A tddll Wappll ixalt o xtéagevidwed dravgdedddy iR the

ield the rodu inte work s desc i bed in ub-
V@ped Britisn Mkiem Eaiaweaﬁomfosym L4 ar't#9540 7 Beppmiiiaant
iggl lAcaEI En " @Bot&@uﬁé&sA 1 £cQ07o:679o°£e£Be2an7 Sdeiat ndseﬁéfﬂﬁﬁ
*Eschery chi e IC ene as roven useru
i @t he several’ éﬁﬁi% FhugdPaﬂ gqgéﬂs g H Ri89§|q g

ies arise in the -
case of far larger protein. products e g., growth hornone and

I nterferon, W@ose enes a res on |ngly more conpl ex and | ess
susceptlbléq: same time, it would be desir--

able to express sucm:&d@usomnaﬂwmaal of bglonuhqgmmslm ihc:ease
ey oot  ERE TEBBYY B¢ GUNeT By Y EPTTeSR0eHE Y HUdh W
attempts, -some successful, to actually express proteins

for which the genes code. In the first such instance a

15 gene for the brain hormone somatostation under the
influence of the lac promotor was expressed in.Ef ¢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 fotm_the

20 hormone. D. V. Goeddel et al., Proc., Nat'l, Acad. Sci.,

USA 76, 106 (1979). 1In“each case the genes were con-

structed in their entirety by synthesis. 1In each case,

proteolytic enzymes within the cell would apparently -

"F' - degrade the desired product, necessitating. its production

25 in conjugated 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 British 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. ( Escherichia)

While the synthetic gene approach has proven useful

in the several cases thus far discussed, real d4iffi-
culties arise in the case of far larger protéin products,

35 e.qg., érowth-hdrmonew and interferon, whose genes are
correspondingly more complex and less susceptible to

¢



‘nj'tted to construction of the intended product. O her workers have.

‘eptenpt ed to express genes derived not by organic synthesis but rather by
eyerse transcription fromthe correspondi ng nessenger RNA purified from-

~-'ssue. Two problens have attended this 10 approach. To begin wth,

. reverse transcriptase nmay stop. transcription from nRNA short of conpletlng

- CDNA for the entire.am no aci d sequence desired. Thus, for exanple, \ﬁ;z-

Vill a- {iff et al ohtained cDNA for rat proinsulin which | acked codons
for th ?‘? e tsriﬁaEhEﬁ adMisthe same( fimensiti wople: hesdesimroc. Nat' | .

Acad. YHle HSAe?:Epszaa R ES)pridiFe €s ﬁsaeemptarrﬁwrsgreereﬂ%eg for

pol ypeptldes t hat e £X resse in precursor form has for the
precur SFOESIRy of B ¥o: E°|§r%t%¥ﬂfﬁ€e§1?@sﬁlel%“%eﬁ in a

eukaryaweeeioqfldof k@%hir&é@&ﬂ?@ﬁi@i L1962 B FYairtidn) Ybé £E@Y Cdom-Thus far,
no EaCtiéﬁ$qfell has .been ,shown_t o share that ca 4£|Ity, so that nmRNA

tradscm® R GPRREENCELON. OFf the,; Lntended; RradiGke t he | eader

'SteunPCGS ofothe uorﬁotmeete‘ OliWe’:lthtrtéﬂﬁltédletbi Oeﬁb:veser G&hag?s
Itse

Naturedfirﬁ 35 r@?%}’ ﬁ%ﬂgﬂﬁé’é;&ﬁgh r}ﬁgn ?t maﬂmsbﬁgéjé gtFS?r;)ts by »
ot hers ﬁmhm:eipzﬂiane@rems tuearbdsampendﬁngt ifé §sBhg@Y SRNA) from 30
MRNA transg ave cca5|o 'ed_on to_t roductl n of onj ugat ed
prot-ei r?é"nbté' %&;a{%ﬂﬂ &ri(ﬂéﬁﬁbl e TP e?t‘r%?/]c%?ﬁul?‘ﬁ 13k detﬂg .
Vi tLioa- Iﬁppro&b,h SupTe, begdm milthna:severeenwlan@crw gmayuatap( bet a-
T EaRhET L R ol b oF Bihin SR Rl B
aci ds antﬂmehamknunhaidaseqmeﬁuecmeebneﬂ.Zlfﬂﬁb | foroegahpie,
Villa—Komaroff et al obtained cDNA for rat proinsulin
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
-polypeptideefthat;are-expreSsed in precursor form
- has:yieldedfdbﬁﬁ,io:'thesprecuzse:HEOrm.rather-thanﬂthe
'-bioeetiveﬁprOteiﬁ=thdt results when, in a eukaryotic
20 cell, leader sequences are;enzymatiCally removed. Thus
. far, no bacterial cell has been shown to share that.
”-cepability,"so'that-mRNAdtranscripts have yielded
 expression pfoducts containing the leader sequences of
-~ the precursor form rather than the bioactive protein’
25 itself. ”Villhbxdmatoff, eﬁgta-(rat=proinsulin), P. H. )
- Seeburg ‘et al, Natute 276, 795 (1978) (rat pregrowthn _igf
-hormone).---’ : S S . o _
' Fxnally, ‘past- attempts by others to bacterlally
| express human hormones (or their precursors) from
30 mRNA transcripts have. on ‘occasion led only to the
" prbdﬁetion'of’edhjuéeted'p;oteins-notﬁapparent;ygamenable
to:eXtra#eeiluiet-cléavage,ie;g.,fvilla;xomaroffihsnpra,
“(penicillinaseé-proinsulin); Seeburg, supra (beta-
- 'IeétahﬁéeeétegtbthThormonei.' ' |

L

35 Human Gtowth Hormone S o |
7 Human g:owth hormone ('EGH') is. secreted in the



three pimes as large as insulin, Until the present invention, human growh
horm)ne ‘coul d be obtained only 5 by | aborious extraction froma limted
source -- the pituitary glands of human cadavers. The consequent scarcity
of the substance has limted its appl |,,casrnns to the treatnent of
hypopituitary dwarfism and even here reliable estimtes suggest that’
huxea#< derived HGH 10 is available in sufficient quantity to serve not nore
t han about 50% of afflicted subjects. In sunmary, a need has existed for
~new et hods of phedr ipikuiianyd oIteconsigpspofdaonr atitics acidsianidty,
“and that need has been . particularly acute in the case 15 of pol ypepti des
too large to adwithofites goleculat heeightroff aboulta2178005r i sringnmebitian
expression fromentirely synthetic genes. Expression of manmalian hornones
from mRNA t r ans thitsies timesfderbargecasr insudint s Daédile hienprédentcul t i es
that attend the synthetic approach, but 20 until the present has pernitted
only m crobi al gmmn:iqnmhmtamlqrmthomnm couids ber @hmrngtomly
desired hornone could not practicably be cleaved. The present invention
provi des an $xphys Jiahenious extrap Xgnngrmngt Limitede gourice —mkhe | |in

afjtetra- 25 cycline resistance and | yi ng between said genes, a tandem .
l'ac pronoter syPddmidamhigkands pﬁ%rﬁ‘?@%xﬁ?@?&’%ﬁ-l n Thee %m%#— of the
gene for tet racycl i ne re5| ‘st.ance, -6a- plural restriction sites being
pdsi tioned down®CRAESH s&ﬁl Wﬁ?@?es 8fe ted 91% &P ARl y, -

heter o ogous DA% 3&#@%%%66‘ +F ByofBiBurbany, Buakia ety dnd AV of
S O T D & BNt L R
10 is available in sufficient quantity to serve not more
than about 50 % of afflicted subjects. '
In.summary, a need has existed for new methods
of producing HGH and other polypeptide products in quantity,
and that need has been particularly acute in the case
15 of polypepfides too large to admit of organic synthesis
or, for that matter, miérobialuexp:essiOn from entirely
synthetic genes. Expression of mammalian hormones from
mRNA'tfanséripts has offered the promise of sidestepping
difficﬁlties that attend the synthetic approach, but
20 until the.present has permitted only microbial.produc-
i | tion of bio-inactive coﬁjugates from which the desired
hormone'C§u1d not practicably be cleaved. '
The present invention provides an expression'plasmid.
coﬁprisihg functional génes for ampicillin and tetra-
25 cycline resistance and, lying between séid'geneg,ia
tandem lac promoter system oriented to promote expression.

in the direction of the gene for tetracycline resistance,



~ eWhture of bacterial transformants conprising a 10 plasnid of the -

=ention. The present invention also relates to nmethods and neans for
pressi ng quasi -synthetic genes wherein reverse transcription provides a

substantial portion, preferably a nmajoerity, of the codi ng sequence wi t-hout

15 | aborious resort to entirely synthetic construction, while synthesis of-

t he remai nder of the coding seqy gnce affords a conpl eted gene capabl e -of \_ "t

expressing the desired pol ypept I de unacconpani ed by bi o-inactivating | eader™

sequences or ot her -extraneous protein.: 20 Akternatively, the synthetic

remain t [ ineered as to. -
permtBi ra c%ﬁﬂﬁk %d%ggéé ?eég rghbgggﬁﬁ%)eln yléﬁggng t he

bi oact | f égq?d o n k net hods -7-
and rreg?mf %:arild .0 la‘f'é[fpro ﬁg?@oﬁﬁ% h %l’rr'érl?i % ?erl ?m%'[ herto produced
only i Bohle@iked am@rﬁmatbanaesabasneaba%g@ fﬂé&%ﬂéﬁ&&, and still others

previ ously rncapabl e of industrial manufacture”. 1nits. ‘host. pre- 5 ferred .

enbodi gReperhdrdurtidwof cRéEéLBleghle DINBS thediitit Q¥id) Whi ch a nedical |y
si gni fircant polypeptide hornone (human’ griowt h-hor rone) . has- been bacterially

expr ssgiteshise 2w disli eoméothden! theeContaolpiof @it pranstéhe necessity »
of conpartnentalizing the bioactive 10 formin extraneous.protein pending

- extracgyistlenr. clsuch agslasiidr bbjafoxoexampliey ghasmidyrowt h hor none nade
avai l able by the invention offer, for the first tine, anple supplies of the s

hor nronpGHSr. treat nent of hypopi- tuitary dwarfism together with other
applications here- 15 tofore beyond the capacity of tissue-derived hornone
~ sources, 1n&hﬁhp@p&ﬂﬁtutevgationca&B@e@mmyiqganﬁkxiahle05|s burn
therapy, wound “heal i ng, dystrophy and bone - -
culture of bacterial transformants oomprising a
10 plasmud of the invention.; o |
The present invention also relates to methods and
means for expressing quasi-synthetic genes wherein
reverse transcription provzdes a substantial portion,
preferahly a majority. of the coding sequence without
15 lsborious resort to entirely synthetic construction,f
while synthesis of the remainder of the coding sequenoe
affords a completed. gene capable of expressing the
desired polypeptide unaccompanied by bio-inactivating
leader -sequences or other extraneous protein._
20 Alternatively..the synthetic remainder may yield a “y
proteolysis-resistant conjugate 8o engineered as to N
permit extra-cellular cleavage of extraneous protein,

yielding the bioactive form. ?heuinvention accordingly

makes available methods.



the i nvention may be obtained will appear nore fully fromthe detailed
descri. ption which fol |l ows, and fromthe acconpanying drawi ngs relating to a
pre- ferred enbodi nent of the invention, in which: Figure 1 depicts the
synthetic schene for construc- 25 tion of a gene fragnent coding for the
fixst’ 24 am no aci ds of human grow h hot noHes together' with the start

signal ATG and and‘kﬁéﬁnlsseﬂo Nm§ceBbi%l p?!f‘d@éti’d\ﬁ bf h e%%s‘"'%ﬂeﬂﬁﬂ?é

strand ("U') and, in the npl enentary or “| ower stran ") .indi cat

ol i gonucl eot i désl Qbeﬁ%?n&fQ%“FGﬂmqfthdéﬁ ckimi #Ieégrﬁa‘hﬂntlil'-'gﬁr
joinder of theegfratkeibn OFrdn E'i‘isa@é' d%‘-‘nd Ost(irl’ﬂ td‘&h@%@e pfé@%’ﬁspf
Flgure 1, and its insertion_i asm d onln.ve i cl es ur
illustrates thdAhpPaRdRRE ?Laajf% risl m%éa&ﬂ%eof #ne%n@emqqt pre-
restricti 0“5€nb’é7?rferdﬂgéﬁ'ﬂod>iménm tthéaindmibha&%?ptében\us hthée first
nunbered am no acids,of h wth hor_none I C hey code
-8 restrictioPeSagion lFnl’! oy msgriofsabix 1%{]%51;#5: g“s‘f oBoy'YfRﬁgtide
Vo 1% o' e (k3 v oot st ety
hor none not sy "r%YFéé% C cﬁg"%ggiﬂ% %mt;ﬂEFFSEi&P&ﬁYatptgfe’?gfé’fwsis
fragment as CormidmtnbarrVeMsti\/ty eusrawpantn@nnapﬂzfiw teAbiivd ¢t Dele
f fom a hu p| U|tar source; and Fiqu irat es. the ruct on of
a plasmd 10 SrEEansdis BF o5ain e AILAnBR EERGRII T
begi nning with atg@.pl aBrobealFispureed amrShuEm\ ggawtlh anatme ofiadée
nvention Tnvol koS 3819 By "t "1hbeh el d' S£2eY) "ot bife Pl i Ui fine,
- 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 ob]ects 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 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, togetber 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") 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 ?igure 1, and
its insertion in a plasmid cloning vehicle;
Figure 3 illustrates the DNA sequence (coding'
35 strand only) of the ia_e_ III restriction enzyme fragment
of a pituitary mRNA transcript, with the numbered amino
acids of hi,:man growth hormone for which they code. ‘Key

knitting. The manner in which these and other objects and 20 advantages of @



e f

ragments which in conbinati on code for expression 15 of the

guct. O these, at least one is a cDNA fragnent derived by rev
anscription fromnRNA isolated fromtissue, as by the nethod of
ich et al, Science 196, 1313 (1977 . The cDNA provi des a subst
portion, and preferaly at least a majority, 20.” of the codons for

desired product,. while renaining pgrtions of the gene are supplied
synt heti-.cal Ly . The synthetic and nRNA transcript. fragnents are cl

separ - r&htkidﬂiqn(Bdtbsaapeeiqdicatedes &sr i8SBNAN {ifda Lcaiieig conbi nati on
step. ®8top") Ebﬂ”ﬁdﬁi% n&i atedSihgemat i ons i nfiuence - dlstrlbutlon

for the end pr oduct:. as,
DNA sequencgl&‘u%ﬁr’rﬂl ér%\’ﬁ#ﬁﬂ@ﬁd&h@r mmmejtonhefnﬂ leddmifngvaxam and
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" The general approach of *he invention involves

t he

_the combination in a sxngle clcning vehicle of plural -
__gene fragments which in combina:ion code for expression

15

of the desired ptoduct. Of th=se,fat least one is a

chNA 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

.Esubstantial portion, and prefera.ly 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 fra~ments are cloned separ-
~ately to provide ample quantities for use in ‘the later

25

combination step. _

_ A variety of considerations influence distribution
of. codons for the end product as between synthetic and
CcDNA, most particularly the DNA ssquence of complementary
DNA determined as by the methoc of Maxam and Gilbert,‘

~ Proc. Nat'l Acad. Sci. USA 74, :63 (1977). Complementary

30

DNA obtained by reverse transc'iption will invariably

_ contain codons for at least a carboxy terminal portion

.of the desired product, as well as other codons for

:_untranslated mRNA downstream f'om the translation stop’

35

-signal(s) adjacent the carboxy terminus. The presence
- of DNA for untranslated RNA is largely irrelevant,

_ .
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hornone* enters the periplasmc space inits free, bio- active form
However, -microbial cells cannot be relied. 15 upon to performthat
functlon and it is accordingly desirable to renove sequences coding for

such Signals or | eader sequences fromthe nRNA transcript. |In the course
of that renoval process the translation start signal is also lost, and
akppst invariably sone codons 20 for the=8mtended product will be renoved

the nvent i on PECOf, SHEPLTT adlothly SLATLAZER' BE' Lhal BinY T e
translation st aemosiedal ashedry restrhetion enzyae odleavadehr td consexve
ultimtely be @?%iﬁ?dﬁ“?téoﬁf%es 3@§f89e3; %FQ é%tiﬂ&egﬂﬂfgﬁpressing

El i m nati on of eader seguence rowﬂ ornDne c
advant aged by the DNA| foin |tlyeoﬁ.ru:emded| w:uodncm: e Intpanticulgrowases,

hor one- encgd 9o URAN W1 | PBoYn THBAURE LS VI BRLTERNShING el

practiced wthout regard-t of “sSu
event without Segaence ﬁeeshneﬂl.atasweldf a@ exkraneousncodons upstream

sufficiently nggné:@hgmdﬂiﬁgrqh?#?ﬁﬁst érq%ggﬂagap§f%§£étt0 For

ogki ate the ne r extensive synthesis of the gene co
derived from neXampius, manyny LonAtcoal Ag Folypepiddechqrmopsasi ase

Tattor & codone SRl seed 3% | RESEP L B WA P IR P R dRal

| &t'ter' s codons mat ure po peptl
from the ak®nosggueregseth moménnﬂmp&vﬁymm noheanapogutmq/ the

di gest into th@e@ﬂﬂﬂﬁ?%ﬂ&nb?ﬁnet heIﬁeE&b@%égidfn‘off&n éﬁﬁﬁryaﬁi@%e 1s

unwant ed | eader or ot her sequence. 5 Thus, for exa gl.ven®cDNA suc

[err] where th§héﬁﬁbo$ﬁﬂ“ﬁ“@#%eé?ﬁoﬁnﬁymﬁﬁiQE%¥¥i%ﬁm%YFGM/3#55Cﬁh§$ the'
conditions for h@rauire cantét §ethe pdiplasmic space in its free, bio-

active form. However, microbial cells cannot be relied.

15 upon to perform that function, and it is accordingly
desirable to remove seguences coding for such signals or
leader sequences from the mRNA transcript. In the
course of that removal process the trenslation 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 quasi-synthetic gene product

of the invention returns these latter codons, as'well as
supplying anewvw 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'aveilability of a
'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 obyviate 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
segquence the boundary between the latter's codons and




- desire

C'osen to renmove the upper sequences "a" and "b", whereafter Sl nuclease
divdestion will automatically 10 eliminate the I ovver sequences "c" and "d".
®lt/ernativel y and nore precisely, one may enploy DNA pol ymerase di gestion
M1 the presence of deoxynucl eotide tri-phos- phates ("d(A T,C, G TP"). Thus,
in the foregoing exanple, DNA poly. rase |n t he presence of dGTP w |l .
renove 15 sequence "c" (then stopfﬁ S1 nucl ease wll then digest
_ #g !

"at; Y e mituiﬂetgorypepeiab dﬂilli \dippedExem "tHe (then stop a
e

"T) and 1 nucl wi |l n S0 on See- nerally A

Kor nbe ™ ‘ﬁﬁhggﬂé"e‘bﬁe Qfe g%i' gﬁkeFP@M%‘h@ nl2y -
Franci mp:ll??d)ige/ste eoethﬁ ygenee owd'ingrm?)f Cmrpeptgdeeo][frl c- ht ion
site at ve thin t ogti-gqn o A _codin or the
des ot ERRe; ¥ Rb g kel U anEad°1nadRdind i nsdtoRReue: <

t ecBni Phausg)yf for 2éxaitplie; given ¢DMK. chh msAcad. Sci. USA 75, 4268

(1978). By this technlque one or nore bases nay be substituted in an

exi sti ng DNA sequence, using p cont@i ni ng the m smat ched substituent.

At | east seven .palindromc 4- b%meep%s E;;Fuences are uni quely recogni zed by -
known 30 restriction eniVnes (Alu I'), CCGG (Hpa I1), CGCG -
(Tha 1), GATC (Sdau 3A), : GCGC (IMAGCMGABEG’HI.I.). and TCGA (Taq I). Were

t he cDNA sequence- contains -a sequence dlfferlng1WIEMQne such site in a

singl e base, as statlstlcally'lkhfm IGGACPASCOA Jepair synthesis 5 will .
yiel d replicate cDNA conﬁdlnlna the |propey,; substi-.tuent ‘base and hence
|l

the desired restriction site a .| delete DNA for. .the unwant ed
| eader, after which synthesis repl ace codons required for expres- sion

of themgggﬁ%xa ife of BigeBUUR {8 i[ﬂiéatedeﬁgeirrow,
_repection con itions for exonucleese digestion may be
_chosen to remove the upper sequences *a" and "b*,
' whereafter s1 nucleese digestion will eutometicelly |
10 eliminate the 1ower sequences "c” end "d" ' Alternatively
'end more precisely, one may employ DNA polymerase
digestion in the presence of deoxynucieotide triphos-
_ phetes ('d(A Tr,C, G)TP'). Thus, in the foregoing example,
~ DNA polymerese in the presence of dGTP will remove
15 sequence llc" (then stop at "G"), Sl nuclease’ will
| 'then digest 'a'- DNA polymerase in the presence ‘of aTTP
will remove 'd", (then stop at "T") and 81 nuclease ‘will
then excise 'b', and so on. See generelly A. Kornberg,
DNA S nthesis, pp. 87- 88, W. H. Freeman and Co., ‘San -
20 Prencisco (1974). N
_ uore preferebly, one mey simply construct a restric- @
tion site et a convenient point within the portion of
the cDNA coding for the desired product, by an applice-
tion of the mismetch repair synthesis tecnnique of A.
25 Razin et al, Proc. Nat'l Acad. Sci. USA 75, 4268 (1978).
_ By this technique one or more bases mey be substituted
in an existing DNA sequence, using primers containing
.' _'the mismatched substituent. At least seven pelindromic
_4-base peir sequences ere uniquely recognized hy ‘known
'30 restriction enzymes, _.i.e., AGCT (Alu 9 PR CCGG (_gg II).



quasi - synthetic DNA codons for desired - product - [err] 10 It wll

cDNA Gt GG fri smatch repair synthesis [err] synthetic.la" GG - ' (;;;
be {:

appreci ated, of course, that longer restric- tion sites nay be |ikew se
i nsert’ed where desired,” or that successive repairs may create 4-base pair
restric- tion sites where only two bases cormmon to the site appear at the

dasj¥ed point, etc. 15 Appllcatlons.ylil appear in mhlch |t |s
desirabl e to exgsegs(9fh 21,Ychie FEalP 2O I RARICNE V] 88 dgg1)
product, but also a neasure *of extraneous BUt specl cafly englneere

lp:)r ottei nth Four magomahl g[:(ﬁraqnsx yRy mhmwnedtclmuvase fuéﬁ@éplﬁéntains
mmino- | ogi cal® (BB SR SIERRIAE, FRATGRRRc RIS E o Sab cHhcd Bingle
conj ugﬁtlon g:o Wiil?sahtatats@fﬂe aldyehid f%%%nil §1mnugr,e rl@p!t!weé&%tﬁeﬁs_
general |y, en eci.f,i C may

dentrabl ¢ & P BELT Wi 14 SBRRY ieite, Hhubh “Contatning  di arneEl dibsti-
Cowl@afff“hmt“b“t bmsevﬁwdmhpmnelmww dfﬂﬂﬂ&#ﬁFeﬁmntﬁﬂlbn site.
extracel | ul ar { e e m I cati o
v be precentehortdan nl AT, AdlFraCONE, for BhE, praAttag YL AFRer
ggls: rﬁgngigﬁgctwhiogpsynthpsdmm]dn mépll;iweseﬁd?hg efgl.tciltneﬁeﬂddt_oemrébe
Fienal |y, ext ran%’g%é @gnﬁgﬁa?%m%@% s‘%g ) B]c'ggfn?fa§ﬁé'C| fic cleavage

extracel lularly may

codons for

r——Q—leéder-——1:--—desired product ——sf
- as= . .

| o N cDNA
R S CAGG ~— +
| mismatch repair synthesis
$ 3
! CCGG l -
~ Hpall

synthetic "a" GG
_ . quasi-
o . synthetic
. t 4 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-
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 the amino acid sequence of the
intended product, but also a measure of extraneous but

- specifically engineered protein. Four'sudh-applications_

o mayﬁbe mentiohéd by way of exaﬁple. First, the guasi-
20 synthetic gene may represent a hapten or cher immuno=-
logical determinant upon which immdnbgenicity'is
conferred by conjugation to additional protein, such
that vaccines are produced. See generally, G.B. patent



bevl npl oyed to conpartnentalize intended products other- w se susceptible

fpn\degradation by proteases endogenous to the microbial host. At least in
he/l atter three applications the synthetic adaptor nolecul ar enployed 15
to”conpl ete the codi ng sequence of the nRNA transcript can additionally

I ncor porate codons for am no aci d-g@@siences spécifically .cleavable, as by

[ 1 | f ||
e bRttt 1P 2 “0UR £230 P AGad b uE' $Y Serianizable; cqoi ng
it willfoe smiamsamtty rreasohsocoefexmtthéeitﬁ&eadabaott'rgaﬁhbutﬂes QénRNA

n these |
'[r?zglnfsglr p?%éﬁﬂl IO&?%? %g r‘l&c{}o‘%ﬁegrg%r 5°§Gl§§tz§ﬂ|4ﬂ31ﬁﬂ?¢on of
e 'm“dw ”m‘i@?“mﬁmf SINEREIE LD YIUIE bhe ackyEccel
?hgr?ntfe‘\ﬁ ed. prgglig% gbgﬂ'ége‘tgngp H'B &’e Rresented é@ddﬂkf Br anino
aci d seqnan@onthaigmam plakypepridesdwinll Fpreobdedftdxeordtcbﬁed'f any,

e ney oonete $EIHMEnIN PFSaREE fol of TS ukk, Y aikzetlan, o

and synthanuehrhgleemqkl membtaniei,nad &ohgjlssothd sighal pep fiﬁorm:ﬁr
ressi.on either the
orenae il LB IBUC L EeRdda . "Orsn ATty O e REL FARRGE, EPnTusRte or ocuc

codiigdesignedit tgpmn‘mitSSmcifimldLewmabkEricemmw protein.

O courge. e}l 68T Oc'oxﬁ’pggﬂﬁEn‘@aliie {1 teeergdsproducts other-

wise susceptible to degradation by Pproteases 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- example, trypsin will .
cleave specifically at arg-arg or lys—lys, etc. See GB
20 2 008 123a, supra. - - .
© ° From the foregoing, it will be seen ‘that in its
,broadest aspeot the invention admits of manifold applica-
tions, each having- ‘in common these attributes:
- a mRNA transcript is employed which
25 ) codes for a substantial portion of the intended5
polypeptide s amino acid sequence but which,
if expressed alone,'would produce a different
”polypeptide either smaller or larger than the
o _“w:intended product; | :
30 00 - protein-encoding codons for amino acid
' sequences other than those contained in the
\lintended product, if any, ‘are removed; o
| -?h organic synthesis 'yiélds fragment(s)
hﬁ;_;'“coding for the remainder of the desired‘
35 ) \ 'seQuence-'and R o - o
o ) == the mRNA transcript and synthetic
_tragment(s) are combined and disposed in a

»
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commence with the ami no acid coded for by the translation start signal- (in
the-case of ATG  f-nmethionine). One can expect this to be renpved
intracel l'ularly, or in any 10 event to lgagee the bioactivity of the

ul timate product. essentially- ‘unaf f ect ed.: Al t hough+it: provi des a net hod of
gener-al appli cabil - PQ?mPr?»Q‘hecﬁﬂGGé@til% Qﬂfo%ﬁﬁ uYebii-Stlél £9r inepkidt ng

antibodies, and enzyggeionandVeRidrdissSohd oPaéi'tﬁ'dzarEMeSlilﬂt%hééBthe
expressi on of manmal i an_pol ypepti dé hornones and ot her substances havi ng

medi cal appl i cati onRTEAYCE abaengorxtyasecysconjugated prntety,
pol ypeptide, pancreajgcCipdefPed pe oﬂ@%ﬁgiéwoﬁb”bu@%&mﬁh' ns,
acC

i nterferon, UI’OkI nase, H-tbl ood clotti ors and hunan al bum

n
A pref er r edSembodi - Y| I%?Pé(ﬁbgeoﬁ?ﬂé‘ i 9FEHIBR/AUS nE%t"HFQ-&rssed
in which a quagf sgeiekes gene %Mséibdﬂ??ed%w@imf Heavéry case

by wel ght) 25 CGHRATGR  FhER, PheCARION a5 i code PRy BYo b E1eh il
CHroL e i T L e D S
{@epared 11om (74T BARS TF obloh GOt SHURRAS nbIEEAGAL LAY AEAY 13k bRy ERE
A Ulrichie aiveﬁel ereléddve KHS bidadtivityerof thedullimste Product.
1(3 ds") cDNA was soreﬁ) g;from %%f this RNA essentially as described
y Wckens et £s8 3 (1978), except 35 that RNA :
pol ymerase "Kl enow fakgheagh, il pflowides Fx arethied’ bf 4enerddA appl idabBil-
(1070) e el e bl PYAGRENTIR B S oS, SERRYARA T icatng
restric- t|on sntibodigesamdiegnsimes, thacddveation ds -

' 15 particularly suited to the expression of mammalian
polypeptide hormones and other substances having medical
applications, e.g., glucagon, gastrointestinal inhibitory
polypeptide, pancreatic polypeptide, adrenocorticotropin,
beta~-endorphins, interferon, urockinase, blood clotting

20 factors and human.albumin. . A preferred embodi-
ment illustrative of the invention is next discussed, in
which a quasi-synthetic gene 'coding for: human g:dwth
hormone is constructed, cloned and microbially expressed.
(Percentages are calculated by weight)

25 Construction and Expression of a Cloning Vehicle for

©  Human Growth Hormone ' '
1. Cloning the Hae III fragment of .
the mRNA transcript (Figs. 3 and 4)
° Polyadenylated mRNA for human growth hormone (BGH)
30 was prepared from pituitary growth hormone-producing
tumors by the procedure of A. Tllrich et al. Science
196, 1313 (1977) 1.5 g of double strand ("ds") cDNA was
prepared from S5 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. 65, 168 (1970), was substituted for
DNA Polymerase I in the second strand synthesis. The




a!! I n the sequence coding for amno acids 23 and 24 of HGH, as shown in

3. Treatnent of ds HGH cDNA with 5 Hae |11 gives a DNA fragnent of
base pairs ("bp") coding for ami no acids 24-191 of HGH  Thus, 90 ng of
. tRe/cDNA was treated with Hae 111, el ectrophoresed on an 8% pol yacryclamde
gel, and the reg| on at 550 bp el ut ed.” Approximately:1.ng of cDNA was _
obt ai ned. 10" 'pBR322 prepared=sl4+n F. Boljvar et al., Gene 2 (1977) \\; :

has been -
oS L PR p DR e oM RO L ol b AN 51 2OURE2 (o beon
(1978) tilon maiteaopq:zemreateng d ms tikve \ABl'ancnhs“i?xué;OtEglifScnhe : _
| C W
corr os S04 FRCELE #URedEs ERATA Fol pinb) acsas (£ and 138’ Bd wni ch
cont ai B6BecagnishiownsimneFigs Bne rB&atnénenoinmfs?mmIﬂeﬁlh agg .
CLlS

onaopoBad TET WA uds 4° R EEaglent, of G511 3H A D R
NaturecgﬁM7f919min&JIQF&dG?)r2ﬂﬂb9i tnefe&@ﬂeyecﬂ.‘hnsqor&ﬂllltgﬁ on.

I i gesti
T SHELCONN 7 ot gl . FRALRASERE TR 00,000 1
of pBRgzz Pe Mﬁrmgm%@et@ebstaadt Hehelaeegiomsati 850 bpn ScthGgZ/G |

t

(2 crigeede ApfsRihReegyl O ') SETCBRA babe SN, ° | ool Cloce O .
(T3 30 mﬁs‘%@@cﬂtﬁtaﬂaamﬂ oﬂBnﬂ@l&-.i@Mats@e&lper GEneel2ni nus as
QoscTLIAB PIYVIPIRA 3 e, cho'gn #EERe W1GHIHg P\f%h%]cr}[fgafiﬁ PBR322

was tailed similarly with ab rest per neal i ng

of thetd® t @PNRYs ds mma tashbeen (£nldy. whavactier haedss J pluforned in
s hestad 1y urCont SRedng Rarldh Siinbblanlat 1 Tihy) 1100
[err] @& MU ticopy replicating plasmid which exhibits. both
15 ampicillin and tet:acycline :esistance owing to its
inclusion of the corresponding genes. ("ApR"._and
"pcRe, respectively, in: !‘ig..l). and which contains
‘recognition sites for the restriction enzymes Pst I,
.- ECORI and Eind III as shown in the Pigure. _ :
20 c1eavage 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 '("1978)- could accordingly be employed
to combine the blunt-ended products of Pst I cleavage bf_
PBR322 and of Hae III digestion of the. mRNA transcript,

25 inserting the cDNA fragment :into the Pst 1 site of

PBR322 in such manner as to. restore the Hae III restric-- .
tion sites (GGICC) on the cDNA while restoring. the pst I
restriction sites (CTGCAIG) at .each end of the insert. : °-_

. Thus, terminal deoxynucleotidyl tzansfe:ase (T4T)
30 was used to add approximately 20 4C residues per 3
terminus as described previously, Chang, A.Y. Cer.. sugra.
60 ng of Pst I-treated: 983322 was tailed limila:ly with
 about 10 ‘4G residues per 3' terminus. Annealing.of the

. dC-tailed ds cDNA with the dG-tailed vector DNA was
35 performed in 130 ul of 10mM Tris-BC1 (PE 7.5), 100 mM
NaCl, 0.25 mM EDTA. The mixture was heated to 70°C,
allowed to cool slowly to 37¢°C (12 hou:s), then to 20°C



andl ysi-s.of the plasm d pHGH31 cloned in x1776 by the met hod of Maxam and
G I'bert, Proc. Nat'l. Acad. Sci. USA 74, 560 (1977) resulted in 5
confi-rmation of the codons f-or. ami no acids 24-191 of HGH, as shown in
Figure 3. E. Coli .K-12 strain x1776 has the genot ype F- to nA53 daRD8 mi nAl
SUpE4A2 [err] 40[ gal - uvrB] [err] m nB2. r 18- nal A25 oms-2 thyA57* met C65

The Nat onbi- ikt PPRRER) ofb €EBIES "YW indEWieg 10 (Relfiadifily, B tpu, ™

an obligate re:du??émentbm deguenge anlalcyatsdoCDAH}eapdmﬁdt pHGH31
synt hesi ze th cRari a
DAP- | ess deat%lrwﬁ@q) en\]ﬂgﬁxnﬁg \ eremﬁaﬁg‘wd ‘.‘Jﬁé‘“brﬁ%s ???(ﬁ%ﬁ

-15- (6 hours) before being used to transformE. col. x1776. DNA sequence (@

nutrients exi §£a®.s¥adotl.caicad Sciwt mu sMancﬁﬁg@oMEﬂ)l restitedsin
thym ne orgth eL go t
DNA when 2 t#ﬁngﬁg%ﬁ%qw égnet%eérgé{ sen rom eﬂénefg’%nea%e p’ \?é]%n

suf fici ent nutBGHntas ashoweéannga:ara.ar n nmetabolic acti VI ty. x1776 is

extremely sensitiveggtosyqig %Ehﬁs]%ksiqpaghg-{g ﬁngl getﬁggyﬁ%.l .

Lgableto survive p'a'ss.ﬁ"r ntestinal tract
extrenel y-sendi@B&S 30 zagew.e@tuw.;smnwmm ¢l sminB76
s unable {0 g¥¥Ya0uatal 30 oulUL BhyASIP ABREGS ObmEL] Wﬁﬁ%zﬁwﬂé’dﬁ“d

i & thus sever

wi | d- typelgtrgm_éf CYcad i ___Qalg% ix1396 rbgﬁsmntéemiﬁi¢én§duc¢%
phages and 'Séf?g S%Q‘?%lo K8 ki1 QEJ 05 £! W%ﬁﬁnﬁ% OAn"BRY Hoser Q'EC*EUPGS

of conj ugativ ue to t e presence of various mut ations. x1776
resistant to @S%R®é c acid,. cycloserine and trinethoprim These drugs can

therefore 35 be addggl79g 4% 2 aho J¥LIGh t@ ¥ équitenénthEox 'l AmdHbpi-
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
20 thymine and thymidine are absent from the environment
‘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 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. coli. 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 trimethoprim. These drugs can therefore
35 be added to media to permit monitoring of the strain and
to preclude transformation of contaminants during
transformation, | |



“to. precl ude transformation of contaninants duri ng transformati on. - 16-
¥ATW6 grows with a generation time of about 50 min. in either L broth or

4say broth when supplenen: ted with 100[err] DAP/m and 4[err] . -
dine/mM and reaches final densities of 8-10 x [err] cel1ls/m at '
stationary 5 phase. Gentle agitation by swirlimg and shaking back and forth
for a period of 1-2 mn. adequataﬂ_s-su’spends cells with mai ntenance of 100% -«
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2. Construction: and Cloning of the 5ynthetic .
Gehe Fragment’ (Pigs. l] and 2) - ' : L ma
15 - - The" strategy for construction of the HGH guas.i-
synthetic gene included construction of a synthetic '
"fragment comprising a’ blunt-end restriction cleavage
‘gite” adjacent the point ‘at which the fragment would be
"Joined 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 IIz cleavage site following ‘amino
“acid -23.° 'l‘he distal end of the synthetic fragment was
prov:.ded with ‘a "linker" that permitted annhealing to- a
single strand terminal resulting from restriction .

25 ‘cleavade in the plasmid in which the mMRNA" transcript and _ ‘
"synthetic fragment would- ultmately be jotned: - =
' "As shown in Fig. 1, the 5' ‘ends of the duplex '_'- :

”fragment have’ single stranded cohesxve termini for the
_VEco RI ‘and Hind IIT restriction endonucleases ‘to -facili-
30 tate plasmid construction. “The methionine codon at
“the’ left end provides a site for initiation of transla-
=tion. Twelve different oligonucleotides, varying :in
"size from’ undecamer to hexadecamer, were synthesized by
“the" improved phosphotriester method of Crea, 'RJ’ Proc.*
35 Nat*l. Acad. Sci.: USA 75, 5765 (1978). - These oligo-
nucleotides, Uj; to Ug and Lj to Lsf_arejindicated




tion. . Twelve different oligonucleotides, varying in size fromundecaner to
hexadecaner, were syntheS|zed by the inproved phosphotriester nethod of /
Crea, R™ Proc. 35 Nat'l. Acad. Sci. USA 75, 5765 (1978). These oli go-
nucl eotides, [err] to [err] and [err] .to-[err] -are’indicated 17 by
arrows. 10 [err] amounts of [err] through [err] and [err] through [err]
weLephosphoryl ated using [err] pol ynucl<€bT+de kinase and ([err])ATP by a
publ i shed proqsyTéf Gbeddel, D. V. et al. Proc. Nat'l. Acad. Sci. USA
76, 106 (1979) 5% géparate [err] ligase catal yzed reactions were
performed: 10 [err]10f #5- @mdundmnof] U] thasoaati Ugd andh.THethrough

Gond, ned: and 16 [HHFE o e?@%%&%&@?ﬁﬁ%y %E%%S%dvﬁﬁstide
;mOﬂmonMatakiua$e anidksé anbammrbzamwpﬁhidshedegﬂoéed&ie.

hours in 3%) %d@éi r'& 4, ( Ac8d ) s, B8 et 28

dithiothre P usi ng’
i gation m xt uﬂa%79vbse then conbi ned, 100 un| ts-[err] li gase added and the

reaction all owed t r e u T
peci pi tated and elo'ggtfr)g%hgsr%?d%}%rgg %%%:rylgd% ?dw%ie E %8
mgrating at Seefep®r Lo naedricellOf me tmﬁ el -QH’ GIMQmethRQZZ was

1l err was t h I I e a t I ed
I(oy’[ gel ! )el ectro% ?rigf‘\éé%nﬁ?gﬂ;t% oHtlﬂg gn?ﬁifa%\g dl% S t‘ra(e) 5
used to trlemsfmhmiphc%:wlktﬂdsnmm%4 (lepd andt Hig, wgsrasrcomhsim#
Strain 294 wa t oker. t | J3 tif e .
Col l ection (A aIO(:]'SGJSﬁ?46 : II;S\A t h%éd)t fi%ﬁ%‘?%l ?)'ﬁ' éfe@%e%?@bayntg dgl‘usi%& tﬁe
MmamathBHﬁPPQE@mFX Qﬁ$r&20nQ5eﬁE€IﬂsaIImﬁese igations

were car:ied out at 4°C for 6 hours in 300 41 of 20 mM
Tris-HC1l (pH 7.5), mM MgCly, 10 zM 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 from the gel and
eluted. pBR322 (I/ug) 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 restriétion_Sequence analysis by the
Maxam and Gilbert technigue, supra, on the Eco RI - Hind
- III insert from a plasmid pHGH3 of one t:ansfotmant

30 confirmed that depicted in Pigure 1. |

3. Construction of Plasmid for the .
Bacterial Eggression of HGH (Fig. 5)
" .With the synthetic fragment in pHGH3 and the 'mRNA
transcript in pHGH31l, a replicaktle plasmid containing
35 both fragments was constructed using the expression
plasmid pGH6é, as shown in Fig. S. The expression
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insert froma plasnmd pHGH3 of one transformant 30 cenfirned that

_{ ‘dePicted in Figure 1. 3. Construction of Plasnmid for the Bacterial

%ressmn of HGH (Fig. 5) Wth the synthetic fragment in pHGH3 and the -

A transcript in pHGH3l, a replicable plasm d containing 35 both :

agment s.-was constructed using the expression plasmd pGH6, as shown in _

~ Fig. 5. The expression -18- plapgld, which contains tandemlac - " - \’é‘
'prom)ters was fi rst constructed as follows. A 285 base pair Eco Rl Rk
fragne®l asmidimivhich asnsadnsg tandes lac promaters; awasnfirssparat ed

Eﬁs?egim%?%%*ew LGl 4/ 2657 Bask bl |R0) "RE‘cBgHRRD T ¢
fragmar?@%é F‘r*§!9t§!f° i obﬂﬁé ReiR Uéﬁ else mmtendfaagmeMSpm
| sol al kb ie® BYOWIPS Sbﬂrdeﬁ‘ &0r  Héteg1 g&u.ﬂ TMRDEE s5EAY UggPhase

with t ene for_tetracg _resistanc site distal to.

t hedl at g&ﬁé vﬁ%°ﬂe£ﬁ/%§§gdb39§ﬁ?§§nl KscBag %@e&toﬂloreﬁﬁﬂoof t he
resul t Ivm%l g ¢ ¥sanded( koo &) endoh\u tt'a'BNA BB' YBEaPmé nd'\Ovas

recircylarizati.gn.of. the . Iasmd b t‘mt eng ation The resultlng |
pl asmi “5@4@‘9 orkBERs & fS.&.En terio %%%%eﬂpﬁ Ps¢iPdd with *

respectp@@l t iscA PERECH SYR! eHe r;sponetehst Bt it E €owaracahd 'ﬂGH coul d
be |nserted To. rea&lg t he synthetic fragnent.for. conbination Wi pq he RNA
f ”

transcBRPPAD £ %s"él"e%vS e Fene, fah Retiar

regori gleoiseatrec! em Bﬂé "E iit’éa@xﬂﬁhl [ oEmét 18882 Gen@ codi ng
sequences fgr ‘HGH am, n #’L 3., wasnt al at:ed from an 8% poI y- .acryl amde -
(Qﬂre# X

gel . TR §ﬁ|trf?)¥ﬁﬁ i §BP3LT Af-the ~ The
551 bp ﬂﬁﬁmnﬁﬁnﬂé BURAEREGE Ri0ends with DNA polymerase

I and :eoi:culerizetion ot the plasmid ‘by blunt-end
'ligetion." The resulting plasmid. pGHSE, contains a
15 single Eco - RI site properly positioned with :espect to
. the promote: system into whioh the oompleted gene for
HGH could be inserted. . : .
' To ready the synthetic f:egment for combination
" with the  RNA ttanscript, 10_ug of pHGH3 was cleeved _
20 with Eco RI and Bee IIT restriotion endonucleeses and -
" the 77 base ‘pair t:egnent conteining coding seguences
~ for HGHE amino acids 1—23 ‘was 1soleted from an 8% poly-
ec:ylemide gel. ' ' - Do
| The plasmid pHGH 31 ( 5ag) was next cleaved with
-25"§gg'zi1. The 551 bp HGH sequence and a comigrating 540

bp BEae III fragment of PBR322 vere purified by gel 9
QIQthOPhOreéis;~ ‘Subsequent treatment with Xma I .

. cleaved only the HGH sequence, removing 39 Base pairs.
from the 3°' noncoding :egion. The resulting 512 bp
30 fragment vas separated from the 540 bp - pBR322 Bae 1II
piece by eleotrophotesis on a 6% polyecrylemide ‘gel,
0.3 Aog of the 77 bp ‘Eco RI = Bee 112 ftegment was
_ polyme:ized with 1‘4 ligese 1n a 16 Ml :eectionvesselfcr
"14 hours at 4°c. ‘The mixture wes ‘heated to 70° c for 5'
35 to inectivate the ligese, “then t:eeted with Eco ‘RI(to
' cleeve f:egments whioh hed ‘dimerized” through ‘their-Eco
RI sites) and _with Sma I (to cleave Xma I dimers),



bp Hae-111 ‘fragnent of pBR322 were purified by gel el ectrophoresi s.
Subsequent treatnent wi.th Xma | cleaved only the HGH sequence, renoving 39

base pairs-fromthe 3' noncoding region. The resulting 512 bp 30 fragment #

was éepar ated fromthe 540 bp pBR322 . Hae- 111 piece by el ectrophoresis on a -~
6% pol yacryl am de gel. 0.3[err]. of the 77 f)g Eco . - Hae Il fragnent
was_pol ynerized with T4 ligase in a 16[errT*?®acti on vessel for 14 hours at

Eﬁrr]t Thte gnxtthiaewaidgeaiesmo bprrl ﬁﬂgﬁen\%ﬁ "ihelﬁl angtrwtmt*ﬁhemge'

en treated w a | e rou

their Eco R si t%%? ﬁ'? vé g&r& %’I‘U‘@ e%@é' néilt e&i Pé*'sé? catP nd 6%

ylbfel dlt ng ad59)1f :ﬁpblyib&?fmﬂ?iﬂlet ged, I:ioppﬁbxiﬁaheiyvob em mctmﬁnﬁrtbgment
un en er urit.l C I a oxli mat €

30 ng of this f*YFEnPRESLD a| n% éqooi% gﬁé ﬁgt g&‘%‘hgﬁ)? h%xpress)ion

expression 55 plpbndim'ﬁcaontoaomoaanﬁrwolxmoccnrreoogxﬂthon sive . cvBOw-

-Th
Ji'el dimg biuni ST oBhdt ke RURLERR, Ehs TAIY AT AhckRa. &1 BHe

gHGH 31 can accmmtsglt)hmgburﬁhemiddLQteﬂ ityoyied@ing blunt &hds., The

Rpr st on, bl A fapfu o8, Ugkilab; ¥ LAD, PEASRATY et 198 58! SHom
el ect_ro- phor esi3l ﬂhngcﬁorlﬁngéqttbeg brundt , end chigatedeibto HGHE.

cohest ve Enagnd one PhU oSUE AR} A40THERBRLE BORE) SoribELAThe aalli

were selected folag rUWt51 pnomtear;qﬂ m(lzei[&!d]sut:):essiveiynmbth Hind
bromoter for {‘ﬁif%%f %Fﬁﬁehﬁég. hidhogner! Hh B LR Wy Sodioaectre-

pronot er perm tspheaes $i oudl0 gt of ahe:cresautgmevfmom vhicht hadcone

Eco RI cohesive end and one blunt end was ligated to 10

15 ng of the 591 bp HGH DNA. The ligation mixture was

used to transform E. &oli. X1776. Colonies were selected

for growth on tetracycline (12. Sjﬁg/ml). It is note~

worthy that insertion of the hybrid BHGH gene into pGH6

destroys the promoter for the tetracycline tesistance

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 prooeaure, Proo; Nat'l, Acad.

g 25 Sci, USA, 72, 3961 (1975) identified 12 colonies contain-
L .~ ing HGH sequences. The plasmids isolated from three of

- when cleaved with Hae III, Pvu"II) and Pst I. The DNA
sequence of one clone, pEGalo7, was determined.

30 - Human growth hormone expressed by the transformants
was eesily deteoted by direct radioimmunoassey performed
on serial dilutions od lysed cell supernetants osing the
Phadebas HGH PRIST kit (Parmacia).

To demonstrate that HGH expression is under the

35 control of the lac promoter. 'PGHG 107 was transformed
into E. soli strain D1210 a 1;c+(i°0+zty+), a lac
repressor overproducer. Meaningful levels of HGH

these colonies gave the_expected restriotion patterns
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ing this selection characteristic. ApprOX|nater 400 transf
dbt ai ned. Filter hybridization by the Gunstein - Hogness pr
Nat'|. Acad. 25 Sci. USA, 72, 3961 (1975) identified 12 co
in- ing HGH sequences. The plasn1ds i solated fromthree of

agacen AREG ubiagpropyttidagal acxo@RIE€Y kit (Far maci a): -
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~|es gave the expected restriction patterns when cleaved with Hae |11,
and Pst 1. The DNA sequfte of one clone, pHGHLO7, was detern1ned

det ect J'E“E?FS‘C?%E bR MEERETAY RELY ILHIH) x ER seﬁé' | Ysed

di gesting

ul arizing

A& eTxelsujdsieng sins&egstmmd ends i whthl asni d

proveg]l Iémbﬁecq@eblﬁ %&XEE@&%&%&*@ By Bl "-‘?f e'(]% ’ﬁﬁi‘% ssa
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Wit BASRoHR Be (heSEaae | | A4 thoudh e tmsas(&trggepéﬂsmiggntlon E
not Ipﬁbwﬁhtwiwgwpsé d&pésﬂee@exb£§QE§é@ﬁgdhaﬁm%ﬁ?e&¥5:{éther‘m'y

so to a

gngly did so to a lesser extent’ than did pGBlO?, .as

shown by direct radioimmunoassay. :
It will be apparent to those skilled in the art

'fhthat the present invention is not limited to ‘the pre-
i ferred embodiment Just discussed, but rather only to the
lawful scope Of the appended claims.' variations other

20

25

30

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
"operon (phi 80 a ara) or the colicine El, galactose,
__,alkaline phosphatase or tryptophan promoter systems,
d”aost organisms for bacterial ‘expression’ '‘may ‘be ‘chosen,

e.g., from among the Enterobacteriaceae, gsuch as strains
of Escherichia coli and’ Salmonella- Bacillaceae, such as

pthan those hitherto discussed ‘will be apparent, whether '

Bacillus subtilis, Pneumococcus; Strgptococcus- and

_gnaemophilus influenzae. '0f course, the choice of

organism will’ control the levels ‘of physical éontainment

in cloning and expression that should be"” practiced to:

hﬁ“,comply Wlth National Institutes of - Bealth Guidelines for

Recombinant DNA, 43 ‘Ped. Reg. 60,080 (1978). _
While preferred for bench—scale practice of the
present invention, ‘B, coli. xl776 could prove ‘of: limited

It



| awful scope of the appended clains. Variations other 20 than those

hi-therto discussed will be apparent, whether i.n the choice of pronoter _ :
system' parental plasmd, intended pol ypeptide product or el sewhere. For :- _\
example, other pronoter systens applicable to the present in- vention -22
i nclude the | anbda pronoter, the arabinose 25 operon (phi 80 d ara) or the
colicine El, gal actose, al kal i ne phosphatggg_or'tryptophan pronot er:

. Host f.or <ha, i al i on pmy.be chosen, e.g.. . fr
RS PRRIE p IR g i B @%ﬁs@&i%ﬁn" agpEe fyring |
Sal a Bagll oS ST g
Sireptococeus:  EBa HESapititatichs PREPONRERITY iqeorpdCAERRTER Yy, for
of - organi smwi Ibiosafety: neasonsc JNithysppzioprdate rkavels nof| phiysdcald

| ;  hat ) &e. r | : =
ool the Gui del | r5a LR eRal Bidfegs o) OEBRL atré Y S ot gahibss e,
Wil e prefered€0dd -hfreh2sstizabnaddie supriay pande®. ivokiii strain RR1,.
1776 Id p ko e Gk | -scal_e. ind i_al -
Tanufacture owie 1O NPUCE PR eETN L0 RRLS LE N NI [ Kae 13
posaf ety reasopould the apgpployede iircVbasger dyalealopervabionihag, coli.

supr o’ and £ chRA"ER, A4ELAEEAN B reolt (Bpr ok (Goker Hogas,. et
_cEguI dI PeBErrpl 0)(/:'1! Jdngla r 1.8dxd & ()DB_IG&)i ohl 4599-64)122 IB}E nz;:diﬂgb\wﬂthlr;]ﬂ _
B coll Boipg (Eofs HVE msTadh wR1e Rk, FhS Bk Bingld. 1585473, gLy MTT LS

Experinments in B men€sncin cMol@dull £pr Genekibsr  (Celd YSpring7Barbbr,
C e o & oAbl YT I8 FRE A B RBERTRE B, APELI A | Hfe Bpittes
31343). 15 A cuoctober 3037A9%8 with athe Amexrdicanl Type Cultore 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 .
PEGH107 (ATCC No. 400l1l1); plasmid pGH6 (ATCC No. 40012);
20 strain x1776 transformed with pHGH 107 (ATCC No. 31538)
and E. coli K12 strain 294 transformed with pGH6 (ATCC
‘No. 31539). | | | S
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,
g | transformant §_._ goli cultures may be grown up in aqueous
media in a steel or other fermentation vessel conven-
tionally aerated and agitated, in agueous media at,
30 e.g., about 37°C and near neutral pB (e.g., PH 7% 0.3
supplied with appropriate nutriments such as carbo-
hydrate or glycerol, nitrogen sources such as ammonium
sulfate, potassium sources such as potassium phosphate,
trace elements and magnesium sulfate.
35 Transformant organisms preferably exhibit one or more
selection characteristics, such as antibiotic resistance,
so that selection pressures may be imposed to discourage




—~,n the Arerican Type Culture Collection (ATCC No. 31537) Deposits of the
fol | ow ng were made in the Arerican Type Culture Collection July 3, 1979:
smd pBGH O7 (ATCC No. 40011); plasmid pGH6 (ATCC No. 40012); 20 strafn
76 transformed with pHGH 107 «@@kCC. No. 31538) and E. coli K12 strain 2294
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o onrOEGARENN 23K fnnBLoRIR Ml BEDEIGETRE, the HangibAtiGR o) 07
ti onahbylhmatod selecd tonbdwmrd-]etymLT:grzdlnzt which: Iack athvet [ ERR|
an n ut RR]- supplied with appropriate nutrinents

h g é&iﬁ%%fgcg?'&p?é nitrogen sour.ces. such.as amoni um
sul fate, pUpxesi ccll@imttonsum ﬁermmte:hnpkhsphoa‘.entwbelu-errents and

oo BB foh I cenrr UAIFAE" FHT ol SBR PR AR ?E’i??g‘.s i it
sel eccodliwtsﬁumlkayhk bm&kﬂﬁ mmbulnged by physieabiorive growth
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| on’ Sephacryl 8-200: (3) jon exctange ohromatography on

15 Bioe-rex-70 resin or CM Sephadex; (4) ammonium rulphate

| ‘and/ot PB fractionetion: and (5) affinity chromatography

‘using antibody resins prepered frea anti-HGH IgG isolated'

from immunosensitized animals or hwbridomes- and desorbed

" under acid or ‘slightly denaturing oonditions..(“Sephadex”
20 "Sephacryl” and "Bio-rex" are '.t'rads Marks. |

Parent Applicat:l.on No. 8021860 (GB-A-Z 055 382)
I_descrlbes and claz.ms a method of construct:.ng a repllcable

cloning vehicle capable, in a microbinl organism, of
expressing a particular polypeptide of known ‘amino acid
25 sequence wherein a gene coding for the polypeptide is ,
inserted into a cloning vehicle and placed under the ip
control of an expression promoter, which comprises . ° ' v

'a) : obtaining by reverse transcrip-
tion from messenger RNA a first gene
30 - fragment for an expression product other
~than said polypeptide, which £regment" -
comprises at least a portion SRS
of the coding: oequence for said poly.'jf
Peptide- - e :



fractionation; (2) gel filtration chromatography on Sephacryl *S-200; (3)

i on exchange chromat ography on 15 Bio-rex-70 resin or CM Sephadex; (4) \
amont um sul phate and/or pH fracti onatd gea and (5) affinity chromatography
using anti‘body resins prepared fromanti-HGE 1gG isolated from ;

I )Jmmunosensitized animal s or g tybrd . angl. o] er ' _slightly
d&rat ur i ng conditions. (" SeBhadé';ﬂ%rgghéeg*giﬁy?ngﬁﬁa%FMiPéﬁe Tr ade
I\/far ks. 1 Par eRt dAp]LoI_ i caprot dbn-abR ea@ll_.()gl}oﬂedlpﬁﬁﬁ_ , $02) aminoi mcsidind
clainms a nethod of co | c e, ina
m cr obi al organism o?ig%fééglgng égg’fr{?gh;gr %gge&%@gﬁ%% m no
acid 25 sequence whersadd podypepitideq elbdmbhagdng dehes samerted
into a cl@ning vehicl g I t cont f an expression

pr onot er, %v\,hi ch corrpr%fe}sqq'g Qﬁ%%“f*ﬁ‘%’b% eggris’é&t rganscri p- tion from
nessenger RNA a first pergizn of saidraeoding fsequence;ctheteroduct

ot her than said polyp hdea, ' m@ﬁ' t : ortion of
t he codi ng sequence fgé)&%gi d‘%ﬂ*ghg&ﬁ?ﬁgk - gggiﬁbﬁbaaﬁ?erafe he first
' ﬁggrrent conpri ses prodBi eXREEBSfosvdproOdwe tarpbberi Shamusadd ot her

oy e fetaining at I eds EEPepRAERED I T & Rgt sequence. the re- sulting
f fagment Adver thRecpr edyiak) o8 shepxpmisabn Whesrtregudredanssenr (b)
pol ypeptide; 1@eihlee &' TRédmehtSiERcodBinY 1888 THEAUa120.08 ERe( imino
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