SOVATOTROPI NS W TH ALTERATI ONS IN THE ALPHA- HELI X 1 REG ON, AND

COMBI NATI ONS W TH OTHER MUTATI ONS BACKGROUND OF THE | NVENTI ON The present

i nvention relates to somatotropi n anal ogues with am no acid changes in the
al pha-helix 1, alone or in conbination with nutations with the al pha-helix
3 and/or al pha-helix 2 portion of said somatotropins and to nethods for
produci ng the changes in the al pha-helix 1, as well as other regions, of
reconbi nant | y- produced pol ypepti des or proteins. Administration of
exogenous sonatotropins significantly increases the growth performance of a

vari ety of aninmals, |nsgg5i gg#ﬁinglWEEQO§£22%E@@6%§HE§1ﬁgbsmnne but
also fish speC|es gr O enhancenent in |ivestock
in particular is u4 i MBI e mass

accretjon concon1tant mnth a dec gﬂgg MUT&@QQN@esuItlng in larger, |eaner
animals. The feed efficiency of aninmals receiving exogenous sonat ot ropin

also is significantly inproved, resultlng fron1an |ncrease I n wei ght gain
and a concom tant decr easeB? < ‘ adm ni stration

of somat ot r opi '?he [ grgggh@veqn%nﬁvoq{al rggessu% asg ‘?ﬁ%ar(n n‘%ﬁ?t i ons.

In certain I ns her routes tration
may be prefapadeguesFyithi asiapcacidaghanges in the alpha-helix 1,

alone or in combination with mutations with the
alpha-helix 3 and/or alpha-helix 2 portion of said
somatotropins and to methods for producing the changes
in the alpha-helix 1, as well as other regions, of
recombinantly-produced  polypeptides or proteins.

Administration of exogenous somatotropins significantly
increases the growth performance of a variety of
animals, in particular livestock animals such as swine,
but ‘also fish species, as well. This growth .
enhancement in livestock in particular is usually
characterized by an increase in muscle mass accretion
concomitant with a decrease in fat, resulting in
larger, leaner animals. The feed efficiency of animals
receiving excogenous somatotropin also is significantly
improved, resulting from an incresase in weight gain and
2 concomitant decrease in feed'éénsumption.

Exogenous administration of somatotropin is
achieved in several ways, such as daily injections. 1In
certain instances, however, other routes of

administration may be preferred. For instance, an
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somatotropin in primary sequence, exposure of the
hydrophobic face of a-helix 3 (from amino acid residues

tyrllo to 1eu127) .
excess of 1 ng/ml promotes the formation of

under protein concentrations in

"associative intermediates®, which are hypothesized to
be a nucleating event in aggregate formation (Brems et
al, 1986; Brems, 1988). These associative '
intermediates may represent alternate packing
arrangements of this o-helix from several individual
somatotropin molecules, resulting in a multimeric
structure in which the hydrophobic faces of this helix
are resaquestered from the acueous environment.
Formation of: the associative intermediates can be
blocked by addition of an excess of a protein
fragment-containing o-helix '3 (Brems, et al, 1986). 1In
addition, extending the hydrophobic face of this helix,
by replacing lysine at position 112 with leucine,
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where appropriate, with mutations in the helix 1 or
helix 2 regions, and with double mutations in the DNA
encoding cysteine at positions 183 and 191, where DNA
encoding cysteine is replaced with either alanine or
glutamic acid encoding DNA. The double mutations at
positions 183 and 191 are described in EP355460,
incorporated herein by reference thereto. Through the
use of the mutations disclosed herein, somatotropins
with enhanced solubility (stability), and thereby.
enhanced properties for sustained release, are
provided. Porcine somatotropin is particularly useful
in a sustained release form, and as such 1is a
somatotropin of primary interest.

A particularly useful example of the present
mutation is mutation I122L, in which the isoleucine at
position 122 in o-helix 3 is replaced with leucine. 1In
combination with other mutations at positions 183 and
191 where the cysteines are replaced by alanine, a
significant increase in the transition temperature of
the protein's single tryptophan rasidue is obtained.

The transition temperature is a measure of the thermal
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i s achi evedtiheernslender 11ne represents the 5!' and 3' flanking,
non~-coding DNA sequence. Regions of rpST gene subject
to site directed mutagenesis are numbered and indicated
below the restriciton map, in which number 1 represents
DNA encoding a-helix 1, number 2 <represents DNA
encoding a-helix 2, number 3 represents DNA éncoding
a-helix 3 and number 4 represents the DNA encoding the
cysteines present at positions 183 and 191. The
letters above the map denote the location of various

restriction endonuclease restrictidn sites, in which'
RI=EcoRI, N=NdeI, B=BssHII, S=Sacl, X=Xbal, Sm=Smal and
H=HindIII.

FIGURE 2: Structure and restriction map of plasmid
PEFF-902. This rlasmid containes the pBR322
replication origin (Ori) and ampicillin resistance
gene, the AP, promoter, the cII ribosome binding site
and cI repressor gene from bacteriophage ), the Tsz
transcription terminator from the E. coli rrnB operon,
a 60-base pair sequence from the deo regulatory region

without promoters, and the rpST gene denoted as pGH.
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The translational initiation codon for rpST is embedded
in the Ndel site. Expression is driven by the AP
promoter.
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FIGURE 5: Structure of yeast expression plasmid
Y£p352-pST—IlizL. This plasmid is a derivative of
YEp352 and contains the rpST mutation, IX22L, whose
expression 1is driven by the inducible GALl/GALl0
promoter from S. cerevisiae. The 3°' untrénslated DNA
is derived from the yeast STE7 gene. The 2 um element
supports plasmid replication in yeast, and the URA3
provides a selectable marker for the transformant
“selection in -VYeast. This plasmicé alsd carries the
PBR322 origin of replication (not shown) and the
ampicillin resistance gene.

SUMMARY OF THE INVENTION

The present invention relates to somatotropin(s)

with amino acid sequence changes in the a-helix 1



somatotropin molecule may be combined with the present
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selected - from the amino acids, arginine, 1lysine,
aspartic acid, glutamic acid, asparagine, glutamine,
histidine, alanine, glycine, isoleucine, leucine,
valine, phenylalanine, tryptophan, tyrosine,
methionine, serine, threonine or proline; or in which
all four cysteines are converted to cysteic acid.

It is an object of the present invention,
therefore, to provide novel somatotropins which are
more soluble than the native form of the molecule and
~are thus biologically effective when formulated,
preferably in sustained release formulations. It is a
further object of the present invention to provide
size~directed mutagenesis technigques for making the
somatotropins - of the present invention, as well as
other recombinantly—péeduced polypeptides and/or
proteins. These and further objects of the invention
will be apparent by the following detailed description

of the invention.
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speci fical 14048 sandt oPESFrA920f (ARCGHr crwamper nvdREi8d) «i nclXkle hsiman,

bovi ne, pPOrgd#8yn 2¥éA0pyCeRbsRE sIGAURE i | Sfle aRGLAHAE SHBLOt HRRENS.
Further, the term somat0tropi n enconpasses dgl etions, addjtions and

al ter ati on<S3D BEhEPSESTEoAIEY ahe FBPFORTiBhE: SOMFRST RN cBYFEER  For
i nstance, nosli fopdaiaubshiet utsthaiotatdpinEt edf cy ghel nenverit et i vati zed

somat ot r opi | 0. whi c ne to four of the cysteine am no acid residues of
sai d somat o%rl?%%?hoﬂ?e&)gﬁﬁg%éd by fromone to four am no acid.residues,

separat el y sel €EhedE.f qohi tKk2 bacteriadi dstraingi expeesdirsy nepmaspartic

acid, glutaggc agbd ng58%" aghifa19! Ybddt®Rropins of the present
invention also were deposited in the ATCC on Audgust 23,
1988. The bacterial strains include E. gcoli strain
1655 (ATCC number 67762), 1655/pROpSTA34 (ATCC number
67763), 1655/pROPSTE34 (ATCC number 67764), 1655/pROpST
(ATCC number 67765), 4200 (ATCC number 67766),
4200/pROPSTA34 (ATCC number 67767), 4200/pROpSTE34
(ATCC number 67768(, 420/pROPST (ATCC number 67769),
4255 (ATCC number 67770), 4255/pROpSTA34. (ATCC number
67771, 4255/pROpSTE34 (ATCC number 67772), 4255/pROpPST
(ATCC number 67773) and 4300 (ATCC number 67774).

The following E. g¢oli K12 bacterial strains also
were deposited in the ATCC on September 21, 1990.
These include pROpST-SXE-Q21HH22R  (ATCC  68410),
PROPST-SXE-G121A (ATCC 64811), pPROPST-SXE-A6TS11R (ATCC
68412), pROpST-SXA-S81, 87L + I122L (ATCC 68413),
PROpPST-SXA-S81,87L (ATCC 68414), PROPST-SXA-L82, 84Q +
L115X (ATCC 6&413), pPROpST-SXA-L82, 84Q (ATCC 68416),
PROPST~-SXE-I122L (ATCC 68417), PRODST-SXA-I122L (ATCC
68418), pST-SX (ATCC 68419), pROpST-SXA-L118E (ATCC
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They are mismatch. The region of mismatch is usually located in
the central portion of the oligonucleotide. In some
instances, the ©oligonucleotide also <contains a
restriction endonuclease recognition site at or near

| euci ne, valine,
HINWENTION seri ne,

the site of the mutation(s). The annealed mixture is
then made double stranded and covalently closed by the
addition of E. coli DNA polymerase I, large fragment
and deoxynucleotide triphosphates in the presence of T4
DNA ligase and adenosine 5!' triphosphate. The double _
stranded DNA is then transformed into an appropriate E.
coli strain where the mismatched region of the DNA is
repaired and replicated.

Two populations of clones are obtained. Depending
on which strand is chosen as the template for repair
synthesis, a2 clone either contains the wild type cr the
altered (mutated) sequence. The clones w’nic_:h contain
the mutated sequence, that which corresponds to the
sequence of the oligon_ucileotide, are salected by
hybridization to the radiocactively-labelled
oligonucleotide. Due to mismatch between the
oligonucleotide and the wild type sequence, the
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(ATCC 68413%én Eg%S%hSXA=S81{%Q%é;ﬂ' 68414% 92&E§g'$u -L%%, 8% .+ LI 15K
( ATCC 684155: E SFUEkA S # R $349%) YepREy SPUEXBOF1 B9 - ATCC
68417), pROPBIsSXacoh2HrycATam 684 18rhip¥EASHY ASEANGRAdIsubcloning
PROPST- SXA- L LEBEQLELEC
In the following discussions, recombinant porcine
somatotropin is selected as representative of the
modified recombinant somatotropins of the present
invention and the methods employed for  their
preparation. Further, the following description and
examples are illustrative of the present invention and
not limited thereof.
The DNA and amino acid sequence of recombinant
porcine somatotropin is provided hereinbelow. The most
preferred recombinant porcine somatrotropin is a
polypeptide sequence of 193 amino acids, in which the
NHz-terminus has been modified to include 3 additional
amino acids (met, asp, gln) and a deletion of the first
amino acid (ala) found in some mature forms of
pituitary-derived porcine somatotropin. However the
191 amino acids PST as ‘well as other derivatives
thereof, such as deletions at the NHZ—uerminus,

additions 4Lhereof, and/or deletions and/or additions at
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68420) , PROPST- SXA- E119L. Q1 Afids—alarpherCOOH  g8421), pROPST- SXA- | 122E
(ATCC 68422) pitR@ratyS¥STVIL26A NHAFG) $8¢Ra)pabdalBons s IEMGTS1IIR + | 122L
(ATCC 68424). DETAI LED DESCRI PTI OF iI'HE _ggg ON The ani nal

somat ot ropi ns of the present i eI o arR ed by site directed

nmut agenesi s, Thuits omnéifi:eanioaumeavsltaemnala ynegnt heskeang td oyt i des

and/ or protei 283 1! gggpggh%xgye?ciasprﬂgughgg %@pﬁ%ﬁ@%@ otein

Currently- ut|I|z ues tor the alteratio ence of a
cl oned segneffdof %)Nﬁ?eeﬁcrd-b@ﬁbcﬁﬂl cEH3PPAEQ -si t TheeiimkeX irg prsé@lfﬁ?t“l on of

a singie strangadyed M oh t ke DNAescrifpr ivmgl e£st remded niAgeniguzeal ed
to a syntheti,c_qligqnucleotide which.s COﬁ'p| ementag_ﬁy to ! rtlon of t hat
RN

DNA except tﬁ&Fl‘tvﬁ Y18 gom? eoﬁ%ﬁo%:}f?%? wWPPREH

m smat ch. Theefdgicts ofthisnedditionalal Iindremted | andhexsentelaaslllportl on
of the oli 90%?5@'1‘3%@ g,ry ng g) ﬂiﬁﬁé‘?cgﬁulehhﬁn £+l ggrucl eoti de al so
cont ai ns strictron onucl'ease recognitionsite “at “or near the site
of the mutation(s). The annealed m xture is then made doubl e stranded and
covalently closed by the addition of E. coli DNA polynerase |, |arge
fragnment and deoxynucl eotide triphosphates in the presence of T4 DNA |igase
and adenosine 5 triphosphate. The double stranded DNA is then transforned
into an appropriate E. coli strain where the m smatched regi on of the DNA
is repaired and replicated. Two popul ati ons of clones are obtained.

Dependi ng

LY



ATG GAT CAA TTC CCA GCC ATG CCC TTG TCC AGC CTA TTT GCC AAC 45

on which st I”f’ilhcf".l

"scb'htfé'én’;a?s MAd e PPt FOF SFEPHY PRYM'Aes!s, a clone

either contains the wld type or the al tered® (mut at ed) sequ%ce The

sequence of ,the,

clones whi cliceofiate Ihg ol 2680 2°4VE
&l LOPNYS! POl 4

t he radi oactivel y-Tlapgl
bet ween t he ol i gonucl eoti de
radi oacti veliyel aRebhed 19l igordel @t rde i 606 &ast 6dl ¥abourdri® thesscl ones
whi ch cont aitgetdie U 2h@ds ceguenca. thRcuabrorsiat ¢en capegptyat e
tenperature therefore diszsimnates betweemawi | d type and nus at ed cl ones.
In cases in which the oligonucl eotide also contains a restriction :
endonucl easéce| Ry aye At €6C CAR gt 66 UC Eahditdales SAe|AsGesTc Wi t4P the
cognat e r éstritet Fbm Aendbhrudheasle révetdies Ces dMessSerhicth dontbé n t he nut at ed
sequence and provides another neans of diséfiminating betweéh wild type and
nmut ated clones. The alterations in the identified clones then are confirmed

T OFC tATE FRA MOENEAG SAF OHE CLEAE L84 SRS fT*&ghtht s ®%° pl asnid

by DNA sequéﬁﬁl

ciones contai"Aitd At ""'dg
expression plasmds suitable for expressin

el ther bact %rtacr%r YERL (PHG ROk LD

Leu geu Arg

st andard suQQ

CCC GT6
Pro Vval

GGC ACC
Gly Thr

GGC ATC
Gly Ile

GCA GGA
Ala Gly

T1G6 CGC
Leu Arg

TGC TTC
Cys Phe

ATG AAG
Met Lys

CAG
Gln

TCA
Ser

CAG
Gin

CAG
Gin

AGT
Ser

AAG
Lys

TGT
Cys

TTC
Phe

GAC
Asp

Gece
Ala

ATC
Ile

GAT
Asp

AAG
Lys

cGc
Arg

Phe Ser Leu Leu

80

cTC
Levu
95

CGC
Arg
110

cT6
Leu
125

cTC
Leu
140

GAC
Asp

AGC
Ser

GTC
vat

ATG
Net

AAG
Lys

GCG
Ala

155

GAC
Asp
170

[ 4
Arg
180

cT1G
Levu

TTC
Phe

AGG
Arg

TAC
Tyr

CGG
Arg

CAA
Gln

cTG
Leu

CAC
His

GTG
val

GTC
val

GAG
Clu

GAG
Glu

ACC
Thr

cTT
Leu

AAG
Lys

GAG
Glu

& chlake rCIchocrA egponds JO the

ko uasr €ed %CE?S’ QX VP A'IS“AZs%t'nPﬁ _
oli gonucl egki Due 'tg, m smat ch
and the wld type sequence, the -9 -

rEY A5Amt ét?‘o‘ng§7 “thab® Sefetdnithucted  into

g the mutant gene product in
ertMh e 'GEOPSE THEd b e achyeved by
Leu fle Gln Ser Trp Leu Gly

85 90

TTC ACC AAC AGC CTG GTG TTT7 318
Phe Thr Asn Ser Leu Val Phe
100 108

AAG CTG AAG GAC CTG GAG GAG 360
Lys Leu Lys Asp Leu Gilu Glu
11§ 120

CTG GAG GAT GGC AGC CCC CGG 425
Leu Glu Asp Gly Ser Pro Arg
130 135

TAC GAC AAA TTT GAC ACA AAC 450
Tyr Asp Lys Phe Asp Thr Asn
145 . 150

AAG AAC TAC GGG CTG CTC TCC 495
tys Asn Tyr Gly Leu Leu Ser
160 165

GCT GAG ACA TAC CTG CGG GTC $40
Alsa Glu Thr Tyr Leu Arg Vval
) 175 180

AGC AGC 76T GCC TTC 57%
Ser Ser Cys Ala Phe
190
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procedures. iish tpreeparedw iﬁgd@i SEGEMIZ r B¥&nhikMNt sSpEeci e raatadt ropi n
is sel ect ed - JfHESAN! at '(onﬁ n&heorfod't‘fﬁ@d ﬁ@f@ﬁﬁéna@on&%@éﬁdﬂp' ns of

t he present |nvent|on and thelr

prepar ati on. (FPST) (FRARe intR *%réﬁ IW%@”‘H@SEFFHFP&H féﬁd é’)@éﬁﬂte’s“‘-’arlé“
illustrati vq:@fsm&nsz ,preignt adperé@n Y nehel i NEsEUowfgeoigendi@IDNA and

am no acid s uen nbi_nan olrp LS pr.Qyi

her ei nbel owP ? prgf gFF@FeP%C ?T% hgﬁt mi‘c?’rfél %nﬁbﬁotﬁ%ﬂ&% a

EOl ypepg! ]gle mgmme;oﬁaﬂ@ﬁ;zgmo (apisy), gana/hu.sh i(M%a\\H[aér lf]rctna)rtrhmgs has
een nodi fi u 1 , a
del etion of %}éﬁﬁi{%t g’?ﬁﬁ% acdla ?Eﬁzf;ao néjg%rrg9 né:t]%%gr qéﬂr msltal'{|

pi tui t ary- ddhe chespoiethen evFyMGS aﬂéwéi'-‘emdliﬁe (Fdgurgnilo aci ds

PST as welgne agps®pt B@he-é@h‘t&%ﬁ\‘@s thegReht isSUERenapurdelied gy at
the NHerr]- term nus, fltlons t her eof , and/o del eti gns ar}fi/or addi tions
at the COGRRR4 et SIECHEARNORESAGm DL ShEaniste R on.

Reconbi nant NV ptiEMesiz)(£agt - bs p-dilgespthed pmwai-t aEﬂ:&&Iammd HindIII,
o012l o D SR B e Pl essa DA bl e AR AUl 10
and the large fragment purified by agarose gel
electrophoresis. The two purified fragments are then
mixed together and ligated with T4 DNA ligase.. The
mixture is -transformed into bacteria and several
resultant colonies grown. Plasmid DNA is prepared by a
standard alkaline 1lysis method and the structure
determined by digestion with appropriate restriction
enzymes. A clone 1is isolated which contains the
expected fragments and is designated pGHGEM3Z.
PGEMBST-SX
The aim of this mutagenesis is to create an
rpST DNA sequence in which the DNA sequence encoding
a~helix 2 is bounded on the 5' side (from positions
225-230 of the DNA coding region) by a SacI restriction
site and the 3' side (from positions 285-290) by an
XbaI restriction site. Thesa alterations in the DNA
sequence do not change the amino acid sequence of the
rpST protein. The presence of these restriction
endonuclease cleavage sites results in the creation of
a "helix 2 cassette!, so that mutations in the helix

2-encoding DNA can be conveniently and rapidly combined



EXeL— LiNA seducilives UL syhvnevlic
addi tional @kkgPnrglretideheSpreddMi ramd EIRILFSH canead@sioridesicrimed in
EP355460. Hhgrrl @ersﬂﬂg§¥55€%%@@d0y;§ﬂictﬁ3zt BRA 4eSGHLId st Litet hE

mut ageni zed erivatives of QCO I nant EOI’ Cl ne . SOfTB.t ot ropin
reflects thi %dEH‘E?QﬁféﬁS}%CFEQSéS ARPPAr A sFFomapyriidd as) phipge by
practiti onerstsiddadl p:ﬂotdwonst 200Beahb HathiLobNANd s SAMEDIWDEh N ATG

Vet Acp G n I T S Fh(THE STER28d B BT I ipopyeieotice, P

5 both of th.CIiChaVG "baen phosphorylatiedie GIE LF G CABBEC CAG
CAC CTG CAC»%CI@%E t%.qé:h hat da Arg Al a
Gn Hs Leu Hs d neLeu a Ala gsphate and T4 %ﬂﬁ!yﬂog de

30 TAC AAG Guknasier G@wl&erme%mmm &paacAotadc vidame of
135 Tyr Lys 13 LhIPh@'x Qx a‘)ixiha?iﬁuJYBufk’érPf(QxGa%n@aMl(ﬂﬁ; ey risS s

30 AA GCC, TIC TGC, TTC TCG
GAG ACC ATC ™ KC1 and m%o §éfoé$e @Cﬁ% APEXEREepHES oys Phe

Ser G u Thr Héat&d at 65°C for 7 minutés followed by a 10 mif@t&CG GCC

Wa Pro Thr BSPRERpas FipE it RiT, | anig, proceaure?0 PO

70 permits the 7o) igenuegirctidesC taTenneslCT CtheCcTsingle CAG TCG

TGG CTC‘333stranded substrat@ Qﬁéﬂﬁlhéép BRA . PhantRialll! h8lebBYesl e AN
Ser Trp Leu GIG

g 90. CCC
CAG TTC CTC %Eé %WWA@M@%@C*@T@WW closed, doublej)g

stranded DNA by the addition of 22 pl H o, 1 gl 20 mM
ATP, 2 units each of T4 DNA ligase, and DNA polymerase
I large fragment (for unit definition, see New England
Biolabs catalogue, 1989), 2 pl 20X dNTP's (a mixture of
the four deoxyribonucleotide S5' triphosphates each at a
concentration of 2 mM) and 4 pl 10X "f£ill in" buffer
(1X £ill in buffer is 27.5 mM Tris-Cl, pH 7.5, 15 mM
MgCl,, 2 mM DTT). After a one hour incubation at room
tenmperature (RT), half of the reaction is introduced
into HB101 competent cells by a standard protocol.
Single colonies are apparent after overnight incubation
at 37%. Plasmid DNA 1is prepared by a standard
procedure from 24 colonies, and digested, in separate
reactions, with SacI and Xbal. Plasmid DNA's
containing both restriction sites, which indicated the
incorporation of both the SacI293 and Xball53
oligonucleotides into the rpST gene, are further
purified by introduction into HB10l competent cells as
described previously. Plasmid DNA 1is prepared and



plasmld UNA, whilch 1s then confirmed by DNA sequence
Pro Val d rrilydiesu Sertie grabévihe Thgibdne S& tiey AAET Rivea 95

100 105 CGC ACC TCA GAC CGC GIC TAC GAG AAG CTG AAG GAC
CTG GAG GAG 360 Ay Thr Ser Asp Arg Val Tyr Gu Lys Leu Lys
Asp Leu Gu du 110 115 R 120 GGC ATC
CAG GCC CTG ATG CGG GAG CTG GAG GAT (GCC AGC CCC CGG " 405 dy
lle An Ala Leu Met Arg Cu Leu Gu Asp Ay Ser Pro Arg 125

130 135 GCA GGA CAG ATC CTC AAG CAA ACC TAC GAC AAA TTT
GAC ACA AAC 450 Ala Ay G@n Ile Leu Lys. A n Thr Tyr Asp Lys
Phe Asp Thr Asn 140 145 150 TTG
CCGC AGI GAT GAC GCC CTG CTT AAG AAC TAC GG CTG CTC TCC 495
Leu Arg Ser Asp Asp Ala Leu Leu Lys Asn Tyr Ay Leu Leu Ser 155

160 165 TGC TTC AAC AAG GAC CTG CAC AAG CCT GAG ACA
TAC CTG CGG GFC . 540 Cys Phe Lys Lys Asp Leu His Lys Ala Gu
Thr Tyr Leu Arg Val 170 175 180 ATG
AAG TGT CGC CCC TTC GIG GAG AGC AGC TGT GCC TTC 579

Met Lys Cys Arg Arg Phe Val Gu Ser Ser Cys Ala Phe 180

190 Construction of pCEMpST-SX DNA Single stranded pCGEMpST-SX DNA
is the tenplate DNA for all of the mutagenesis reactions and is prepared
frompGHGEMBZ DNA by site directed nutagenesis. Cloning of the porcine
somatotropin (rpST) gene into the phagemd pGEM 3z(f+), resulting in



Name Sequence (5'-3! Mutation
PGHGEMBZ,  ssz12ehi eVeGachVscakbfecriPld AW B0
fragment of xBuAssONt ai NicAgr {dte c RAAGKMBG RIE € ne 200BL QtEPsQ'eQ:ZrDST) gene is
i sol ated fromithe bact ermicatcxprassiceec pl asm d pEFF-§392 by cl eavage with
the restrictsisen enzynes tesoRircancroicned | | (Fi gur ggil)sze The -r pST .
gene- cont ai fieAd2f r agnentreeecirhecsqpectédaadrby aga(psaegel el ectrophoresis.
Doubl e stranded phagem ¢cPbhNAGSEEM 3z(f+) is digested with EcoRl and
Hindl 11, tr@&P8&P with cdlfriaspestdcaart@aoRl al kalsnassphosphat aserand t he
| ar ge fragrrent purified by agarose gel electrophoresis. The two purified
fragnents ard!fhen ni xedTtGffernEr*cAREGAGEGAt ed Wi thiSRA DNA |igase. The
mxture is tr1 sformed SO PATALTECCASHRESSever al LTE Ul t ant . col oni es gr own.
Pl asmid DNAN' btépar ed °6§/"é°éf%ﬁfdéf’tl*%ﬁ‘liél ine | ysisftadthod and the
structure deternined b e“éff?)crf with appropriate restriction enzymes. A

clone is expect ed fra nments and i s
desi gnat ed Qé&ﬁ\&% Q§"§ﬁ?§t this ﬁéfs’” ®*is to create an
rpST DNA sequence in vvhlcg L c @ gquence encodl ng 'f'] helix 2 is

bounded on tehge5' side Q:f:iﬂﬁ‘cﬁ@t.sdatc'c%‘&c%gé 230 of,4f1e DNA coding region) by
a Sacl restnriigbion sitealébalcbeccIscbgl@chlr om pogiijons 285-290) by an Xbal
restrictionasete TheseasddceraddaRassidtrkbe DNA geggpence do not change the
am no aci d seogsenvaei1ef thecrISdcacahOéanscacddts LPisesence of these

restriction endonucl easacct wavagssshtaacr esults in the creation of a "helix

2 cassette" E1830 t hat nuttartwgsasarceheadsshe X L115E construction probe
L11SA CTACGAGAAGGCGAAGGACCTG
L118A GCTGAAGGACGCGGAGGAGGGC
L1187 CTGAAGGACA(CA)IAGAGGAGGGCAT L118x
L1187 CTGAAGGACACTGAGGAGGGC L1187
L117,121 GAAGGACCTGCTIGGAGGGCAT E119LQ123L

CCTGGCCCTGATG

Leul171210 CCTGCTGGAGGGCATCCTGGEC E119LQ123L probe
K114R/Acecl GACCGCGTATACGAGCGTCTGAAGGA X114R
Gi121A/xXnnt CTGGAGGAAGCTATTCAGGCCCTG G121A
Ki16Rr/8¢g111 AGAAGCTGCGAGATCTGGAGGA X116R

Al4D/Hindlll CCTTGVCAAGCTTATTTGACAACGCCG A4D

AST TCAATTCCCAACCATGC AST
S11RA140/Sal ATGCCCTTGAGTCGACTAT

TTGACAACGCC S11RAT4D
G21HH22R/Clal CCGGGCCCATCGATTGCACCAA Q21HH22R
Pvullé3s AGAAGGCAGAGCTGCTGTICCAC 1122t

PCR

-
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2- encodi ng BRE 5 bésco%c\’/e ieé’rﬁ’iayteananr aﬁ?ﬁ?y I%%lﬁcf‘hleed t:h"“\t/-‘vi t)ha%pparopri ate
mut ati ons i dedreased enteddapciel ite 3. aghregatet r Lat | ohigh pEEMESEISX is

described beldihentitationdNA (51005 CIHEPRES . L focRynthelic ¢
ol i gonucl eot | desenSacI 2’9%n and (>><bal 353 grpe 2escr i%tgd, [ noTa 1 e % Si #gﬁ e

stranded pGHESMPPHRRLS sfage SdbNekix Por SRATGAMERP saghd TeSHRIAF ed from

purified phage byhséagHandonr GhLehs i2000106ved o PNArigighxedmi th 100
ng each of tthe Sacl.293 and al 353 ol gonucl eot | d%bo':égof whi.ch have been
phosphor yl at@f AP HATISR oh AP RIEE§HBRGOM & SSTHADHETSTS & Sartd T4

pol ynucl eot i1%s8 &i .naskecdilise ntheurpsSTs game aemplioyed aheokakncokdese aaf 10

[err]L in 1 ' uf 1 gﬂﬂgalig ffer:1s_ 1 5 MV
Tris-d, pé%@ﬁi&?’hg n%lg%ﬁéeél S _eataetﬂ .E'PEG g%éfcgﬁ%% nut'es
fol |l oned by %@tr} mymker | afubBinen anld oors 1dnper 48ur83, ( RF) OPPRFes

procedure p&idii¢get R910/FNMUEE£OELAAY t1h aﬁﬂeahtai?t-aeribaal Sortianded
substrate (tenpl ate) .DNA. Anneal ed npl ecul es,gre exi ended and converted to
covalently & e(?,m'%ﬁ?diﬁ e AR phyReFEAULSE; 111h dJhoengh, 33°

Herr]O 1 [cwowddsptthdriM#dP, rédsfdues eaald othtoudiA ligasef anbvihie
ot ol ogue.  FEIYSSer AT (ahaRIHRN T By | PR 70 aREY 51! B Of 2
deoxyri bonugtegani: 50ft r igmwsprelesudech that carsent Fargehedf ZXawm) and 4
[err]l 10X “hiddgdnbsiwf b2k GlYihi 13, | Bl s idudd B1M¥hFougnCas pH 7.5,
15 mi the hydrophilic face of helix 3 and helix 1 from
residues 6 through 11. Combination mutants are
generated by additional rounds of mutagenesis, or by
subcloning relevant regions. The basic protocol used
to obtain the L118E mutation and examples of all others
are hereinafter described. Variations in the basic
protoéol are described in the appropriate examples.
Preparation of single stranded substrate PGEMpPST-SX
DNA is precisely as described for pGHGEM3Z. The DNA
sequence of the synthetic mutagenic oligonucleotide
used in the construction of mutation L118E, E11l6, is
displayed in Table I and is phosphorylated at its 5'
end as described for SacI293. The annealing and fill
in reactions are also exactly as described for SacI283
mutagenesis of pGHGEM3Z. After introduction of half of
the reaction mix into HB10l1 competent cells and
overnight incubation at 37°Cc, the resultant colonies
are transferred to nitrocellulose filters and processed
for hybridization by standard methods. The E116



wiltil 7= P-AlP ana polynucleotlde Klnase.
MyQ [err], BybWiDIEptiaht eis acwerenbobt iatcubzElc otnatsXssmm {Expscatier e (RT),
P o | NS0t 88k Uod il WHAAHER, | B! B1EBMOLLANBR! SN LEL) BY o St andard

protocol . Single coloniés are appaf-enf after OVerni rActbation’at 37
[err]C. Pl&sRenhaydt' s s (OpP@fFareach by w/x) sfaﬂééld fratiewrr sefuom 24

col oni es, aadbdinQQSt%lWLEﬁ%Ql&QBﬁEDOﬂSISO Wid/h1 $aekt apgyaXoal .
(0]

Pl asm d d gontal nin restriction sites, Which'indicated the
i ncor por at i 8R £ rafjerla edShYORE>  and  Xbal 353 ol i gonucl eoti des
into the rpST gafieerabybiridizatimn, fike Bylitetrsodiid iwashedofbBlat

conpetent c as, de ev. ared and
di gest ed |niéé%§r§f€ r%glg‘é'{%l%%nsgém t:#négc ag%gv tsogé\l%? trFrJé) %?'é’sence of
each restri 8highYsintnuket iwaghesniia DNAC WITRE iBst 13¢h &;smrlammdwﬁy DNA

sequence anghksnsugf thg nt re s of RPST I
MJUTAGENI C QLI GONUGLEOT. EnliBrLUant resbht ‘*gi‘aaence gropetiya]

Mut at i on Sae}nzggmethane G#@ET C%A%@TC@I’ GRUTTERRR (ethy F‘Pﬁ?iéméé‘%et te
Xbal 353 tetreACEEECT GIEIRGAGZISCAGY V) sodildal | dode€psseulTat)l

-Sr%:%;ICTTGQI%g:deSJ.red temper:%.a:.Juz.8 7." 7eL incubation gAmperG-lt-.ur CECTCG
of this latter wash determines the specificity, as the
E1l16 oligonucleotide will remain hybridized only to
completely complementary clones. For the Elle
oligonucleotide, the temperature is 59.0°¢. After
exposure to X-Ray film, only those clones which are
completely complementary to E116 are observed. Plasmid
DNA is prepared from several of these positive scoring
colonies, reintroduced into HB101 and screened as
described hereinabove. Plasmid DNA from several.
positives from this second round of screening is .
prepared and analyzed by DNA sequence analysis; those
containing the L118E mutation are thus unambiguously
identified. The plasmid bearing this mutation is
designated pGEMpST-SX~L118E.

The resultant rpST gene clones containing the L118E
mutation are transferred intoc each c¢f two expression
vectors, pROpéT—sx and pROpST-SXA, whose cqnstructions
are described. The object of these constructions is to
introduce the rpST gene- containing the helix 2
cassette, defined by the presence of the Sacl and Xbal
restriction sites previously described, into a plasmid
vector designed for expression of the rpST gene in E.



of two different rpST genetic backgrounds. . One

08082 natur. gm%% res%ect 't%z @ﬂg %?%@0%0820

TTCTCGCAGCTGCAGATCCA L82, 840 detection probe
CTACGACAAGARRBRCRACEYE cysteine rpgiidyes mt POSltlonwweMC@R@GAGGAGGGC
L118E K2113’E&é60ther Sﬁ@l‘%@ﬁ%&ﬁ%@'&%me msteh&léKLéir%Eem

AGGAGGAGGGCAT K113E1160 E116 Prob
E116K120 }éﬁi 5@88&.&@@&? 1s %Asciiﬁ %ﬂﬁzﬁp&:i%é&é@ccare%g

E120 PlasoiAGBROPSIAAE & 4) contamQZaEn LE@GORB/HIindIII . .

GGAGGAGGECCE. ’ e GARAQEGCACCTGE
ML26A EllSEI\DEO;?ll%H;E Zoned,, %:’EAGAA GAAGGA SegcoORNE] %EEEH
AC( &0) GAGGA@%%&M@@A@IHﬁGaWeM caRyiesy erpdarpfRcgene, in | 115E

const ruct i owhfeRbehel ¥ encod ingCTACAGPEEIRAACRACTHSE1448hs 183

R g A e L TR A0 11

GAAGGACCTGCYlaesecCpaBitions. Et1otdmesL QEEfEEECTGNE3L§M&17121B

OCTGCTGRAGGRGAT PSS EECC
GACCGCGTATACGA%CT SnCipsnic, PROBUNZS. W oREolILA] Witn EeoRT octe
Gl21A K116RPBEI FANAIZEAAQCRnXRFCHEpAGRAXture and EgaRR ARdoSmad! | |

CCTTGTCAACCIRAThOEAGACCAHe YdAdk / AGQ?ector- contad{n¥Yld CECAGREAt G s
AGT Sl18A1486§§EleéTGCQFEEFAcmgeﬁgT reaction by agarose gel
electrophoresis. Plasmid pROpST-SX, which contains the
helix 2 cassette in the otherwise wild type rpST
background, is generated by ligation of the purified
ECOoRI/HindIIXI fragment from pGEMpST-SX. The ligation
mixture is introduced into bacterial strain N99cI. 1In
this strain, rpST expression is driven by the A PL
promoter, is prevented by the.presence of the wild type

) repressor. Resultant plasmid clones with the desired
construction are identified by digestion with the
appropriate restriction enzymes. Plasmid pROpST-SXA,
which contains the helix 2 cassette in the mutated rpST
gene, is generated from ligation of the purified
EcoRI/Smal vector. fragment from PpROpSTA34 with the
purified EcoRI/Smal fragment from pGEMpST-SX. The
ligation mixfure is introduced into bacterial strain
N99cI, and the resultant plasmid clones analyzed by
digestion with the relevant restriction enzymes to
identify the desired plasmid clones.

The L118E mutation is introduced into expression
plasmids PROpPST-5X and PROpST-SXA by cleaving
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SUBSTITUTION O YDROPHOBIC NO ACIDS OF HELIX 3
WITH HYDROPHILIC AMINO ACIDS THAT STABILIZE «
ELICES WITH MUTAGENIC OLIGONUCLEOTIDES

The members of this mutational class include
mutations L118E, L115K, L11S5KL118E énd L118EI122K. The
mutations are generated precisely as described for
L118E in the basic protocol. The resultant plasmids
bearing these mutations are designated pGEMpST-SX-
L118E, pGEMpST-SX-L115K, pGEMpST-SX-L115KL118E and
PGEMPST-SX~-L118EI122X, respectively.

The generation of the L115K mutation in rpST is

achieved precisely as described for L118E, except that
mutagenic oligonucleotide K113, displayed in Takle I is
used both in the mutagenesis and hybridization
reactions. This oligonucleotide alters the rpST
sequence so that the codon for leucine at position 115
is changed from CTG to AAG which encodes lysine.

The generation of the L11SKL118E mutation in rpST

is achieved precisely as described fro L118E, except
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which encodes 1lysine. This oligonucleotide thus

creates a double mutation in the rpST DNA sequence.

EXAMPLE 3
SUBSTITUTION OF HYDROPHOBIC AMINO ACIDS IN HELIX 3
W HYDRO LIC AMINO ACID
WiT GENIC OLIGONUCLEOTIDES
The members of this mutational class include I122E,
L118T, L118K and L115E. The plasmids bearing these
mutations are designated pGEMpST-SX-I122E, pPGEMpST-SX-
L118T, PGEMpST~SX-L118K and PGEMpST-SX-L11SE,
respectively. The construction of these mutations is
performed precisely as describéd for L118E except for
the oligonucleotides used in both the mutagenesis and
hybridization reactions, whose sequences are displayed

in Table I.
Mutagenic oligonucleotide E120 is wused in the
construction of mutation I122E (Table I). This

oligonucleotide alters the sequence of the rpST gene
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achieved precisely as described for L118E, except that
mutagenic oligonucleotide E113EHDQ116, displayed in
Table I, is used in the mutagenesis reaction and
oligonucleotide E113D, displayed in Table I, is used in
the hybridization reactions. The E113EHDQ1l16
oligonucleotide alters the rpST sequence so that the
codon for leucine at position 115 is changed from CTG
to GAG which encodes glutamic acid, and the 1leucine
codon at 118 is changed from CTG to GAG, which encodes
glutamic acid, GAG, which encodes glutamic acid, GAC,
which encodes aspartic acid, CAC, which encodes
histidine or CAG, which encodes glutamine. The variety
of mutationai. changes that occur at position 118 is
due to the fact that the mutagenic oligonucleotide is a
mixture of four oligonucleotides, generated during the
synthesis of the oligonucleotide. DNA sequencing of
the resultant plasmid clones that hybridize to the
E113D radio-labelled hybridization probe reveal that
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other possible mutations, L118T, at position 118.
Thus, this mutagenesis results in a single mutation at
position 11s8.

_ EXAMPLE 4
s ON_OF o) C_AMINO ACIDS IN HELIX 3

Wl YDROPHOBIC NO ACIDS USING
A MUTAGENIC OLIGONUCLEOTIDE -

The single member of this mutational class is the
double mutant, E1191Q123L. The plasmid bearing this
mutation, confirmed by DNA sequence analysis, is
PGEMpST-SX~-E1191Q123L. The construction of this double
mutant rpST géne is achieved as dasscribed for L118E
except that mutagenic oligonucleotide L117,121 is used
(Table I). This oligonucleotide alters the rpST DNA
sequence such that the DNA encoding glutamic acid is
changed from GAG to CTG, which encodes leucine, and the

DNA encoding glutamine at position 123 is changed from
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these mutations is performed precisely as described for
L118E 'except for the mutagenic oligonucleotides
employed and, if necessary, the TAC wash temperature.

The DNA sequence of the synthetic mutagenic
oligonucleotide used in the construction of mutation
L11SA, L115A, is displayed in Table 1I. This
oligonucleotide alters the sequence of the rpST gene
such that the codon for leucine at position 115 is
converted.from CTG to GCG which encodes alanine. The
L115A oligonucleotide is also used as the radio-
labelled detection probe in the hybridization
reactions. Plasmids containing the desired mutation
are distinguished from non-mutation-bearing plasmids
after nitrocellulose filters are incubated in TAC
buffer at 56°C. |

The generation of the L118A mutation in rpST is
achieved precisely as described for L118E, except that
the mutagenic oligonucleotide employed in both the

mutagenesis and hybridization/screening reactions is



the codon for leucine at position 118 is changed from

CUUL, ¢ S 1 o RS S T
OL1 GONUCLEOP %Ié o MRy S#‘ ?Bhg 515{&{9% Cig s“FﬁEP%/Lgég:&PEFi ons

L118E, L115Kn LI‘I@KL!?ngea'ndatllEﬁ Z2K. The npﬂ.asmds beerdeger &hds

preci sely as@asaidled ddi B%t henpaside é};&;ol ana%(i[ggsr esylgt ant
pl asmi ds bearing t hése mut at | ons are desi gnat pGEMOST- S L118E,
PGEMpST- SX- BEF3gnatedoRGRMpSSXrLdd8A6E and pGEMpST- SX- L118El 122K,

respect : vely. Thmegeggﬁfai-aanoﬁ; dtheth?l 51 264 atmuita tfor pslﬁ ize‘psmhileveg
precisely a scribe ar L118E xcet.ttrrut Lc oli ucl eoti de
0175 i 2pi AeR e HrdYeqty e S4RER e e dE LORE C SLEABE EhER,

hybri di zat i iber eautagenic olligonugiliqpivids eempdoyed t dirs bofth  thST
sequence Soﬁﬁﬁ% eg.mas d fo is ged sfrom CTG
to AAG whic ena&3 es %s?ﬁg E’Egg%gr%é%o eaﬂﬁ]g}lSKLl E mut aIsl on in
rpST i s achiPdrdd2pr SPhaee y SREUGRSE | bed displayest ineTadke I.tnhFhe

nut ageni ¢ ommmzc quqtqdiﬁxdilab?ﬁ% ailﬁ@i-ayﬁﬁel ﬁp's'mbkaqheh&eus;ed that he

Ut 0eTeS! 8 852 g 0! LASRAChIRL S5 HIRHAR: Joap ey duliolell o ! s
alters the rfp@"ﬁ s\élqne:m:d;@o whixth témcaodesnalaniheucMrtastiopoderirdmgl 15 i s
changed fromGERids are detected by incubating the nitrocellulose
filters in TAC buffer at 56°C. The plasmid bearing
this mutation, confirmed by DNA sequence analysis, is
designated pGEMpST-SX-M126A.

EXAMPLE 6
SUBSTITUTION OF ISOLEUCINE 122 WITH LEUCINE
The members of this mutational class include I122L,
I122LL118A and Il122LM126A. The plasmids bearing these -
mutations are designated pGEMpST-SX-I122L, pGEMpST-SX-
I122LL118A and pGEMpST-SX-I122IM126A, respectively.
The construction of these mutations is performed

precisely as described for L118E except for the
mutagenic oligonucleotides employed and, if necessary,
the TAC wash temperature.

The DNA -sequence of the synthetic mutagenic
oligonucleotide used in the construction of mutation
I122L, 1.120-3, is dispiayed in Table I. This
oligonucleotide alters the sequence of the rpST gene
such that the codon for isoleucine at position 122 is
converted from ATC to CTG which encodes leucine. The
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| 122E (Tab'i'ﬁe Ig)enera-glon of the Il22IM126A mutation in rpsST is
achieved precisely as described for L118E, except that
the mﬁtagenic oligonucleotide employed in both the
mutagenesis and hybridization/screening reactions is
Al24~2, and the template DNA used for mutagenesis is
PGEMDPST-SX-I122L. The template DNA is prepared
precisely as described for PGEMpPpST-SX DNA.
Mutation-bearing plasmids are detected by incubating
the nitrocellulose filters in TAC buffer at 56°C. The
plasmid bearing this mutation, confirmed by DNA
sequence analysis, is designated pGEMpST-SX-I122LM126A.

EXAMPLE 7
SUBSTITUTION OF AMINO ACID RESIDUES ON THE

HYDROPHILIC SURFACE OF HELIX 3
The members of this mutational class include G121A,

K114R, and K116R. The plasmids bearing these mutations
are designated PGEMpST~SX-G121A, pGEMpST-SX-K114R and
PGEMpST-SX-K116R, respectively. The construction of
these mutations is performed precisely as described for
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The construct] tation L118T.i erfarnmed precisely as described for
[176E except $HAFSTRELSPHUGR, 140! nodeBEa, Bm, olie ns T iy siancad
hybri di zati onsor eha®ns ans XnhiIBT xeEhtiction  décsgnitgenucl €pgé de
alters the septle LpSy e; e, 0 or |l eyci at -
position 118 ?ssj i%%gé?%‘gf rgﬁq C%'gt (J)'ﬁgé%p\%%lgc etdgnégggsn?’&? egﬁgﬁe. asm ds
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bearing pl asradisiefénal t heclbbt 28! thladed idd enst akeshitubal &dhd Sy dAC
buf fer at 56[err%:§. The, generation of the LélS mutation in rpST IS
achi eved prectBefead r?PEd PERVYERESE, 96X t RFck§dmi-c The

ol i gonucl eot | @2 XAARENDOL B3 igdirmyllaediden Tdll e dlsbs sl i Nnakhe the

used in the Tiuteleddhidy! GCeRn (Piose” i ) Faigfefion '°

ol i gonucl eot i ¥RRAGFieRS, tWeiehSinsalleptberorelspeatise are identical to
those described above. Candidate mutation-bearing
clones are detected by incubating the nitrocellulose
filters in TAC buffer at 57.5°C and by assaying for the
acquisition of an XmnI site, which is present in the
mutagenic oligonucleotide and is therefore diagnostic
of the presence of the G121A mutation in the plasmid
clone. The plasmid bearing this mutation, confirmed by
DNA sequence analysis, is designated pGEMpST-SX-G121A.

The generation of the K114R mutation in rpST is

achieved precisely as described for L118E, except that
the mutagenic oligonucleotide employed in both the
mutagenesis and hybridization/screening reactions is
K114R/Accl whose sequence is displayed in Table I. The
K114R/Accl oligonucleotide alters the rpST sequence so
that the codon for lysine at position 114 is changed
from AAG to CGT which encodes arginine. This
oligonucleotide also differs from the rpST DNA sequence
such that an Accl restriction recognition site
(5'-GTATAC-3') 1is 1incorporated into the rpST DNA
sequence. Except for the K114R mutation, the
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DNA sequenci &Hem&astﬁéa?ﬁn h%%%&&hat cB%'%&&%ée ﬁfhtdifa E113D

radi o-l'abel |l e r|d| zatj on, probe revea t hat 'Iy cont ai n e L115E

nut at i on, butseriﬁ}ﬂi‘%rar’}ﬁlabfﬁll%f isdesignpbed BF@W S %ore R posi ti on
118. Thus, this 74 agereghtibASUbE S the ORLY6R Shiga€isH! dln oppet pasition

115. Th t, t he, L118K mut.at ST hi d i sel
descri bed T o BEREISETE, 2R ARSEHAD! | BRnu bR ABEr o X ERTE A Rnose
sequence i s ditepl apdmhgerniic ®dlilgonugleotsideiseziploydd@e inLJHs&EITK the
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position 118 IS anged from codes”lysine or from CTG to
CAG whi ch eddddfRyBarEorhnse spuepeeols paspilpviad |léb Tedrle He Mhsati onal

changes that ey Bl P0d1iguhddBedt £adU81terEheneaGipdthdeduthdaitsageni ¢
ol i gonucl eot Itque ISthe codon for lysine at position 116 is changed
from AAG .to CGA which encodes arginine. This
oligonucleotide also differs from the rpST DNA sequence
so that a BglII restriction recognition site
(5'=-AGATCT-3') is incorporated into the <rpST DNA
sequence from positions 342-347 of the nucleotide
sequence. Except for the K116R mutation, the
additional nucleotide changes do not result in changes
in the amino acid sequence of the rpST protein. Like
G121A, putative mutation~bearing clones are detected by
incubating the nitrocellulose filters in TAC at 57.5%
and examined for the acquistion of a new BglIlX
restriction site which is present in the mutagenic
oligonucleotide and 'is therefore diagnostic of the
presence of the K116R mutation in the plas*nld clone.
The plasmid bearing this. mutation, conf:.rmed by DNA
sequence analysis, is designated pGEMpST-SX-K116R.
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the mutagenic ollgonucleotldes are used simultaneously
in the mutagenesis reaction. The S81L oligonucleotide
is also used as the radio-labelled detection probe in
the hybridization reactions, which in all other
respects are identical to those described for L118E,
except that the filters are washed in TAC buffer at
54%c. Bacterial transformants carrying the putative
positive mutation-bearing plasmid clones are selected,
transferred to nitrocellulose filters and processed for
hybridization. In this secend round c¢f screenlna, the
S87L oligonucleotide is used as the radio-labelled

probe; filters are washed in TAC buffer at 54 Cc.

EXAMPLE 9 .
SUBSTITUTION OF HYDROPHOBIC AMINO ACID
RESIDiIES IN HELIX 2 WITH HYDROPHILIE: -
AMINO ACID RESIDUES

The single member of this mutational class is the
dcuble mutation, L82,84Q. The plasmid bearing this
mutation, confirmed by DNA sequence analysis, 1is
designated pGEMpST-SX-L82,84Q. The DNA sequence of the
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nitrocellulose filters are incubated in TAC at 58[err]C to detect
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PGEMpST- SX- ISBISA, pGEMpST- SX- L118A and pGEMpST- SX- ML26A, respectively.

The construction of these nutations is performed precisely as described

for L118E except for the nut ag!eni C ol i gonucl eoti des enpl oyed and, if
necessary, the TAC wash tenperat urées sequence of the synthetic

mut ageni ¢ ol i gonucl eotgoRS TRIRTTION (PP EBDIKr BCANDN HEf,IXuUtzat i on L115A,
L115A, is displayed "in T @%m%ucl eotide alters the
sequence of the rpST gene su euci ne at position 115
is converted fr @BvErRl o IGE%hi 3h swdatsions ani 1322LTheM12F3) and
ol i gonucl eotglg_eg_ i RS0 YRS e&%éﬁd'&tiﬁ?eldfﬁzrﬁet é0n Jyobe
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I n t he hybri di zat1 on reacti ons. Pl lasm contal ning the desired

nut ati on ar ENFERASR Ul BRI 3L hokhguddrapki¢ ngharaskeds of ttde
ni trocel | ul esRIFdgHY Ic ag@rFacdbyedhel i*AG batkercorb Hder wieh T

generati on ?IyérhoephLojbla‘?cA gg&%ci Ozp iC{'Ol{lPlSeT im%:t:zﬂ:.:i.on, S81,87L by the
following subcloning reactions. Plasmid pGEMpST-SX-
S81,87L is restricted with XbaI and EcoRI. The small
fragment is purified by agarose gel electrophoresis and
contains the S381,87L mutation. Plasmid pROpST-SXA-I122L
is also restricted sequentially with Xbal and EcoRI,
and the large fragment similarly is purfied. The large

fragment carries  the PROPST  expression vector -
components and the pST mutations I122L and the cysteine
to alanine substitutions at positions 183 and 191.
This large fragment, and the small S81,87L fragment,
are joined in the preéence of T4 DNA ligase and ATP.
Half of the reaction mixture is introduced into
expression strain 4300, made competent by treatment
with CaClz. Transformed cells are cultured overnight
at 30°%. Plasmid-bearing cells are assayed for pST
expression as described in Example 12; plasmid
containing this helix 2/helix 3 combination is
designated pROpST-SXA-S81,87L+I122L.
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| SOLEUCI NE 122 WTH LEUCI NE The nenbers of this nutational class include

1 122L, XAMPLE 11
SUBST ON OF HYDROPHOBIC AMINO ACIDS IN OR NEAR
ELIX W HYDRO C _AMINO ACIDS USING

MUTAGENIC OLIGONUCLEOTIDES

The object of these mnutations 1is to replace
hydrophobic amino acid residues found in the
NHz-terminal portion of rpST with hydrophilic amino
acid residues that are present in the same relative
position of human growth hormone.

Members of this mutational class include the rpST
double mutation Q21HH22R, double mutation S11RA14D and
single mutations A6T and Al4D. Plasmids bearing these
mutations are confirmed by DNA sequence analysis and
are designated PGEMPST-SX~-Q21HH22R, PGEMpST~-SX-
S11RA14D, 1pGEMpST-SX-A6T and PGEMpST-SX~Al4D,
respectively. The construction of these mutations is
performed precisely as described for L118E except for
the mutagenic oligonucleotiées employed, the incubation
temberature of nitrocellulose filters in TAC buffer,

and an additional screen for positive, mutation bearing
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described. All of the procedures used in the
construction of this mutation are as previously
described for L118E, except that the filters are washed
in TAC buffer at 56°cC. Also, candidate mutation-bearing
clones are assayed for the acquisition of a clal site,
which is present in the mutagenic oligonucleotide and
is therefore diagnostic of the presence of the Q21HH22R
double mutation in the plasmid clone.

The generation of the A6T mutation in rpST is
achieved precisely as described for L118E, except that
the mutagenic oligonucleotide A6T, displayed in Table I -
is used in both the mutagenesis and hybridization

reactions. The A6T oligonucleotide alters the rpST
sequence so that the codon for alanine at position 6 is
converted from GCC to ACC, which encodes threonine.
Subsequent to hybridization, the bacterial-containing
nitrocellulose filters are washed in TAC buffer at
52°¢. "

The generation of the S11RA14D double mutation is
achieved precisely as described for L118E, except that
mutagenic oligonucleotide S11RA14D/Sall is used in both
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i f necessaryprbhgntAC MRSheh€MPRGRRHERic oligonucleotide and is
thérefor.e diagnostic of the presence of the S11RA14D
double mutation in the plasmid clone. '

The generation of the Al14D single mutation is
achieved precisely as described for L118E, except that
mutagenic oligonucleotide A14D/HindIII is used in both
the mutagenesis and hybridization reactions. The
Al4D/HindIII oligonucleotide alters the rpST sequence
such that the alanine codon at position 14 is converted .
from GCC to GAC, which encodes aspartic acid. This
oligonucleotide also differs from the rpST DNA sequence
so that a HindIII restriction recoginition site
(S'-AAGCTT-3') 1is incorporated into the rpST DNA
sequence from positions 30-35 of the nucleotide
sequence. Except for the Al4D mutation, the additional
nucleotide changes do not result in changes in the
amino acid sequence of the rpST protein. Putative
mutation-bearing clones are detected by incubating the
nitrocellulose filters in TAC buffer at 62°c and
exanined for the acquisition of a new HindIII

restriction site which is present in the mutagenic
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ol i gonucl eot PROPSTAS4s DNA r pST %@qybncbysotreated and the large,
vector~-containing DNA fragment is isolated. These
purified fragments are ligated together with T4 DNA

ligase and transformed into an appropriate bacterial

strain, e.g.4300. This strain contains a temperature
sensitive ) repressor ‘-’ 7), so that expression from
the APL promoter is prevented at 30°C, but permitted at
42°%, at which temperature the repressor is
inactivated. Introduction of altered pGEMpST DNA
fragments into pROpSTE34 DNA is achieved precisely as
described for pROpSTA34. Introduction of altered
PGEMpST DNA fragments into pROpST is identical to that
described for pROpSTA34, except that both pGEMpST and
PROpPSTA34 plaémids are digested with EcoRI and HindIII.
Table II lists the bacterial expression plasmids into
which the mutated pST genes are introduced. pST
mutations A6T, S11RA14D and Q21HH22R are introduced
into a derivative of PpROpSTE34 as described for

PROpPSTE34. This derivative, pROpSTE34TlT2, contains a
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t hat the cod@PeX®n)l-ysine at position 114 is changed from AAG to CGT

whi ch encodes arginine. This oligonucleotide also differs fromthe
rpST DNA sequence such that an Accl restriction recognition site

(5" -GTATAC-3') is incorporated into the rpST DNA sequence. - Except
for the K114R nutati on, t he -28- additional nucleotide changes do
not result in changes in the am no acid sequence of the rpST protein. Like
GL21A, putative nutation-bearing clones are detected by incubating the
nitrocellulose filters in TAC buffer at 57.5[err] C and exam ned for
acquisition of a new Accl restriction site which is present in the

mut ageni ¢ ol i gonucl eotide and is therefore diagnostic of the presence of
the K114R nutation in the plasm d clone. The plasm d bearing this nutation,
confirmed by DNA sequence anal ysis, is designated pGEM)ST- SX-K114R The
generation of the KI16R nutation in rpST is achieved precisely as descri bed
for L118E, except that the nmutagenic oligonucleotide enployed in both the
mut agenesi s and hybri di zati on/ screening reactions is K116R/ Bgl Il whose
sequence is displayed in Table 1. The K116R/Bgl Il oligonucl eotide alters
the rpST sequence so that the codon for |lysine at position 116 is changed
from AAG to CGA which encodes arginine. Thi s oligonucl eotide al so
differs fromthe rpST DNA sequence '



AMINO ACID CONSILIIULION
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sequence of §siPST protein. Like GL21A, putakive nutation-pearing clones
are detectedgpyggncubating the nitracellulose Lilters in TAC at 57.5C and
exam ned fot,)16Rke118quistion of 4 new Bghkll restriction site which is
present in theigrragemri ¢ ol i gonucl ectide and i & therefore diagnostic of the
presence of thesKl1l6R nutation in the plasmd &l one. The plasm d bearing
this nutati@az2eonfirnmed by DNA seguence anal ysis, is designated
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HELI X 2 W THLEYBROPHOBI C AM NO ACI D RESI DUES USI NG TWO SYNTHETI C

OL| GONUCLECTEDESLQAIRBLTANEQUSLY The *renber of this nutational class is the
doubl e nut at.B835AS81, 87L. The pl asmt bearing this nutation, confirned by
DNA sequenceldd8Pysis, is designat ed® pGEMpST- SX- S81, 87L. The DNA sequence
of the synthgﬂ?éanutaaenic ol i gonucl®otides, S81L and S87L, used in the

construction ble nutant S81, 87L is g?ven in Table J]. The S81L and

LA
S87L oligonu§é§ - |ter the seqd%nce of th§ rpST gene such that the
codon for ’

1.82,84Q +
$81,87L+E1191Q123L +

* 4+ I122L +

"+ Ml26A +
L82,84Q+L115K +
Al4D :
A6T +*
S11RA14D +%
Q21HH22R +*
A6TS11R . +*
A6TS11R+I122L +
P8TS11R+I122L +
P8TS11R +

*Also contains the T,T transcription terminator
sequence from the E. colf grnB operon.



Double mutatlon A6T811R, in which the alanine
serine at positjions 81 and 87, gctlve y,.are converted from TCG to TG

whi ch encoddCFtttPhe 8 THE c’iﬁ%lt"? EhEEOTGN 2Rt SFRTIRST afene i s
precisely aq:deSt:io:beﬂlf b5 téﬂ:&Eo@ﬁ’caﬂttH fﬁgh@ihepf isheoabliagenivith

ol i gonucl eot ed.si rrul t.anequ t nesgi s a The
S81L ol i gonublgeo% de™ 'Hé gi" 35“"5’%}1 rJarEi %&g?%%é??zd ab & g’ntg‘r obe in
t he hybridi zlélmon’-nceaiﬂtng)ngyamml atal postiffdionsespést sande 1Sijlenta|n;al to
those desc“].b@ﬁ'lieédu&%ﬁ areehishalcilde frmk&err%sabecmh@gstn glife buf fer

at 54 C. Bacterial transformnts carrying, the gutatlve positive
mut at i on- bearPPGeEPEE FANERRES IR AT 1 1R, PPEANEREr FBy —t d AGESIIRI | ul ose
filters and pn@ceosndeheodiyky i eghbhsn.(E34) tEES theconRssT ODRA.Of The

screeni ng, the 7L _oligonucl gotide,i s, use | ed b
filters gre ﬁ%@s‘gﬁ Pﬂ %@%‘U‘f‘fe? atd%ﬁ %‘ %M%ﬁ@éﬁ#% N 0%
HYDROPHOBI C @M &l AC] DsﬁE$D.DUESpIS|T-+dEmba.’QnWQ' H EDROZEmRIC Avagmerd D
RESI DUES The g of | &l a e tation,
ﬁféﬂ ?%%E%ﬂ wﬁk] ﬁ YA fRe ‘t‘1 6T§l%ﬁ m@x‘%}%\%r{g‘

L82, 84Q earin I's mut ation, | rme sequence
analysi's, |3Sdaeinngtte ﬁ@ervasms»( HaRRBARPAT TREABRAN e FFH: P IFSHHE

-20- synt hetpﬁops’gtaggml?_c orh@gnucigetedte pussflid i Nisthethe psT
expression plasmid, which also contains the strong
transcription terminator from the E. coli rrnB operon
(TITZ) at the 3' end of the rpST-encoding DNA.

Another double mutation, P8TS11R, in which the
proline-encoding DNA at position 8 is mutated to encode
threonine, and the serine-encoding DNA is mnutated to
encode arginine is combined with the E34 mutations
(described in EP355460), in which the DNA encoding
cysteine at positions 183 and 191 are replaced with

glutamic acid. The resultant rpST gene therefore
contains mutations in both the NH2~ (P8TS11R) and
COOH-encoding regions (E34) of the rpST DNA. The

resulting plasmid is designated pROpPSTE-P8TS11lR. The

same strategy is employed in the construction of

PROpSTE-P8TS11R as in pPROPSTE-A6TS11R, except that

plasmid pML/pGH18, which contains the P8TS11R double

mutation is used as the source of the altered rpST DNA.
A6TS11R&I122L+E34 and P8TS11R+I112L+E34

The I112L helix 3 mutation described above is

combined with each of the two helix 1 mutations,
ASTS11LR and P8TS11R and the E34 mutations. The



IlZZL-—contalnln BssHII HindIII fragmen t
3 % i 95‘1551 a'ylecfn eralb?rg?

' and is
e ol gonuaesEt ARt P GneR b Rt AL feh o 27 BT RFRS TRIOVS THLAR he
codons for |é‘@cqswere§qubmg| pmasﬁzdambraéamte eaeh &@n¥ﬁ{ ﬁzg%ﬁﬁ&QG and
CTC, respect o e m_ne. a n-
pl asni dspar ea\églt%gtdedb célhr%,ﬂ g?l ng%?cg fElo%e Itﬁ'llé:s%‘c’fr} | B&FESi n hf"‘NE:
buf fer at S8E&RAMKC. ERAI\/F’I'_E iUdCG\PSTRH@IS owtrnmx( 2 AN b heX 30NA

COMBI NATI ON p/BAEI0ONS ySeuekak ibkal | But3 qgukal heesicoﬁégﬂx eV 264 ¢
E119LQ123L, retai or 1 ncrease 1 2

( E119LQ123L) t\@ﬁl"%ﬁr&r"&&‘i’dbu‘é‘a’é’ﬁ’aﬁ’%‘é?gr ofPJtar%deP BFHL&FFEBoBL22 L hel i x
3 are conbi né8 wkehstiechedr ophobirc hﬂiexxtﬁcalbubfsa_cli_szgj(bat | &bce 1 ﬁﬁ_tby t he
foll owi ng su | S -

restrict gd WB?E@-?(\B%? pﬁ?@ﬁﬁ? l'f'he‘PsrraIanfragrreﬁf’uF§epu‘?%f% b]ya%@%\r ose
gel el ectropﬁGPmtand:wmmsthﬁePsg‘Slaﬂ_ dempbleonutBitdsmsl This
Che’ Lar ge 11 aquent st oty | eu e Tahe ettty el iiolin e
t e fr n Ll ar i e

pRopST < exp P BTBAYOR LB dandhHAARD ShE PRLLFST ARGRGTH. | 1221 and { he
cysteine to al ani ne substltutlons at positions 183 and 191. This | arge

fragnment, and the small S81, 87L frml_‘ﬁi;g joined in the presence of T4
DNA |igase and ATP. Hal f of the re ure is introduced into

expression strain &IABLLETYe BRS

[8) OTROPINS

The procedure described to determine stability
profiles is as follows. The concentrated solution of
the recombinant (animal) somatotropin derivative (up to
100mg/ml) in phosphate buffered saline pH7.4
(NaH2PO4H203.45gm, NaZHPo4 3.55 gm, NaCl 9.50 .gnm
dissolved in distrilled water 1000 ml) is prepared.
This is filtered through a millipore sterile
Millex-0.22pm filter unit and 0.1 ml aliquots placed
into tubes. These are placed in a 43°C oven and
removed at the required intervals. The contents are
then diluted with phosphate buffered saline. The
supernatant is assayed for monomer and dimer content by
HPLC. A mass balance is done. Any precipitated
material is recorded. Results are compared with the
initial concentrations and a stability profile

documented.



PLEELELLEUW Ml (T 4AV) VL 4o EVALUQLEW do d olapiliodlViil.

with Cad [err]. The areswtbedofeldadl ulior uFtabdd idversryhieat £9gC the

Pl asni d- beariing red |).§‘>SXT pransaiesl 498 HIMMB¥RERESIIPN Tade daSICr i bed  in
Exanple 12; plasmd containing this heli:xx- 2/helix 3 conbination is
desi gnat ed pROpST- SXA- S81, 87L+I 122L. -31- Conbi nation rutations

pROpST- SXA- S81, 87L+ ML26A and pROPST- SXA- S81, 87L+E119LQL23L  are
constructed precisely as described for pROpST- SXA-S81, 87L+I 122L, except

t hat pROpST- SXA- ML26A and pROpST- SXA- E119LQL23L are used as the source of

t he expression vector conponents and the helix 3 nutation(s) for generating
pROpST- SXA- S81, 87L+ML26A  and PROPST- SXA- E119LQ123L, respectively. The
helix 2 double nutation L82,84Q is conbined with the helix 3 nmutation L115K
exactly as described for S81, 87L+l 122L except that the source of nutant
helix 2 DNA i s pGEMpST- SXA-82,84Q and the source of the helix 3 nutation.
L115K, is pROpST-SXA-L115K The plasm d containing this conbination is
desi gnat ed pROpST- SXA-L82, 84Q+L15K. EXAMPLE 11 SUBSTI TUTI ON OF HYDROPHOBI C
AM NO ACIDS IN OR NEAR HELI X 1 WTH HYDROPHI LI C AM NO ACI DS USI NG MUTAGENI C
OLlI GONUCLEOTI DES The object of these nmutations is to replace



hydr ophobi ¢ MuE/ acid oS unC , <
portion of rpST with hydrophilic amno acid residues that are present in

t he sane rel gﬁ’_ggﬁiti on of human drowt h hornmone. Menberd4 of this

mut at i onal i ude the rpST do @I% tation Q21HH22?4 doubl e nmut ati on
S11RA14D and single nutations A6T and.AT4D° Plasm ds bearJhg these

mut ati ons arfif?gitéﬂﬁd by DNA sequepnce | ysis and are esi gnat ed
pPCEMyST- SX- QR1HH22R, pCEMpST- SX- %%i D, PCEMST-SK- AGT and
PGEMoST- SX- Algis1irsBegt i vel y. The cggskreggti on of these mujations is
perfornmed pregrsein+Bssdescri bed for ghl18E except for the yatagenic

ol i gonucl eotAéEs1ERPIDIZI+EB e | ncubgki on tenberature of m4rocellul ose
filters in THETS$LIREX122D€E3H additioral screen for positiyve, nutation
beari ng -2RL8K+H341 ds by digestionowith an appropriate r®striction
endonucl easE1191Q023hAB4 appropriat®. The DNA sequence 3of the

synt heti ¢ mikbRAt+&34] i gonucl eotide ufed in the constructioh of the double
mut at i on QRIHPSRFATPIHH22R/ cl al, is1@isplayed in Table |. 7This

ol i gonucl eot¥R621A3¢%s the sequence 8B the rpST gene such that the codon
for gl utani %ﬁ@%@?%‘f‘%ﬁ“ﬂ is conderted from CAG to 7CAT which

encodes hi st 758%?3‘?% hi st d?ﬁ_éz)at position 22 133 convert ed
sd157rEL 10 805 90igR,3 O § ne

fromCAC to 7
S81,87L+I1221L+A34 8 7
S81,8714+M126A+A34 0 . 3

Percent solubility is expressed as the fraction of the
total remaining in solution x 100. (See Example 14).
Where more than one determination is made, an average $%
solubility is presented, and the number of independent
determinations is given in parentheses. The xrpST
mutants are present in either +the A34 or E34
backgrounds. A34 rpST contains alanine, instead of
cysteine, at positions 183 and 191. E34 rpST contains
glutamate instead of cysteine at positions 183 and 191.



bedded (ANTMAL) SOMATOTROPIN DERIVATIVE d |

Enbedded in t iS._a rest i cti.on endonucl ease

cl eavage site ;E! %&g 9t é’\}\ﬁ E%coglb&ﬁﬁad’l}e FHM. ST %%??BS'T gene.
The Q1HH22/eFWabivemnot| sbei dresent sdnveeadt iam t fierr aditediale| tive
detection PR &aedy By daa?ﬁ,agg [ £8Cd 008 rm IReEN. a@%gkhﬁgh% | espect s

are identic to those revi ous escrib oceédur es
used in E’é’ RS e IRized s, tKF‘é(PQ??)t ati o¥atare assaprevi ous‘l‘lye

descri bed fmmabm&e@wed hatratthe @bbker sngte Widwibd N 16 b%&ﬁ«‘r at 56 .

[err]C. AIs 08 ate mut tjon-bear Rg clones .are assayed for the
acqui sition o AP taép Vit cﬁe’i‘§lt?'§§eﬁf’ Amiarred ¢ Qtropin.

ol i gonucl eoffihge mﬁpq:sse heseeafureddiiagngsoithofovidre aprpseﬁlea f thpmdP1HH22R
doubl e mut a ikt C n he A6T _mutation in
TPST 15 achiiey T o Bt Al A€ peURLHA 1B e Ll oy W Ren TR

nut ageni ¢ ofifgorfthe ecpiekorbdal di sptdyddEy n afibl the | s‘nsg.‘ed posiivet he

mut agenesi s ot diaby ivh Zé | 0 TRAOkA&8Sin e¥BEYARE ;@i gonucl eotide alters
the rpST sequence so that the codon for alaniné at position 6 is converted
from GCC to ACC, which encodes threonine. Subsequent to hybridization, the
bacterial-containing nitrocellulose filters are washed in TAC buffer at
52[err] C. The generation of the S11RA14D double nutation is achieved
precisely as described for L118E, except that mutagenic oligonucl eotide
S11RA14D/ Sal | is used in both

g



-33- the mutagenesis and hybri dizgfdi on reactions, and that the
nitrocellulose filters are washed in and TAC buffer at 64[err] C The
S11RA14D Sal I ol i gonucl eoti de BABLE S he r pST sequence such that the serine
codon at position 11 is converted fromAGC to CGA which encodes ar g| ni ne,

and the al ani RECES A 65 E’F%ﬂ?‘ BAT, ﬁ JHERMAM-GCC  to whi ch
encodes ,Q$R45bhL s%i}g § I"e g%?iﬁso di ffersr f rg she rpST
DNA sequénce

(5'-GTCGAG43') is incorporaigds into tRe3.6pST DNA sequer@e from
positi ong122%+334 of the nugteotide sequesce. Except for the S11R and
Al14D nut §t3|4ons the addi ti onafomr(Bot i de Slavdd@3 do not reswd2.0iA) changes
inthe a ]11 €P8 sequence of 88 ngs (ST prot3@i -8 (Bdt ati ve nut a§t2i 6@{Bkaring
cl ones art %@ﬁgedfor t he acg sition of ewSaII restriX®on site

whi ch |slﬁr1%§(e in the mutagepig oligonucly L_,l de and is ther:éf ore

di agnost ipa10f.qhBeL,presence of sshe SllRA14D8%oqbl e mutation imnghe plasmd
cl one. Thaigeneration of the #44€ single megzation i s achi evedsepreci sely as
descri bed21®A L118E, except tHha(3)rut ageni c 48l.isgonucl eoti de ABYD Hi-ndl Il is
used i n M3{A%A he nut agenesi 800and hybri d-|22at| on reactions.55 The

A14D/ Hi ndt4}8 F%Enucl eotide aBt2rs the rpSF gnce such t®& the al anine
codon at gti(is"'l 6R*14 s convnge ??)om GCCi é&@ whi ch encdfes aspartic

acid. Thyg§ gl-,ll‘ggwg}_@gﬂdqoaﬁso differs r.,o,mgt he rpST DNA seguence

§81,871+I122L 71.3 165 47 i
S81,87L+M126A 79.7 186 47

1L82,84Q 9.7(2) 3.4 . none observe
K114R+E34 121.3 53.2 62

A6TS11R+E34 80.7(4) 135.0(4) 64.0(4)
P8TS11R+E34 129.7 78.5 65
A6TS11R+I1221+E34 116.7 112.8 61
P8TS11R+I1221+E34 127.9 89.3 64

“Hypox rat results are given as percent of the activity of the
SpST standard used as the positive control.

RRA-Liver radio-receptor assay results are given as percent of
.the activity observed with the rpST standard.

nd: not determined

Where more than one determination is made, an average is given,
with the number of determinations given in parentheses.



ADLLt AL VUL ALILAGLD KELCUNMDLINANIL OUNMALIULIROMIN 10U DIND
so that a HndlIl reskQiIONE BY;
incorporated intoynthe {rﬁg'r_o %i%glé@:%‘b%ofxf OHkRa tignse%@l%e&f the
nucl eoti de sequence. I%%eg he A14D rutatjon, the additional
nucl eoti de ch -t Pé%bFY o é’d%g%%c?ﬂb%ﬁénﬁnﬁﬁa‘a&ﬂt&”%eﬁ%e of
the rpST proteie prBseati vEnveheiban-beaddgpaionedtay et fBreepst bﬂo»-
I ncubating th ' e I ul fer and
exanm ned for%{}kfi{rp‘%céw sé) atéﬂ-#;giﬁ éﬁé;c\:/vegﬁ%dl ° g?rg:igf"lgén ielcvvh ch
i s present in ReRPTANRCHeni ‘&'he n@mltﬁu génuthese | éésaM$ |%1‘%hsrlé‘ﬁ@r eas
di agnostic of ddecdi€eseior Wind eg AAAR %baF%éﬁ@Qﬁ|MQ £y one.
EXAMPLE 12 RE STRUCTICN OF pST ATI ONS [NTO APPROPRI ATE BACTERI AL
EXPRESSI ON PLASM DS The altered (mut ati on-beari ng) cl ones are
reconstructed .into derivat | ves ogxmugn 1bact eri aI expression plasmd
pRO211 (described i N L 2 ofe x_51ere| n by
reference thereto), '0J Plasm d

PROPST contains pST DNA cI oned mﬂw pR0211 and cont ai ns
cystei ne-encodi ng pINA Ria RQAR | 9'1%1R&)13¢9a31 acti¥ity 18F a1tBRERSTAZ4T

cont ai ns al ani ne- encodi ng DNA, and contal ns, gl utam c aci d-encodi ng
DNA at thesepr?;%%}qqsongarrymg 122L mutatl n in vivo, a

nitrogen balance study is conducted as described in

EP355460. Subcutaneous administration of pST to growing
pigs increases the quantity of protein deposited in the
body, primarily as mnmuscle. The use of a nitrogen
balance test provides a measure of the change in amount
of protein deposited by an animal. Since protein
contains a fixed amount of nitrogen, analyzing
feedstuffs and excreta for nitrogen provide an accurate
estimate of the status of protein deposition. . Thus,
nitrogen balance is a measure of the amount of nitrogen
consumed in the feed and the amount excreted in the
urine and feces with the amount retained (deposited)
calculated by difference. Nitrogen retention is most
accurately estimated as the amount of nitrogen retained
as a percentage of the amount of nitrogen digested
(nitrogen consumed minus fecal nitrogen). In this
study, the cysteine residues at positions 183 and 191
or the rpST 1Il22L variant have been replaced with
glutamic acid. The results of this analysis
demonstrate full biological activity of the altered

rpST molecule relative to the rpST control.



The thermal stabllltF o% %ltfreﬁjrng 1s|ﬁnferde
n mal an e s

altered clones are digested W|th EcoRl

nut at i on- bearS5RP meaﬁg‘ﬁﬁiﬁ] |’§b‘?%¥%‘ﬂ1° pm*FﬁBhaDNﬁl"@rﬁsrﬁqn&rq Y
treated, anda Murnatrigm oectempésatare.ng THNApST agbRBtulieS cont@idLd.
These purifi d fré’}ﬂn ts are Iiégaéed to etshe(* W th T4 DNAIl se _and

t r ansf or ned |nto ) r%’Bprop PR BB Rer i %4 n, V83800, TG ai n
contai ns a t iperesgencensis i veew\ereibyesmtenched[eln] theso "madtive

expr ession fiamddie [ eicUURILT demparyeRbed abr30keidkas iy I (Led

at 42[err]C, at whi ¢ enperature ressor I’s 1 nact’i vat ed.

I ntroduct i on SajEesy & ma%@w E}@F’F‘Fiﬁﬁeh{‘sf HPG'%RG@SP&BMW
achi eved predisseiyesimalsper aiad td 04 1&B@$ﬁ3étmcth&ter fticteaBt Gfn

altered pGEl\/%%T DNA frggngnts into pROPST ﬁJ kggntlc t 0, t hat des.c bed
for pROPSTA3F*SexctPPerhd both' T &fd pRRBSTARSTEERE ds P SH gest ed
Wi th EcoRl art:d'ylﬂtmdalualn Tabés::.d\heLl sts A he Bmeflkdingl expressieth pl asfini ds

i nto which nt p Qs A6T,
S11RA14D and Q21 2R ar e PefeugCnticriSinal EoRNEEdture %gch'l i, e
descri bed fofiIRGISPESFUTVEY §ftiéf*i1c/%??|§%u°ﬁﬂa§s¢E34‘F[e@|arl]"fF[ agnehssht ai ns

a -35- caupl ixhtttl na | teﬁpasaea&-eattx&@e 3s eaHafhdter-igticodbrg DNA,
whi ch contains.the tra r| pi i on term nat or T[erBL‘Iz]perr] fromthe EinCO| i

rrnB operon CAHYEDY i bR ¥aptYon) . increase

fluorescence over a rather narrow temperature range
then ensues. The temperature that defines the midpoint
,0f this increase in fluorescence is designated T(m)
is a reflection of the protein's thermal stability.
The T(m) of the rpST of the present invention is
determined by the method of Burger, et al. 1966, except
that 295 nm is used as the excitation wavelength and

and

the emission fluorescence is read using a 355 nm cut
off filter. The T(m) of the rpST of the present

invention is summarized in Table IV. These data reveal
a marked increase in T(m) of 79°c for I122L.

EXAMPLE 19
GENERATION OF THE T1221 MUTATION BY THE

POLYMERASE CHAIN REACTION METHOD
The I122L mutation is introduced into the rpST gene

by site-directed mutagenesis utilizing an application
of polymerase chain reaction technology as described by
Sarkar and Sommer 1990, incorporated herein by

reference. The three oligonucleotide primers used are



&~ & " o

-26- TABLE || EXPRE%Sltemp\}EE:CTd? c&@i‘ﬁﬁﬁlcd\%leiwf’ﬁo ‘A‘E:‘rﬁ“%fﬁ%ﬁ"l ﬁﬁ‘ﬁ’dxl AT

POSI TI ONS 183 TARS“EPh Aherraftier crrbertedt tegssaRER) 91 sMpeaticomed on
cvst ei ne aIanm@etemgldﬂéNB§S?ﬂbﬂh|42@$ 1 pM each of the Li20-3 and

+ L115K L118E
+ + LPYSIIFA4p oligonucleotige primers, @MERYsend Tag DNA
+ L11SE polymerase, as specifiellZBf the manufacturert This
IéﬂgIlesL reaction results in| 1327 bp DNA fragment, which
L118A contains the Il22L mutatipe@. This fragment istpurified

Llégﬁ|é$?- by agarose gel elecérbﬁﬁgkugigAand is used &s a PCR
+

S81, 87L+E119L€f2§5r in combinatjon |yggp oligonucleotide primer
SacI293 and the rpST-containing EcoRI/HindIII template

fragment in 15 additional cycles of PCR. The resultant
361 bp fragment is cleaved with restriction
endonucleases SacI and Pvull, purified by agarose gel
electrophoresis and ligated into the large
gel-purified, SacI/PvuIl pGEMpST-SX DNA fragment. The
ligation mixture is transformed into HB10O1l competent
cells. Plasmid DNA of the resulting transformants is
screened for the presence of the I122L mutation
precisely as described for L118E, except that
oligonucleotide L120-3 is used as the radio-labelled
hybridization probe and only one round of screening is
performed. The presence of the I122L mutation and the

absence of additional mutations introduced by the PCR’

reactions is confirmed by DNA sequence analysis. The
plasmid bearing this mutation is designated
PGEMPST-SX-1122L, 0.

EXAMPLE 20

RECONSTRUCTION OF rpST MUTATION T122L INTO
A PLASMID SUITABLE FOR EXPRESSION IN YEAST

In order to express the I122L mutation-bearing rpST

gene in the yeast, Saccharomyces cerevisiae, the rpST
encoding DNA must be operably linked to a promoter
sequence derived from this yeast. The ends of the
small rpST-bearing NdeI/HindIII fragment from

+

+
+

+

+
+

+



al bl Llc plasidiica 1S5S Cireaved wlilLll NQAeld qlld nllladlil.

+ ML26A This'fragment isL&gniﬂymilbx gel  electrophoresis AndD A6T
+* SL1RAL4D joined with the large SalI/Sphl fragment &ELBIRIRig is

+* A6TS11R . +* AGTSLI1R+I 1221

+ PSTS11R+| 19BP352-2. The ends of this latter fraggentim@mre made

;r * Al Sﬁ confrushl byheredtfenkTiérth Sy anssXéade oN Thesnplakaidsdaguance
romthe E. L LT epeLron. - 3%+ JEXANPLE 13 CONSTR l, HELI X 1
COVBI NATI ON %ﬁrr’r’éag’é‘}gﬁ%lféu AN%H%‘TSl T 43'b%ﬁB| e ’#ﬂ%&%&?%%ﬂ& in

whi ch the aladdibbiahapdyi comtadn sthepdivestgenth GALLOGALLO apdopetiere at

position 11 s 2 e  t LAl Ni hS C I ngds Wiath tions

(descri bed i ¥1 %QSEQQO%M? nB\?ﬁiL%H tggaf)klA e%ggdi ng c stst eihﬂgrg?é&?getai ons

183 and 191 EpeiePBp| devivedt nixpmt die &IEV Bane es(Weagier pSt gade

therefore copyasns nphat reBaliAnBopPladid\H£rdésigAetedl Repasd -psT-
COOH encodi n %gl ?gs?_éE34 of the rpST DNA. The resulting plasmd is
desi gnat ed pg{é) E{RBFEYER?) “The al tered, small, rpST-containing EcoRI/ Snal
f ragnent Expression of this rpST wvariant in yeast |is

‘accomplished by culturing yeast cells transformed with
this plasmid in a synthetic complete medium (Sherman,
Fink and Hicks, 1986) that lacks uracil and contains 2%
galactose as the sole carbon source at 30°¢ for severél
hours, or however necéssary to achieve maximal rpST
gene induction and rpST production. Although any yeast
strain carrying a mutation in the URA3 gene can be used
as the host, it is preferable to employ a yeast strain
that is deficient in protease production and is GAL+,
such as BJ5457 (genotype MATa pep4::HIS3 prbl-a trpl
ural-52 leu2-A his3-A lys2-801 canl GAL+). This strain
is deposited with the Yeast Genetic Stock Center,
University of California, BJS5457.
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from pHL/ pG—lﬁ@—Wﬁ% EHnte I ¢h27 A6TSI IR nmutations, is joined to the

| arge EcoRI/ Smal Fr amﬁsf(mmj asmdcg@S{hT[_rr]a{E[ﬂ-rds“ Thi s
latter plasmd |s

pST Xpressi on ich alsp _contains the
strong transcri ption télrrﬁnﬁat o? fr ot t he “:J%%%ﬂ rr#%%%%-ﬁgﬁﬂ éat t he
3" end of thé538sBStodi ng DNA. Anot her doubl e nutation, P8TS11R, in which

the proline-encodj ng %gtepog‘_t 9.'38% #ﬁgt ?ﬂa%? eggg(ae t)é_gpond,gg and
t he serine- encodl DNA | s rrutate ncoe rol € 1S conbln wth the
E34 nut ati on$¥ 1Ed 3 n EP355460) in which the DNA encodi ng cystei ne

at positions 183 snd B\dgex £ H 8Pl pcedethbBhyl HlaGing awridiitedhep.cesul tant

rpST gene ontal nutati o both the NHerr]-
(P8TSL1R) a%&@éﬁﬁﬁ%&%’% ﬁas 9&&2? the rpST DNA.  The

resulting pl asm cB.l s Glem gridted @RQDBTE(PBTSllero&gm sAcad eg¥ci s

enpl oyed in %ﬁf f pROPSTE- P8TS11R as in pROPSTE- A6TS11R,
except that pl asm‘d Cﬂt%§ Whi ch contains the P8TS11R doubl e rrutgtl on

is used as the sd’u-rce o0 Pﬁ§°alt@rﬂ5¥j r BEYipNA. (18871 1

P8TS11R+I 112%ﬂ_phg#éggfkﬁq_l X1 840Ut gagon descri bed above is conbi ned
wi th each of the fwo mutations, A6TSLIR . and . P8T 11R and the
E34 nutations. 8"I'hesa”:)?ae""sulatrt‘ﬂngs;ﬂ PREH o<t L9 JesiBy S

PROPST- SXE- AGTRH4®7 11221 and pM./ pGH18- SXE- 1 1221, respectively. pROpST-

9. Teague et al (1986), Broc. Nat. Acad. Sci USA
83, 7371-7375. .

10. Sherman, F. Fink, G. R. and Hicks, J.B. (1986),
"Laboratory Course Material for Methods in Yeast
Genetics" Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York, 163-168.




SXE- A6TS11R+11% %H&’t)‘{ ely Fdsrheg « - hael Risberdofehess
BssHI | / Hi nﬁequ %ﬁﬁ?‘;‘ﬁﬂ ;-fetq% Izr];e BssHI I/ Hi ndl || fragmen"? pur i fingd

frompROpSTE—AG. 1 ] as he .helix 2 cassette,
defined by ( ol% T&%(%I‘r ‘ﬁd} r{ﬁwﬂk %&89?5?# BEthnEut e 5' and 3
ends of hef\ s 2144 does not contain
the T[err] er ri transcri pt| on ter m nat or Plasm d pM./ pGHL8- SXE-| 122L

i's constructed (i N NuigiEH @ RGeS xcepi that plasmid pM/pGHL8 is
used as the source of the large fragment, carrying the P8TS11R double

nmut ations. Thigwy iyedsowpEntE easprEdscontain the Tlerr] Tlerr]
transcription termnator, and does carry the helix 2 cassette. EXAVPLE 14

STABI LI TY PRCFlL&&yJiﬁw§ES§H§D REQQ¥H NANTWIS M CEBOBENS sTiDRnpaacedur e
described to determne stability profiles is as follows. The concentrated
solution of the r{@)OrHEREBT: (arionHgclsafel bér oplazderivative (up to

100ng/ m ) in phosphat e buf fered sal i ne pH7. 4

(NaH err] PO er r] H@®r QI :45gHew Ngekr] HPqerr] 3.55 gm Nad 9.50 gm
dissolved in distrilled water 1000 m ) is prepared. This IS filtered
through a m{(RpETATE: st eNawe I@nK ex-0. 22[err]mfilter unit and 0.1 m

aliquots placed into tubes. These _are placed in_,  a 43 [err]C oven
and removed at tHE) SRUNTRY S nt dinidiad Stal‘ﬁ%sc‘aﬁtéﬁ‘?é'l&lae then diluted
wi th phosphate buffer ed sal.ine. The supernatant is assayed for nonomer

and diner content(®y 3¥:c. 101Zmss balance is done. Any

reci pig at ed
P Pld Al €Qy) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: 3.5" Double Sided Hard Disk
(B) COMPUTER: IBM PC AT

(C) OPERATING SYSTEM: MS-DOS
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material is recpsfedrrin&esatEs are conpared with the initial
concentrations and a stability profil e docunented. - 39-
Alternately, a gOpatDASSPFDCAEIONati ve exhi biting poor solubility at pH7.4
is dissolved at a | ess preferred pH (4-10) or is evaluated as a suspension.
The results ¢(¥ispl PRIOR APRDICATYONt DAMAs for the altered rpST proteins are

summarized in Table I11. -40- TABLE |11 rpST MJTANT PROTEI N SOLUBI LI TY
I N VI TRO Days MiAhtABRLICATION NUMBER:Sol ubl e | ncubat ed at 43C A34
32 14 | 122L+A34 44

14 E34 (B) FILING DAPB:((3) 14 67

17 1122L+E34 . .. 62.0(2 14 66. 3(3)

17 A6TS11R+EEWL11) ATTORNEY/6@?3%2§NF°RMATI°N= 14 P8TS11R+E34

62 . 14 ABTS11R+| 122L+E34 36

14 (A) NAME: White, John P.

(B) REGISTRATION NUMBER: 28,678

(C) REFERENCE/DOCKET NUMBER:  38360/JPW/LSW
(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: 212 977 9550

(B) TELEFAX: 212 664 0525

(C) TELEX:

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:



PSTS11R+l 122L+E34 (B) TYPEX  nucleic acid 14 L118K+A34
0 3 E119LQ123L+A34 0 3

L115A+A34 . 3 L118A+A34

10 (©) srﬁﬁ%ﬁ%%%&%ﬁ= single  ° g

3 L118Al 122L+A34 7 1122LML26A+A34

22(2) '1%%0??6@&87L+A§fnear 0

3 S81, 87L+E119LC&23L+A34 7 S81, 87L+1 122L+A34

8 7 S81,87L+Nﬂ26A+A34 0 3
Per cent sol ubigiiityy MoretiressepkEas the fraction of the total remaining in
solution x 100. (See Exanple 14). Were nore than one determnation is

made, an average % solubility is presented, and the nunber of independent
det er m nat i onq iiiiy HYRQIHETICARar ent heses. The rpST mutants are
present in either the A34 or E34 backgrounds. A34 rpST contains

al anine, instead of cysteine, at positions 183 and 191. E34 rpST contains
gl utamat e i nst{d¥d NTASFENSRS at positions 183 and 191. -41- EXAMPLE 15
HYPOX RAT TEST METHOD FOR DETERM NI NG THE GROMH ENHANCEMENT OF AN MALS

RECEI VI NG RE M INANT %M@Nﬁ% SOVATOTROPI N DERI VATI VE

(vi) ORIGINAL SOURCE:

(A) ORGANISM:

(B) STRAIN:

(C) INDIVIDUAL ISOLATE:

(D) DEVELOPMENTAL STAGE:

(E) HAPLOTYPE:

(F) TISSUE TYPE:

(G) CELL TYPE: ' pn
(H) CELL LINE:

(I) ORGANELLE:



The efficacy of the reconbinant aninmal somatotropin derivatives of the
present inventi on{B)oiICI&NEsring the growh rate of animals is determ ned
utilizing the hypophysectom zed (hypox) r at assay. _ The
hypophysectom zed rat does not produce its own somatotropin and is
sensitive to i(Niéd)edOSHTHAYN rIBhiGENOME: r esponse neasured is grow h over a
period of time such as 10 days and is presented in Table IV as percent of

t he biological activity of the rpST. positive control, which is included in
every trial. J%Q-Cﬁhgﬂgﬁqyﬁégéﬁﬁﬁﬁii DATA (HYPOX RAT, RRA) AND THERMAL

STABI LI TY FOR rpST MUTANT PROTEI NS Mut at i on(s) Hypox r at

RRA[ err] Th&Hk A34 112.8

173. 5 (B) k%ﬁ;#ﬁééﬁﬁﬁéﬁy 97. 4 225. 8

79 E34 : . 90.52(5) 51. 4(7) 62. 0( 6)

| 1220 +E34 (c) un1§%:66(5) 80. 28(5) 62.67(5) L115K
0.3 15 >83 L115K+E34 0.8

0.9 79 L118K 1.8 43. 9

36 E119LQL23L (ix) FEATURE:33.8 80. 2 49 L115A
88. 6 163 50 L118A | 64(3)

49. 5 57 ML26A 100 122

55 (A) NAME/KEY:

(B) LOCATION:
(C) IDENTIFICATION METHOD:
(D) OTHER INFORMATION:
(X) PUBLICATION INFORMATION:
(A) AUTHORS:
(B) TITLE:
(C) JOURNAL:
(D) VOLUME:
(E) ISSUE:

(F) PAGES:



L118AI 122L (H) DOCYUBEYT NUMBER: 57.9 56 | 122LML26A

66. 25( 2) 82. 55(2) 63 S81, 87L 46. 9
194 40 S81, 87L+E119LQL23L 40. 4 177.9
38 S81, 87L+l 122L (I) FILING7PAFE: 165 Sy S
S81, 87L+ML26A 79.7 186 47 L82, 840
9.7(2) 3, 1e observe K114R+E34 121. 3
53. 2 & BYBLICATIANEDATE! 80. 7(4) 135. 0( 4)
64. 0(4) PSTSL1R+E34 129. 7 78.5 65
A6TS11R+l 1221 +E3 gl12.8 61

X %@v t RESIDUESk
P8TS11R+I 1221+E3g.) R% . é'“ . 89.3 64 [err] Hypox rat

results are given as percent of the activity of the rpST standard used as

the positive ¢ebjrokQuERAEL DESCRIPMITON ) OrDagsay1kesults are given as
percent of the activity observed with the rpST standard. .nd: not determ ned
Where nore than one deternination is nade, an average is.given, with the
nunber of deAREnEAZt CAASTECY ECAI BOTaATE (ESESTTG TEXANMBCECTA LI VERS

RADI O- RECEPT, Y, T | GW REQRVBI NANT
schTOTchlN%$Eﬁ§$$t9$§538%A$g¥kg&PN %f%%?gggﬁn N vitro

radi oreceptorlassay is enployed to assess the abil %0y of the reconbi nant
somat otropi ns of the present invention to conpete with [err]l-rpST for

TTT GCC AAC GCC GTG CTC CGG GCC CAG CAC CTG CAC 72
;ﬂ Phe Ala Asn Ala Val Leu Arg Ala Gln His Leu His
15 ' 20

CAA CTG GCT GCC GAC ACC TAC AAG GAG TTT GAG CGC 108
Gln Leu Ala Ala Asp Thr Tyr Lys Glu Phe Glu Arg

25 30 35
GCC TAC ATC CCG GAG GGA CAG AGG TAC TCC ATC CAG 144
Ala Tyr Ile Pro Glu Gly Gln Arg Tyr Ser Ile Gln
40 45

AAC GCC CAG GCT GCC TTC TGC TTC TCG GAG ACC ATC 180
Asn Ala Gln Ala Ala Phe Cys Phe Ser Glu Thr Ile

50 55 60
CCG GCC CCC ACG GGC AAG GAC GAG GCC CAG CAG AGA 216

Pro Ala Pro Thr Gly Lys Asp Glu Ala Gln Gln Arg
65 70



§ - b

bi nding to somatotropin receptor fron1pur|f|ed i ver nmenbranes. The
results of thgge sasayecarecycrencas puC & red brodcmg asd arez2psesented

VUTANT | 1221 +E58 GORcOAFUSEE BPDI Bgede a1 T4 o X8I PBRed<FpST pr of oi ns

carrying the 1822L nutation in vive0 a nitrogen bal ance®8tudy is conducted
as described in EP355460. Subcut aneous adninistration of pST to grow ng
pi gs increases the guantlty of protein deposited in primarily

as nuscle. *RE GI& TAF &CﬁlPﬁﬁgéﬁqMSQQKE??égTTp§SG|ﬁsg theasu934of t he
change in anoppy Vﬁlplpﬁbelrhrdﬁaﬁssb.&d Lewy va:n Phél Ghl;. ThrSEeee protein

contains a fixed annun& nitrogen, b¥2|ng feedstuffs and
excreta for nitrogen prOV| an accurate estl e of the status of protein
deposi ti on. Thus, nltrogen balance is a neasure of the anmount of nitrogen
consumed in tpage f%g ga¢ g A EFSt 'eaéhemr cAe #a¢ fecagonith

t he amount retalne eposite cal cul ate ference. N trogen

retention is ﬁé?tAGEbNﬁétENF & At d-aly ¥%§ éﬁBuﬁF“oP 184 Gl¥gen ret ai ned
as a percentage ofjlghe anount of nitrogen di gested (nitrogamro consuned

m nus fecal nitrogen). In this study, the cysteine residues at
positions 183 and 191 or the rpST 1122L vari ant have been replaced with
glutamc  acicéc ATCTIOAG GOESWTG ATGOCGG tGAC CTENGRAES GATIGANSt r 396 f ul |

bi ol ogi cal - acy by 0161t Al [P hdP Trgob UL 8R! KD [y e TPST

control.
. 125 130

AGC CCC CGG GCA GGA CAG ATC CTC AAG CAA ACC TAC 432
Ser Pro Arg Ala Gly Gln Ile Leu Lys Gln Thr Tyr

135 140
GAC AAA TTT GAC ACA AAC TTG CGC AGT GAT GAC GCG 468
Asp Lys Phe Asp Thr Asn Leu Arg Ser Asp Asp Ala
145 150 155
CTG CTT AAG AAC TAC GGG CTG CTC TCC TGC TTC AAG 504
Leu Leu Lys Asn Tyr Gly Leu Leu Ser Cys Phe Lys

160 165

AAG GAC CTG CAC AAG GCT GAG ACA TAC CTG CGG GTC 540

Lys Asp Leu His Lys Ala Glu Thr Tyr Leu Arg Val
170 175 180
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-44- EXAMPLE 18 DETERM NATI ON OF THERMAL STABI LI TY USI NG FLUORESCENCE
SPECTRCSCOPY phhe thermal stability of altered rpST is inferred frgm
measuring the intrinsic tryptophan fluorescence as a function of
temperature. Pfe rpST nol ecul e contains a single tryptophan  tesidue,
whose intrinsic fluorescence is severely quenched in the "native
state". Increasing tenperature, or decreasing pH, causes a
characteristic increase in fluorescence, which is presumably due to a | oss
of structure at least in the imediate vicinity of the otherw se
buried tryptophan resi due. A  "nelting profile" of

fl uorescence versus increasing tenperature reveals a signoidal curve, in
whi ch fluorescence remai ns quenched up until a tenperature that is
characteristic for a given rpST  derivati ve. A sharp i ncrease

in fluorescence over a rather narrow tenperature range then ensues. The
tenperature that defines the mdpoint of this increase in fluorescence is
designated T[err] and is a reflection of the protein's thermal stability.
The T(m) of the rpST of +the present invention is determned by the
met hod of Burger, et al. 1966, except that 295 nmis used as the excitation
wavel ength and the em ssion fluorescence is read using a 355 nm cut



off filter WHATThBS JLAIMEDfISthe rpST of the present invention is
summari zed in Table IV. These data reveal a marked increase in T(nm) of 79C
for 1122L. EXAMPLE 19 GENERATION OF THE |122L MJTATI ON BY THE POLYMERASE
CHAI N REACTI ON MVETHOD A h&opaighlrepidy | 6ATPF Lisdindsduge MU ¥atoleame okpST gene

by sit_te- ditraf]dtﬁfhénﬁ@w%m Sqﬂbtééibdiééémﬁﬁoﬁﬁ'ﬁﬂdiﬁﬁtsﬂrprtﬁ ; Q%M@Eﬁc chain

reacti on technol ogy as. described. by Sarkar an omrer

i ncor por at e ﬂ%?g%/’h élﬁﬁr?’é?'e?‘ég&é‘.% 'ﬁ?elqah?g agf’lté'(‘?ﬁtl'@l MRS HIT s used

are | i st dtham Telé e hativdei n€bwte @fi gosatdeotsicherBacii98, w3  and

Pvul | 634. EgT#g: ; s 3 t qiJais oRL/ Li i r@{g m

pl asm d pC;Em S%e'r?s s%%l‘gg‘g&%ﬁgft g%’ﬁ%ﬁc B:}i te%g#écaylcr{egg 0 epéo%%rrerase

chain reacti Weatel®Rer referred to as PCR) is perforned on 1 ng tenplate

rpST DNA with 1 pM eacthef i tobdbpimnéb Vil al,i geRdebeat igkeidri ners,

dNTP' s and TachE ol ymes ase as specified l%y t he manuf acturer, Thi s
39 ot ¢ B9

reaction restf PHAD YERE, RO tont R He 1 nerRadt
mut ati on. Thquinegnéishier pavidn eslobatagzopism.gel el ectrophoresis and is

the 1 pST- contal ni Ny Eoulf/ AOTAChon o 2 | HAlm P2 CqplEbER SFE % U Mo
of PCR The 3kRhathetinel mukption agndauble gutagiencis A§F(HA14D,
restriction si1RA14D, Q21HH22R, A6TS11R or P8TS11lR.

4. The somatotropin according to Claim 3,
wherein said somatotropin is human, bovine, porcine,
ovine, caprine, equine, fish or avian somatotropin.

5. The somatotropins according to Claim 4,
wherein said alpha-helix 1 mutations comprises: AS6T,

- Al4D, S11RAl14D, Q21HH22R, A6TS11R or P8TS11R.

6. A somatotropin comprising: a mutation of said

somatotropin in the alpha-helix 3 region and a mutation

or double mutation in the alpha-helix 1 region thereby
making said somatotropin more soluble than the native
form of said somatotropin while maintaining biological
activity in a sustained release formulation.

7. The somatotropin according <to Claim 6,
wherein said somatotropin is human, bovine, porcine,
ovine, caprine,' equine, fish or avian somatotropin.

8. The somatotropin_ according to Claim 7,
wherein said alpha-~helix 3 mutation comprises: I122L,
L11SE, L115K, L115KL118E, L118E, riisT, L118K,
L118EY122K, 1Il122E, E119LQ123L, M126A, L118A, G1l21A,

K114R, K116R, I122LM126A or I122LL118A ml““““‘“l
Ll



S11RA14D, Q21HH22R, A6TS11R or P8TS11R.
endonucl eases Saqlp.and fRall | goRNELELEEIRY apEE I ct re
o gib OrEL oSl éi)?tlm G?I\?pST SX

and e gel Sacl/

DNA fragnentwg?ﬁglpl659@bﬁ¥ﬁ%&lﬂ%}+g ?r%ﬂggﬁiﬁﬁdlﬁnF62H§&01 conpet ent
cells. Plasnid DNA of Thee resmdtobgopianshectrding S €61 eemadmf oryd he

f 2 t.i ' d L118E
xcopt - that "HEFERRERAN AAeHe o of VaeiBue “FRERR TGP0 Lo Besa -
hybri di zati on préBe an@hen| ysamrrtotoepinf soceeding i stper Cdadmd. 1the
presence of ﬁﬁ@rbiﬁzkaqﬁt@Hdﬂlé“Hhﬁ{ﬁ%@@ngcgsﬁéﬁggd't'Onal mutations

I ntroduced by the_PCR reactions is I rmed sequence anal ysis. The
plasmid bearing3* thf&e MABATRHOPiNg ac&&ﬁ@$ﬂ%eﬂﬁ° Claim 711,

PGEMpST- SX- | 4BRakpdnr | . s&ERAMPIgom(: SEPTTRUGE ONbOECEAST NFATHIV ink22L
| NTO A PLASNLQ gg{é@é FOR EXPRESSI ON I N YEAST In order to express the
| 122L nut ati on-bearin ST gene in the yeast, Saccharomyces cerevisi ae,
the rpST encodi n§4bNA Pt tﬁpmgk@tmwgihinh@¢ordﬁmqwcmmteClaéquenma

derived fro%ébbinye@éld %at?d\ﬁs%gin %%l)ﬂ(ﬁgf-f%ps-r ear;#aa(}q,ﬁ ush by

Ndel / Hi ndl I | rom 2L are

treatment of SPRRE °E%R§%Wr1the | ar ge KIenOM/fragnent of DNA pol yrrer ase

after the plasm dsi.s cithavedsonabobtepiand dddetding to Claim 1,
wherein at least one of the four cysteine amino acid
residues in said somatotropin is replaced, modified,
eliminated or derivatized.

l6. The somatotropin according to Claim 15,
whergin of the four (4) cysteine, two in the small loop
and two in the large loop, at least one (1) is replaced
by the amino acids individually selected from arginine,
lysine, aspartic acid, glutamic acid, asparaginine,
glutamine, histidine, alanine, glycine, isoleucine, -
leucine, valine, phenylalanine, tryptophan, tyrosine,
methionine, serine, threonine or proline.

17. The somatotropin according to Claim 16,
wherein said amino acids are individually selected from
glutamic acid or alanine.

18. The. somatotropin according to Claim 17,
wherein the cysteines at positions 183 and 191 are
replaced with glutamic acid.

19. The somatotropin according to Claim 17,
wherein the cysteines at positions 183 and 191 are

* [ L M S *

replaced with alanine.



TV AE, dapllllie, c€gulle, 1151l 0L avVilan somatotropin

This fragnent is ptkifi &hey watb'ecopéphomogmj otoedcClatiln t f9 ) ar ge
Sal I/ Sphi" fragifsdte{ Bh3aM bt HPIBEA2-is THEmS nds @é%ﬂés R e
se

fragnent are made flush by treatnent with S1 nuc I's" plfasm S a
YEp352- der i vat¥ine, Gammine, pauingecfish gy PVéén spgaz@dinopdmel | y

fﬁnt gll n tthe di ver gent GAltld GAidilapoerep Q?h(&g&gﬁm ndt@th:iali%@o and
e untran e [V e ene
1986). The re?tﬁa%ﬁeeﬁlkgr{ pﬁgéa]s% zgfq:lga ?égi T ngﬁ Htﬁt(ﬁﬁlé"‘s)
Expr essi on of JtSﬁlPé'R.pm'ﬂar |SalﬂtRAIﬂlyeaQ21imzaR¢oprpt‘sahadohyRM1$tm .ng yeast
cells transformed ga th tgy ?ﬂqﬁ‘s’tf\g F sygt(:lg:g,t;‘Jdc_;l rrp{gt ecgg

1986 Bck o

(Sher man, Fink_ and Hi cks s uracl | cont arns é‘%g ‘act ose
as the sol e cAEHEHFHE Almndhel bxf & mbpdian mnrs}oublehmmion

necessary to dehixem mmlsrmﬁﬂimpeqzIﬂ!ﬂﬁinonAaﬁélms‘érp@%%t'

Al t hough any yeast stral car r%u ng g_atlon | g‘%re URA3 gene can be used
as the host, it i&%r ef ko ﬂ§F89 b yRRIoIng n titat F328fi Gvent in
pr ot ease pr odmemrarwm ie@é\t+ ,omichfasha) S546ur ( gyedite Wﬁ.ﬁbr]acld

pGiEi) & ?ﬁl gr?]ter%éﬁll{élsst eposi ?Izdgémméﬁg%g:@g 5-{(eas;‘s%:“'i@e aré% éysZc’%&]{ nt er,
Uni versity of eGdmimatad, omsssmivatizeqs- Bl BLOGRAPHY-

25. The somatotropin according to Claim 24,
wherein of the four (4) cysteines two in the small loop
and two in the large loop, at least (1) is replaced by
the amino acids individually selected from arginine,
lysine,_ aspartic acid, glutamic acid, asparaginine,
glutamine, histidine, alanine, glycine, isoleucine,
leucine, valine, phenylalanine, tryptophan, tyrosine,
methionine, serine, threonine or proline.

26. The somatotropin according to Claim 25, .
wherein said amino acids are individually selected from
glutamic acid or alanine.

27. The somatotropin according to Claim 26,
wherein the cysteines at positions 183 and 191 are
replaced with glutamic acid.

28. The  somatotropin according to claim 27,
wherein said alpha-helix 3 mutation comprises: I122L,
L115D, L115K, L115KL118E, L118E, L1187, L118K,
L118ETX122K, I122E, E119IQ123L, M126A, L118A, G1l21A,
K114R, K116R, I122LM126A or I122LL118A. '

* [+ L M S *
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1. Abdel - Megui d 3P al . Thegsppmagefzondyt | 29eeRAing tpsaCdaimga R 6437, 2.
Brens (1988)vhé&reihesatéir 1pRa-Abiix4534@mutdtion Breemm22®wt  al. (1986),

Bi ochem stry” "25,.,6539:6543. 4. ens. et al (1988), Proc...Natl. ad. Sci .
USA 84, 3367-3371%°5. HiFgefomd %,”l?o‘& ho%%?‘gif?“é%.d g8nd1°|l|ar’%“, Pﬁ&

(1966) Endocvhevednysagd adphezheldx Chawtativn dis A6TIUG0), Proc. Natl .

Acad. Sci USA 8735506 65 t s Vi ' 4) | ecul ar
and Cel | ul ar Bi o?pgy i‘fﬁ%44g-ofﬂ% gt.. .% cS%F?gar %%ga E%rn’nec'(rl]a%L 19930 f
Bi ot echni gue¥hereinpaaigradphashghdxed Futerds® ispRATSINR- Acad. Sci USA

83, 7371-7375. 193, Shetgen, sbmaltiotltof@n R addérdifdfS, té- Bci1akibo)is,
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Somat ot ropi ns wi tf )
wherein four cysteines are modified to cysteic acid.

35. The somatotropin according to cClaim 33,
wherein said somatotropin is h:uman, bovine, porcine,
ovine, caprine, equine, fish or avian somatotropin.

36. The somatotropin according  to Claim 34,
wherein said somatotropin is human, bovine, porcine,
ovine, caprine, equine, fish or avian somatotropin.

37. The somatotropin according to «claim 24,
wherein of the four (4) cysteines, two in the small
loop and two in the large loop, at least one (1) is
eliminated.

38. The Somatotropin according to Claim 37,
wherein said alpha~helix 3 mutation comprises: I122L,
L115D, L115K, L115KL118E, L11BE, L118T, L118X,
L118ETI122K, I122E, E1l19IQ123L, M126A, L118A, G1i21A,
K114R, K1l16R, I122IM126A or I122LL118A.

39. The somatotropin according to Claim 38,
wherein said alpha-helix 1 mutation is A6T, Al4D,
S11RA14D, QZlIti'HZ'ER,' A6TS11R or P8TS11R.

40. The somatotropin according to Claim 39,
wherein said alpha-helix BIﬁutation is I122L.

41. The somatotropin according to Claim 40,
wherein said alpha-helix 1 mutation is A6TS11R.
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whereln the four cysteines are dlfled to steic
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rein said alpha-helix 1 mutation is A6T, A140D,
S11RA14D, Q21HH22R, A6TSI1R or P8TS11R.

46. The somatotropin according to Claim 45,
wherein said alpha-helix 3 mutation is I122L.

47. The somatotropin according . to Claim 458,
wherein said alpha~helix 1 mutation is A6TS11R.

48. The somatotropin according to Claim 48,

wherein said alpha-helix 1 mutation is PSTS11R.
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(1) ORGANELLE: -51- (vii) | F@Wra® SOURCE: (A) LIBRARY: (B) CLONE:
(viii) POSITION I N GENOVE: (A) CHROMOSOVE/ SEGVENT: (B) MAP POSI TION: (O
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(1) FILING DATE: (J) PUBLI CATI ONMRE: (K) RELEVANT RESI DUES: (xi) SEQUENCE
DESCRI PTION.: SEQ ID NO 1: ATGRt@Hresd TTC CCA GCC ATG CCC TTG TCC AGC CTA

36 Met Asp G n Phe Pro Ala Met Pro Leu Ser Ser Leu 1 _ 5

10 TTT GCC AAC GCC GIG CTC CGG GCC CAG CAC CTG CAC 72 Phe Ala Asn
Ala Val Leu Arg Ala @n H's Leu H s 15 20 CAA CTG GCT GCC
GAC ACC TAC AAG GAG TTT GAG CcC 108 A n Leu Ala Ala Asp Thr Tyr Lys Qu
Phe A u Arg 25 30 35 GCC TAC ATC CCG

GAG GGA CAG AGG TAC TCC ATC CAG 144 Ala Tyr Ile Pro Qu @y A@n Arg Tyr
Ser Ile @n 40 , CAG GCT GCC TTC TGC TTC TCG GAG

ACC ATC 180 Asn Ala G n AQu Thr Ile 50
55 = GAC GAG GCC CAG CAG AGA

216 Pro Ala Pro Thr dy- Arg 65 70
-53- TCG GAC GIG GAG C 252 Ser Asp Val 4Qu
Leu Leu Arg Phe Ser Le 80




ATC

AGG
Ser

AAG
Au
ATG

ACC
140
Thr -
155
Tyr
AAG
Leu
TGT

CAG TCG TGG CTC GGG CCC GIG CAG TIQB&TC&Q@% 288 Ile A n Ser Trp Leu
Pro Val @ n Phe Leu Ser 85 £y 90 ' 95

A ; 324 Arg Val Phe Thr Asn
Leu Val Phe Ay Thr Se ) 105 GAC CCGC GIC TAC GAG
CTG AAG GAC CTG GAG GA( u Lys Leu Lys Asp Leu

du 110 G3C ATC CAG GCC CTG
CGG GAG CTG GAG GAT/ X3 eu Met Arg Gu Leu Gu
Gy 125 ATC CTC AAG CAA
TAC 432 Ser ProfArfg Ala d & Gl Thr Tyr 135

GAC AAA TTT GAC ACH T GI GAT GAC G 468 Asp Lys Phe Asp

Asn Leu Arg Ser As
CTG CIT AAG AAC TAQ, GG
Gy Leu Leu Ser Cys\Phe
GCT GAG ACA TAC CTG GG
Arg Val 170
CCC CEC TTC GIG GAG AGS

Al a 145 0

504 Leu Leu Lys Asn
165 AAG GAC CTG CAC
Hs Lys Ala Qu Thr Tyr

180 -54- ATG AAG

Lys 160

GIcC 540 Lys Asp

Expression vector for reconstruction of rpST mutations and expression
in E._coli. The cll ribosome binding site is located between the EcoRI
and Ndel restriction sites. The translational initiation codon for rpST is
embedded in the Ndel site. '
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Met Lys Cys Arg Arg Phe Val Gu Ser Ser Cys Ala 185 190
TTC 579 Phe CLAI M5 1.
A porcine somatotropin conprising: a double nutation of said somatotropin
in the al pha-helix 1 region {J‘I\ereby maki ng sai d somat ot r opi n nmore soluble
than the native formof said’ spmatotropin while maintaining biological
activity in a sustained rg .@“l al i onsand wherein said al pha-helix 1
doubl e mutation is sel gefed ' fe-gr oUp\ C nmstmggﬁ A6TS1 1 R or P8TS1
1 R 2. A porcine songt otrOpi i sald somat ot r opi n
in the al pha- helix rggi on and a double t t|on in the alpha-helix 1
regi on thereby nmakifhg/said somatotropin norg syl bl e than the native form
of said somat ot ropf&Mhile maintaining biological*activity in a sustained
rel ease fornul atirgge/and wherein said al pha-h@dlix 3 nutation is |I1 22L and
wherein said al php-Helix double nutation is{A6[IS1 1 R 3. The

somat ot ropi n accof dijng t oY EPIIR-PSTREY22h of |[The four (4) cysteine, two in
the smalt loop anfd ttwo in ti®13aKle | oop, at Jeast one (1) is replaced by
am no acids individwally selected fromthe grjoug consisting of. arginine,

| ysine, aspartic agy, glutam c acid, asparln gI utam ne, histidine,

al ani ne, glycine, i\soNeuci ne, |eucine, vali ph r'ﬁ,E;xI@nl ne, tryptophan,
tyrosi ne, nethionine ri ne, threonine apd p qjm % Pd'ﬁ somat.ot ropi n
according to Caim 3, ' o acjds a'§ , h’ ally selected
ani-c-aci s and al R 5. The somat ot r opi n
"URA3ysFetnes at positions 183 and 191 are

according to C aim4, whered
replaced with glutam c acid.

Yeast expression plasmid YEp352-pST-1122L.
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6. The somatotropin according to Claim2, wherein of the four (4) cysteines

two in the small |oop and two in the large | oop, at least one (1) is

repl aced by am no 2 acids individually selected fromthe group

consi sting of arginine, |ysine, aspartic acid, glutamc acid, asparagine,
gl utam ne, histidine, alanine, gl |soleu0|ne | euci ne, vali ne,
phenyl al ani ne, tryptOr‘-' q ZENS WEE NERQTIONS, N THE coni ne and

proline. 7. The sonat otropleglmﬂ'!m 3 Rgt;_gbm 6,;\N\zghere| n said am no acids

are individually selected fromihe group c Q t NG gJutam ¢ acid and

al ani ne. 8. The sonat ot FepH-EtEeTdFg~t-o—Sarm— 3 4 the cysteines at
positions 183 and 191 are replaced wth glutan1c aC|d 9. The somatotropin
according to aim1l wherein the somatotropin is net-asp-gln- des(ala)
porcine somatotropin. 10. The sonatotropln accordlng to Claim2 wherein the
somatotropin i s net-asp-gl n-ARGERACT H1jE opi n.

The present invention relates to somatotropin

analogues with amino acid changes in the alpha-helix 1
regions of said somatotropins, alone or in combination
with mutations in the alpha-helix 3 and/or alpha-helix
2 regions, plus combinations with other changes to the
native amino acid sequence of somatotropins. The
resulting analogues are stable for formulation in
sustained release formulations, while maintaining
biological activity. Further, methods for conducting
site-directed mutagenesis on DNA encoding proteins
and/or polypeptide alsoc are provided.

Figure 1
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native form of said somatotropin while maintaining biological activity in a
sustained release formulation and wherein said alpha-helix 1 double mutation is

selected from the group consisting of A6TS11R or PBTS11R.

. A porcine somatotropin comprising: a mutation of said somatotropin in the alpha-
helix 3 region and a double mutation in the alpha-helix 1 region thereby making
said somatotropin more soluble than the native form of said somatotropin while
maintaining biological activity in a_sustained release formulation and wherein said
alpha-helix 3 mutation is 1122L and wherein said alpha-helix 1 double mutation is
ABTS11R.

. The somatotropin according to Claim 1, wherein of the four (4) cysteine, two in
the small loop and two in the large loop, at least one (1) is replaced by amino
acids individually selected from the group consisting of arginine, lysine, aspartic
acid, glutamic acid, asparagine, glutamine, histidine, alanine, glycine, isoleucine,
leucine, valine, phenylalanine, tryptophan, tyrosine, methionine, serine, threonine

and proline.

. The somatotropin according to Claim 3, wherein said amino acids are individually

selected from the group consisting of glutamic acid and alanine.

. The somatotropin according to Claim 4, wherein the cysteines at positions 183

and 191 are replaced with glutamic acid.

. The somatotropin according to Claim 2, wherein of the four (4) cysteines two in

the small loop and two in the large loop, at least one (1) is replaced by amino

* C L M s *
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and proline.

7. The somatotropin according to Claim 6, wherein said amino acids are individually

selected from the group consisting of glutamic acid and alanine.

8. The somatotropin according to Claim 7, wherein the cysteines at positions 183

and 191 are replaced with glutamic acid.

9. The somatotropin according to Claim 1 wherein the somatotropin is met-asp-gin-

des(ala) porcine somatotropin.

10. The somatotropin according to Claim 2 wherein the somatotropin is met-asp-gin-

des(ala) porcine somatotropin.
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