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A method for producing insulin and derivatives thereof, and hybrid peptide used in this method

The subject of the invention is a method for producing insulin and derivatives thereof, as well as a
hybrid peptide used in this method.

Diabetes (diabetes meliitus}, a metabolic disease (a group of metabolic diseases} of multifactorial
eticlogy, is one of the most dangerous diseases of society and civilization, also sometimes called the
epidemic of the XXI century. Due to serious complications, diabetes can lead to death of the patient
if left untreated. In the case when chronic hyperglycemia is caused hy insufficient secretion of insulin
by the body - type 1 diabetes — the therapy requires continuous use of insulin and/or its analogues.
The number of diabetic patients is 5-6% of the population, and the annual increase in the number of
diabetics is approx. 4-6% depending on the region of the world. The incidence of this disease
continues to rise; it is considered a disease of civilization - the current lifestyle greatly contributes to
the development of diabetes - for this reason, so far efforts to stop the development of this disease
have failed. Also, despite medical advances, insulin and its fast-acting and long-acting analogues form
the basis for treatment of type 1 diabetes (10% of the total number of cases of the disease). Insulin
and various derivatives thereof used in large quantities in the treatment of diabetes are produced in
a large industrial scale, and for this reason production methods are constantly improved in order to
increase process vield and lower production costs. The economics of the production process is also
impertant for the growing number of biosimilar insulin manufacturers {e.g.: S. Gough, Practical
Diabetes 2013, 30 (4), 146-147a, G. Dranitsaris, E. Amir, K, Dorwari, Drugs 2011, 71 (12) 1527-1536].
In the first years following the discovery of insulin, animal insulin secreted from the bovine or porcine
pancreas was used as a human drug. Humanization of those insulins by replacement of the differing
amino acids with the synthetic method was not applicable in industrial scale. It was not until the
biosynthetic methods solved the problem of patient access to human insulin, and the first process
was biotechnological generation of separate recombinant A and B chains of human insulin, and then
assembling them into the same hormone as produced endogenously in the human pancreas (D. V.
Goeddel et al, Proc. Nat. Acad. Sci,, 76: 106-110, 1979). Since the end of the last century,
biosynthetic human insulin and analogues thereof, produced by the transformation of a single chain
fusion protein, are the main source of this hormone as an exogenous drug. It is produced in
recombinant bacterial systems, particularly in the cells of Escherichia coli (Polish patent No. PL 127
843), or yeast (L. Thim et al., Proc. Nat. Acad. Sci. USA, 83: 6766-6770, 1986). The method of
producing these drugs is generally described in numerous patent specifications and scientific
publications and is based on the overexpression of a gene encoding preproinsulin, i.e. a hybrid
polypeptide consisting of a leader protein and proinsulin, i.e. the insulin B-chain (or derivative

thereof), a linker peptide and the insulin A-chain (or derivative thereof). Once the fusion protein is
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isolated, the next manufacturing step is removal of the leader protein and the linker peptide,
followed by isolation of the pure hormone. One example of such a process is a method of producing
human insulin as described in Polish patent No. PL180818, and these methods are being continuously
improved {e.g. Polish patents: PL167810, PL168114, PL177002, PL178466, PL180968, PL183234,
PL191901, PL1S6626, PL198190, PL203195, PL203254, PL210437 and Polish patent applications
P.309882, P.310007, P.320644, P.356005, P.374949, P.385586 and P.331975).

The bhiosynthetic human insulin and analogues thereof are the primary therapeutics in the treatment
of type 1 diabetes and have significant value in the treatment of type 2 with different glucose control
issues. Although the treatment with human insulin has brought satisfactory results in most cases for
over 30 years, a nhumber of analogues were created for improved metabolic control of diabetes due
to their faster or prolonged action. For several years, the sales of insulin analogues have exceeded
the half of the global insulin market, while patent protection of those drugs is beginning to expire.
This situation allows entering the medical markets by new manufacturers of such insulins as
biosimilar drugs, in accordance with the regulations of the European Union and the United States.
For these reasons, efficient biosynthesis methods are becoming important, to provide high
expression of the proteins of interest.

Polish patent No. PL180 818 describes an efficient method to produce recombinant human insulin
using £. colfi bacterial strain lacking the cytR repressor {described in European patent application No.
EP.0303972) transformed with a plasmid with deo operon containing the coding region for the hybrid
protein {precursor) including a leader peptide, 62 amino acids long derived from the N-terminus of
modified human superoxide dismutase (CuZnSOD) preceded by the N-terminal amino acid Met and
ending with the C-terminal Arg residue linking it to the insulin B-chain. The insulin B-chain is linked to
the A-chain with a short linker peptide composed of the known linkers Lys-Arg (European patent
specification No. EP195 691) or Arg (European patent specification No. EP347 781).

The aim of the invention was to provide an efficient process for producing insulin and analogues
thereof that would exceed by several percent the yield of the process using the peptide C as a linker
protein, as well as the hybrid proteins that are used in this method.

The subject of the invention is a polypeptide having the amino acid sequence of the formula:
Xo-B-Arg-Arg-A

where:

A is a polypeptide of the insulin A-chain or analogue thereof, preferably a sequence selected from
SEQ. ID No.: 1-4.

B is a polypeptide of the insulin B-chain or analogue thereof, preferably a sequence selected from
SEQ. ID No.: 5-7.

nis0orl,
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X is a leader protein polypeptide, preferably a sequence selected from SOD of SEQ. No.: 8 or UBI of
SEQ. No.: 9.

Preferably, the polypeptide of the invention has an amino acid sequence selected from: SEQ. ID No.:
10-27.

The polypeptide of the invention is intended for the production of human insulin by expressing the
polypeptide in a strain of Escherichia coli lacking deo repressors and/or deo (cytR} gene containing
DNA encoding said polypeptide, wherein said DNA is present in a vector under the control of deoP,P;
promoter, while the hybrid polypeptide comprises a insulin B-chain covalently bound to the A-chain
via Arg-Arg dipeptide.

Thus, a further subject of the invention is a method for producing human insulin comprising
microbial expression of a recombinant protein containing insulin characterized in that it comprises:
(a) obtaining a hybrid polypeptide comprising proinsulin by expression of the hybrid polypeptide in a
cell of an Escherichia coli strain lacking deo repressor and/or deo (cytR} gene containing DNA
encoding the hybrid polypeptide, wherein the DNA is present in a vector under the control of
deoP,P; promoter, while the hybrid polypeptide comprises the insulin B-chain covalently bound to
the A-chain via Arg-Arg dipeptide,

(b) recovering of the hybrid polypeptide,

{c) folding and formation of disulfide bonds within the hybrid polypeptide obtained in {b}, avoiding
prior subjection of the hybrid polypeptide to sulfitolysis,

{d) subjecting the hybrid polypeptide obtained in {c} folded, with disulfide bonds formed, to
enzymatic digestion in order to produce insulin,

(e} purifying the insulin so produced.

The human insulin A-chain and the human insulin B-chain according to the invention is intended to
mean both a polypeptide having the naturally occurring amino acid sequence and a sequence of its
known analogue.

Preferably, the hybrid peptide is a peptide of the invention as defined above.

Preferably, at the step (a) the expression is performed in E. coli strain of the genotype £ ara A(pro
lac) rpsL thi cytR recA A” devoid of active cytR repressor protein.

Preferably, at the step {a) a plasmid p/BA of the sequence SEQ ID NO: 28 is used as the vector.
Preferably, step (a) comprises fermentation in the presence of glucose, glycerol or galactose.
Preferably, step (b) comprises:

(i} destruction of the cell wall of the bacterial cell or its fragments to form a lysate, preferably by the
action of lysozyme and Triton X100 followed by sonication or disintegration;

(ii} isolation of intracellular inclusion body precipitate from the lysate by centrifugation; and

(iii) dissolving the inclusion body precipitate,
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Preferably, step (c} comprises incubating the hybrid polypeptide, preferably in the presence of
ascorbic acid, in particular at a concentration of about 2 moles per mole of SH groups present in the
mixture, at a temperature of 4 to 37°C for about 1 to 30 hours, preferably about 5 hours, at a pH of
8.5 to 12, preferably atapH of 11.0 to 11.25.

Preferably, the step (d) further comprises:

(i) adjusting the pH to about 8.8-9.0; and

(i1) digestion of the hybrid polypeptide with trypsin or optionally with deubiquitinating protease, e.g.
UBP1AC or UBP1ACZ, and subsequently optionally with carboxypeptidase B at a temperature of 16-
37°C for 30 minutes to 16 hours.

Preferably, step (e) further comprises purifying the solution by low-pressure liguid chromatography
on Sepharose Q prior to trypsin digestion.
- Preferably, step (e) further comprises purifying the solution by low-pressure chromatography on
DEAE-Sepharose prior te carboxypeptidase B digestion.

Preferably, step (e} further comprises purifying the resulting insulin by high-performance liguid
chromatography, preferably to a purity of at least 98%, followed by crystallization, filtration and
drying.

Preferably, the insulin purified at the step (e} is a protein selected from the group comprising: human

B28 825 A22 B31

insulin, human insulin Lys®Pro™ (lispro insulin), insulin Gly™“Arg™" (GR insulin), human insulin
Ser™®Arg®™! (SR insulin), insulin  Ser*®Lys®Arg®™' (SK3R insulin), proinsufin B-ArgArg-
A:dezAsn®GIyAE,

Detatled description of the invention

As part of the search for high yield expression systems of insulins, studies have been planned on the
effects of the type of linker peptide linking the A and B chains (proinsulin} on the yield of insulin and
its analogues in the gene system described in the Polish patent No. PL 180 818,

The recombinant preproinsulin according to the invention is understood as a connection of
proinsulin and an additional leader polypeptide, for example ubiguitin or superoxide dismutase
{SOD), or fragments thereof. In the light of recognized terminclogy, the recombinant proinsulin is
understood as a polypeptide chain, wherein the A and B chains of human insulin or an analogue
thereof are connected to any {poly)peptide {linker), that allows them to fold by creating two
disulphide bonds hetween the chains A and B and the third one - within the chain A.

The recombinant insulin according to the invention is meant human insulin or its recombinant analog
of hypoglycaemic activity.

According to the research results, the particularly efficient method to produce insulin and analogues
thereof according to the invention, comprising the microbial overexpression of a gene encoding the

recombinant hybrid polypeptide, comprising proinsulin, in cells of Escherichia coli bacterial strzins
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lacking the cyiR repressor transformed with an appropriate vector with relevant gene inserted under
the control of a deoP1P2 promoter, consists in that the proinsulin produced comprises the insulin B-
chain covalently bound to the A-chain via Arg-Arg dipeptide as a linker peptide. In order to perform
the studies, pIBA plasmid has been prepared on the basis of patent specification No. PL 180 818,
containing a region encoding the deoP1P2 promoter and a gene fragment of human superoxide
dismutase (SOD, 62 aa) or ubiquitin (UB!} as described in U.5. patents 8,158,382 and 8,956,848, as
well as by A. Wojtowicz et al., Microbial Cell Fact. 2005, 4: 17 and Microb Cell Fact. 2014; 13 (1): 113.
Further, a fragment encoding the relevant preinsulin is in the same reading frame — cptionally
modified B-chain, the linker peptide and optionally modified A-chain. The regulatory elements of the
plasmid are derived from pBR322 vector {ATCC 31344). The deoP1P2 promoter is derived from the
bacterial deo operon composed of four closely related genes that regulate nucleotide and
deoxynucleotide catabolism in Escherichia coli bacteria; its sequence was amplified from
chromosomal DNA of E. coli K12 strain based on the nucleotide sequence from gene database
[GenBank: APOD9048]. Based on the strain of £. cofi CSH50 (ATCC: 39111; Cheng et al., Gene, 14
Suppl. 1-2: 121-130, 1981), the E£. cofi IBA strain was derived with the F~ ara Afpro lac) rpsL thi cytR
recA A7 genotype, devoid of active cytR repressor protein by introducing a mutation into the gene
using the method described in European patent application No. EP0303972. After transformation of
E. coli IBA host strain with the pIBA plasmid, a system was obtained as described in Polish patent PL
180 818 to express the encoded fusion protein in a p/BAINS vector under the control of the deoP1P2
promoter, which is negatively controlled by a chromosomal repressor protein, the product of cytR
gene (K. Hammer-lesperson et al., Molec, Genet, 1975; 137: 327-335). The construction of plasmids
used elements-DNA fragments encoding various leader proteins and various insulin derivatives,
wherein the (pro}insulin A-chain was linked to the insulin B-chain via various linker peptides -~
examples of which are given below.

The production yield of insulin and its analogues in this expression system and with different linker
peptides was compared with expression of these hormones with other strains of £. coli and a vector
which is derived from the plGAL plasmid (Gene Bank AY 424310), investigating in particular the
relationship between the yield and the type of peptide linker.

The linker peptide sequences used were:

1. Lys-Arg

2. Arg

3. Arg-Arg

4. C-peptide

According to the invention the thoroughly investigated insulin and its derivatives-analogues were;

recombinant human insulin (Polish patent specification No. PL128 599)
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Lys®2®Pro®® human insulin {lispro insulin, Polish patent specification No. PL180 S68)
Gly**?Arg®™! human insulin; (Polish patent specification No. PL219335 or US 08,618,048, GR insulin),

Ser®#

Arg®! human insulin (description of Polish patent application P.219335, SR insulin),
Ser*?Lys®Arg®™ human insulin {description of Polish patent application P.399287, SK3R insulin) and
preproinsulin (precursor} G: leader protein — B-chain — linker — A-chain: dezAsnA21GIyA21.

The E. coli IBA was used as the £. coli host strain to study the yield; the essence of its properties is the
inactive gene of cytR repressive protein, which is disclosed and described in the literature (e.g. Miller
J H., Experiments in molecular genetics, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 1972)
or in U.S. patent description 4,480,038 or Polish patent description PL 180 818 for £. cofi strains
deposited under accession numbers ATCC 69361 and 69363. Other strains widely used in research —
E. coli DH5, E. coli DH5alpha. and E. cofi HB101 — were used for comparative purposes.

The pIBA vector — deoPI1P2 promoter, tetracycline resistance, terA Trp transcription terminator — was
used as the plasmid for protein expression in the yield studies, but for comparative purposes also
other vectors were used: plGAL1L derivative (Gene Bank AY 424310) — pms promoter, ampicillin
resistance, ST1 transcription terminator; pIGALL derivative — pms promoter, tetracycline resistance,
terA Trp transcription terminator and plGALl derivative — deo FPIP2 promoter, tetracycline
resistance, ST1 transcription terminator. A modified fragment of SOD, as in Polish patent
specification No. PL 180 818 and a modified ubiguitin (UBI), as described in U.S. patent specification
8,158,382 and 8,956,848, were primarily used as the leader protein in the yield studies. In the
present description, the terms S0OD and UBI represent compounds described respectively in these
patent specifications. The process for producing each of the insulin which is the subject of the
present application is carried out with a classical method of genetic engineering and hiotechnology. It
consists in that a suitable strain is constructed, which in a process of biosynthesis (fermentation)
produces the desired hybrid polypeptide (relevant preproinsulin}, which is then transformed into the
desired product, purified and isclated.

The system is universal to produce recombinant human insulin and its studied - slightly different —
analogues. For this purpose modifications of the recombinant human prepreoinsulin gene were
constructed using genetic techniques, such as site-specific mutagenesis reaction. Point mutagenesis
reaction was carried out using a kit from Stratagene (Cat. No. 200518-5); plasmid DNA of pIBA and
pIGAL plasmids was used as the template. Also any other DNA comprising the relevant sequence
coding for recombined human proinsulin or preproinsulin can be used as the template.

For each insulin plasmid constructs — vectors — were prepared that encoded the studied
{pre)proinsulin with a linker {poly) peptide, and elements-DNA fragments encoding various
proinsulins were used for the plasmid construction — consisting of various linker peptides and of

various insulin derivatives.
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These vectors were used to transform competent cells of a suitable Escherichio coli strain, for
example IBA, DH5q, DH5 or HB101, and it is possible to use cells of other E. coli strains or cells of
other microorganisms, or other known cell lines suitable for recombinant protein expression. The
plasmid containing the specific gene medification of recombinant human preproinsulin was isolated
and sequenced to verify the correct transformation and nucleotide sequence. Single clones of the
transformad strains were typically cultured in appropriate medium supplemented with selection
antibiotic to prepare the bacterial material for the research bank, and the samples of bacterial
cultures and 40% glycerol in the ratio 1:1 were deposited at -70°C. All research bank strains were
subjected to extensive microbiological, hiochemical and physicochemical testing, which confirmed
their stability and compatibility of their properties with the requirements applicable to industrial
banks. The course of subsequent biosynthesis was based on Polish patent specification No. PL 180
818. Following biosynthesis, the variants of the recombinant preproinsulin produced in E. coli strains
were isolated after cell disruption as inclusion bodies, which were separated. Hybrid polypeptide
with insulin or analogue thereof {correspending preproinsulin) was isolated from the inclusion
bodies, and then subjected to folding {renaturation). The resulting solution of folded hybrid protein
was subjected to the controlled action of trypsin, similarly as in the case of a number of methods
known and described previously {e.g. by Kemmler et al, J. Biol. Chem., Vol. 246, pp. 6786-6791
{1971} or patent specifications US 6,686,177 or US 6,100,376}, or deubiquitinating protease, as
described in patent specifications US 8,158,382 and US 8,956,848, as well as by A. Wojtowicz et al.,
Microbial Cell Fact. 2005, 4: 17 and Microb Cell Fact. 2014; 13 (1): 113, or hoth of these enzymes. In
some cases (human insulin, lispro insulin} additional amino acids of the linker peptide were removed
by carboxypeptidase B action; in other cases, this step was omitted. The resulting insulin and its
analogues were subjected to a process of purification using known methods, mainly low-pressure
chromatography, ultrafiltration, and HPLC. From the sufficiently purified — meeting pharmacopoeial
requirements — soltution of insulin or its analogue, the product was crystallized and dried.

in order to compare the expression yield for each host and each variant of the system, the
biosynthesis, isolation and purification of the product was developed and optimized for each strain.
The biosynthesis of Escherichia coli strains lacking the cytR repressor transformed with a suitable
vector with relevant gene inserted under the control of appropriate deoP1P2 promoter was carried
out according to the description of Polish patent specification No. PL 180 818, in fermenters of 7.5
dm? in volume, using approx. 3-5% of the inoculation material and minimum, industrial medium for
inoculum and production culture and controlling the induction of a desired product with glucose,
according to example 2 of Polish patent specification No. PL 180 818. The bicsynthesis of other E. coli
strains was performed in accordance with the general methods of their cuiture. Inocutum culture was

carried out for approx. 10 hours, until the end of the logarithmic phase of bacterial growth, and
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production culture for approx. 16 hours. The subseguent process of product separation,
transformation, and purification was also conducted as described in Polish patent No. PL 180 818 —
optimized example 2 and 3. In particular, on completion of the production biosynthesis the resulting
broth was cooled to approx. 10°C, £. coli cells were centrifuged, subjected to action of lysozyme and
Triton X100, and then sonicated with ultrasound or disintegrated with pressure at 5-10°C. The
inciusion bodies were centrifuged again, washed, and then subjected to renaturation, as generally
described in example 3A of the Polish patent PL 180 818. Except for the proteins obtained according
to Example 6, the further optimized process consisted in subjecting the sclution to low-pressure
liquid chromatography on DEAE Sepharose following citraconylation and digestion with trypsin or
digestion with deubiquitinating protease and trypsin. After decitraconylation and precipitation and
dissolution of the protein, the solution was subjected to another low-pressure liquid chromatography
-using-Sepharose Q resin, followed by optional digestion of the linker peptide with carboxypeptidase
B. After the final high-performance chromatography on Kromasil C8-18, the product purified at least
to 98% purity was subjected to crystallization, filtration and drying. Detailed description of the entire
process, completely comparable between specific insulins, is given in the examples. The process was
performed in a pilot scale, using the methods and devices used in industry. After process
optirmization, three more batches of each of insulin were carried out to study the vyield of the
process, and the presented results are the average of each of them.

To compare the expression yield, at a fixed production process, analytical tests of five operations
were selected from the unified process control:

(1) optical density (ODgge) of completed production culture;

{2) weight of the culture (isolated bacteria), expressed in g per 1 dm? of production culture {wet
and/or dry};

(3} weight of the isolated inclusion bodies, expressed in g per 1 dm® of production culture (wet
and/or dry or as dry weight of the slurry in a buffer);

{4) total protein (after precursor folding} as determined by a spectrophotometric method and
expressed in AU/dm® or HPLC and expressed as % folded precursor in the total protein;

(5) weight of the purified final product expressed in mg per 1 dm?® of production culture.

in the case of lispro insulin the analytical results of most steps are given — total protein determined
by spectrophotometry and expressed in AU/dm’ and the Bradford method and expressed in grams
per 1 dm? of production culture.

A general block diagram of the production of insulin and its derivatives is shown in Scheme 1.

The invention discloses that the final yield of biosynthetic human insulin and ifs analogues, using the
optimized technological process of biosynthesis, secretion, transformation, and purification,

depending on the degree of overexpression of the gene encoding preproinsulin in the modified
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Escherichia coli cells {with inactive cytR repressors that negatively regulate deo operon} transformed
with 2 specific plasmid (with deoP1P2 promoter} surprisingly depends primarily on the peptide linker
used, which links the A and B chains of insulin.

According to the invention it was surprisingly found that the highest yield in this system is obtained
when the peptide linker is Arg-Arg dipeptide.

Through the invention, specific conditions for preparation of human insulin and its analogues by
genetic engineering are given, using the microbial overexpression of the relevant prepreoinsulin in the
cells of Escherichia coli strains devoid of deo repressors and/or deo gene, containing plasmid DNA
coding for an appropriate hybrid polypeptide in a vector under the control of deoP1P2 promoter at
the optimum perfarmance ~ significantly increased when compared to the published data.

In the following embodiments of the invention the structure, yield and purity of all products were
routinely determined by known methods of HPLC and UV spectrophotometry; to fully characterize
the produced insulins, numerous modern methods and analytical techniques were used, including
MS, CIEF, LC-MS/MS, GC, peptide mapping, NMR, crystallography and powder X-ray diffraction, CD,
FTIR, ELISA or PCR and seguencing of amino acids and nucleotides,

In order to better explain the principle of the invention, the present description is supplemented
with a detailed discussion of the exemplary embodiments, including the drawings, showing the
general structure (Fig. 1) and the sequence (Fig. 2) of the p/iBA plasmid, both ready for insertion of a
hybrid protein gene and as an exemplary embodiment in the form of plasmid containing a gene
encoding the insulin hybrid protein (Fig. 3 and Fig. 4).

No detailed descriptions of conventional bioengineering methods used in the construction of specific
genes, plasmids, vectors with inserted genes encoding studied preproinsulins or methods of
transformation of bacterial strains with these vectors, were given in the examples, as well as no
methods for testing the stability of these strains. Such methods are well known to those skilled in the
art and used in biotechnological laboratories, as well as described in numerous publications, of which
the key ones are provided herein. The final products produced with method according to the
invention are known insulins, most of the specific bicengineering methods for the construction of
these recombinant bacterial strains are disclosed in the Polish patent PL18096& and Polish patent
applications P.385586 and P.399287.

No detailed descriptions of standard analytical methods used for determination of content and
concentrations of proteins and insulins at the specific manufacturing steps are given, since these
methods are also well known to relevant skilled in the art and routinely used for protein

determination.
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The following examples, not limiting the scope of the invention, describe in detail the research
methodology that allows in a fully controlled way to compare the obtained representative research

results on the relationship between the process yield and the structure of the linker peptide.

Examples

l. General procedure of the process

Step 1. Research Bank - primary culture

Primary cultures of E. cofi strain IBA, DH5 DH5alpha and HB101 containing the pIBA vector and
plGALL derivative as protein expression plasmids {Gene Bank AY 424310} were performed
according to the requirements (ICH Topic Q 5 D: Quality of Biotechnological Products:
Derivation and Characterization of Cell substrates Used for Production of
Biotechnological/Biclogical Products and ICH Topic @ 5 B: Quality of Biotechnclogical
Products: Analysis of the Expression Canstruct in Cell Lines Used for Production of r-DNA
Derived Protein Products) in the basal medium:

The basal medium:

— casein hydrolyzate 20g

— yeast extract 10g

— Nacl 50¢g

— water to a volume of 1 dm?

— antibiotic (tetracycline or ampicillin) to a final concentration of 12.5 ug/cm3 for TET or 100
ug/cm® for Amp

The flask with the basal medium and antibiotic was inoculated with a single bacterial coleny
obtained after transformation and shaken {220 rpm) at 37°C to an optical density ODggp of
approx. 1.

The resulting culture was mixed with the freezing medium {1:1} and frozen at -70°C in 1 ml
aliguots.

The freezing medium:

— K,HPO, 63¢g
~ KH,PO,4 1.8¢g
— sodium citrate x 2H,0 0.57g
— MgS0, x 7H;0 0.05¢g
~ (NHg4}:50, 09g
— glyeerol 440¢g

- water to a volume of 450 ¢m®
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For the resulting bacterial culture the following assays were performed:

« measurement of the optical density OD of the culture at 600 nm;

¢ checking the homogeneity of bacterial culture by preparation of live specimen.

Bacterial culture purity, morphological characteristics — appearance, shape of the cells — were
evaluated. Observation of the specimen using Olympus CX 40 microscope;

» calculating the most probable number of colony forming units on the TSA medium and TSA
with a specific antibiotic — cfu/ml;

* checking microbiological purity of the culture using Sabouraud media (to identify fungal
contamination) and TSA (to identify contamination by other bacteria).

Step 2. Inoculum

The inoculum was prepared in flasks of 250-300 ml in volume filled with 50 ml of inoculum
. medium. To each flask the foliowing sterile solutions were added:

« antibiotic (tetracycline or ampicillin, 12.5 mg/ml) S0 ul

* glucose 50% 500 ul

Additionally added to the cultures of E. coli IBA were:

* proline (100 mg/ml} 300 pl

e thiamine {50 mg/mi) 2-5ul.

After inoculation of the flasks with primary culture (working bank), the inoculum was
incubated at 30-37°C for 16-18 hours to CDggo approx. 0.7-1.0 on a shaker at 180-200 rpm.

The inoculum medium {components for 1 dm?):

— K,HPO, 9g
— KH,PO,4 lg

-~ NaCl 5g

— NHqCl lg

- MgSO; - 7H,0 04dg
~ iron-ammaonium citrate 0.01g
— yeast extract 02g
— trace element solution 1mi

s MnSO,x H,0 1 g/dm?

s ZnS0,x 7 H,0 2,78 g/dm?

» CoCl,x7 H,0 2 g/dm?

s Na;MoO,x2H,0 2g/dm®
s CaCl;x 2 H,0 3 g/dm®
o CuSO,x 5 H,0 1.85 g/dm®
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s H3BO, 0.5 g/dm®

* HCI (32%)} 100 mi/dm’

Step 3. Production culture (NewBrunswick BioFlo 310 fermenter, 7.5 dm® {starting volume 4 dm®)
initial culture parameters:

= Temperature: 37°C

» pH:7.1+0.01

» DO: 30-35%

= rotations: 250 rpm

* air flow: 5 dm*/min.

To the sterile fermenter with 4 dm? of the production medium and antifoaming agent Antifoam 204
(0.5-1 ml, Sigma) sterile solutions were added:

* 6 g of Mg50, x 7H;0 in 80 em® of water

¢ 0.2gCaCl,x 2H,0in 60 cm’ of water

* glucose 50%, 4 cm®

Additionally added to the E. cofi IBA cultures:

« proline (100 mg/ml} 24 em®

» thiamine (50 mg/ml) 200-500 pl.

The production medium:

— K;HPO4 8 g/dm?
— KH,PO4 2 g/dm’
— NH,C! 3g/dm?
— iron-ammonium citrate 0.15 g/dm’
— K250, 0.9 g/dm’
— sodium citrate 3.0g/dm®
— trace element solution 3em?

s MnSO4sx H,0 1g/dm?

s ZnS0;x 7 H,0 2.78 g/dm?

o CoClbx7H:0 2 g/fdm’

o Na;MoO,x2H,0 2g/dm’

s CaClyx2H,0 3 g/dm’

e CuSO.x5H,0 1.85 g/dm?®

* H3BO, 0.5 g/dm®

»  HCI(32%) 100 ml/dm?
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Medium in the fermenter is inoculated with inoculum and cultured in appropriate conditions. 40%
glucose solution, as a source of carbon and energy for biomass production, is continuously fed into
the fermenter (supplemented with proline 10-30 mg/ml in the case of E. coli IBA) so that its
concentration is 70-180 mg/dm>.

pH (7.1 +/- 0.1} is controlled by cascade using 16% ammonia, The oxygen level in the medium is
maintained at a level not lower than 30-35%. This parameter is controlled depending on the reading
from DO electrode by the increase in impeller speed from 250 to 1000 rpm and in air flow from 5 to
10 dm’/min. After reaching the maximum speed of the impeller and the maximum air flow (approx.
7-10 hours) the addition of glucose is stopped; ODgqp value (in the case of £. coli IBA/pIBA) is approx.
25-35,

After a decline in glucose concentration, s addition is maintained so that the concentration is
approx. 35-50 mg/dm? and the pH was kept at 7.1 +/- 0.1. This phase of the biosynthesis is carried
out until the cells reach the stationary growth phase {increase in optical density of the culture is no
longer observed) and lasts approx. 7-8 hours. At the end of the recombinant protein production
phase ODggo is 50-60 in the case of E. coli IBA/pIBA strains. The culture is then cooled to a
temperature below 20°C, preferably approx. 10°C.

Step 4. Centrifugation

The biomass is centrifuged using a fixed centrifuge at 6,000-8,000 rpm for 15 minutes and at a
temperature of 4°C, The fermented broth may he centrifuged using a flow centrifuge.

Step 5. Isolation of inclusion bodies

The biomass is resuspended in 1 dm® of 50 mM Tris buffer, 0.5 M NaCl and 5 mM beta-
mercaptoethanol, pH 7.5, and lysozyme is added to a concentration of 0.43 mg/cm® and 0.2 M EDTA to
a concentration of 0.5%, then incubated for 30 minutes at room temperature and subjected to
disintegration by sonication or pressure.

Step 6 - option 1: Sonication.

The material is cooled o approx. 10°C, divided intoc 4 parts, Triton is added to 1% and each portion is
sonicated for 30 minutes with the amplitude of 33%. The sonicated sample is centrifuged at 8,000 rpm
for 15 minutes at room temperature. The pellet is then resuspended in 1 dm? of 50 mM Tris buffer, 0.5
M NaCl and 5 mM beta-mercapioethanol, pH 7.5 and sonicated again for 10 minutes. The inclusion
bodies are centrifuged at 8,000 rpm for 15 minutes at room temperature.

Step 6 - option 2: Pressure disintegration.

The material is cooled to approx. 10°C, subjected to pressure disintegration {Panda+1000, GEA Niro
Soavi) at a pressure of 800 bar at a rate that ensures total destruction of the cells (microscopic

inspection), and cooling the suspension so that the temperature does not exceed approx. 10°C.
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Step 7. Dissolution of inclusion bodies

The inclusion bodies were dissolved in adequate amount of 12 mM bicarbonate buffer and 0.2 mM
EDTA to obtain absorbance values below 9 at a wavelength of 280 nm. The solution is adjusted to a pH
value of 11.5 + 0.5 with 2 M NaOH and stirred for 30 minutes at room temperature. Then the pH is
adjusted to 10.8 £ 0.4 with 2 M HCl. The solution is clarified by centrifugation at 12,500 rpm for 15
minutes at 4°C.

Step 8. Renaturation

After dissolving the inclusion bodies, the protein is renatured by aeration — vigorous stirring for
approx. 16-18 h at room temperature. The pH is then adjusted to pH 9.0 with 2 M HCI.

Step 9. Citraconylation

Citraconic anhydride is added portionwise to the protein solution in an amount calculated according to
the formula: anhydride volume {cm?) = 0.15 x solution volume [dm?] x Ajg and 2 M NaOH to maintain
the pH in the range of 8.7-9.3. After adding the entire amount of the anhydride, the solution is stirred
for 1 hour, then solution of 2 M ethanolamine in the volume of three times anhydride volume is
added, followed by stirring for 30 minutes.

Step 10. Trypsination

After citraconylation the pH of the solution is adjusted to a value of 8.8 with 2 M HCl and diluted with
water so that the conductivity reaches less than 5 mS. Then 1% trypsin solution is added in an
amount calculated according to the formula:

volume of trypsin = Azg X volume of a solution of [dm®] / 95)

and stirred for 16-18 hours at room temperature. The reaction is inhibited with aprotinin solution
with a concentration of 1 mg/ml, added in an amount 21-times less than the volume of trypsin.

Step 11. Cutting off the leader protein - ubiquitin.

20 mM phosphoric acid is added to the protein solution at a temperature of 10°C to obtain a pH
value of 7.5, and then at 37°C 19.2 cm® UBP1AC protease solution is added at a concentration of 1
mg/cm® and stirred for 1 hour. After cooling to 4°C the solution is clarified by centrifugation at
12,000 rpm for 15 minutes.

Step 12. The low-pressure chromatography on a bed of DEAE Sepharose

The solution at pH 8.6 + 0.2 is loaded onto a column packed with DEAE resin (200 cm®) and
equilibrated with 0.5 M Tris, pH 8.6 + 0.2 followed by 20 mM Tris, pH 8.6 + 0.2. After loading, the
column is washed with buffers at pH 8.6 £ 0.2: 20 mM Tris with NaCl until conductivity is 5 + 1 mS,
and then 20 mM Tris with NaCl until conductivity is 2 £ 1 mS and with 20 + 5% isopropanocl. The
insulin protein is eluted with a buffer at pH 8.6 + 0.2, consisting of 20 mM Tris with NaCl until

conductivity is 5 £ 1 mS and supplemented with 25 + 5% isopropanol.
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Step 13. Decitraconylation

The main fraction eluted from the column is diluted 2 times, cooled to 4°C and acidified with 0.1 M
HClto a pH of 2.9 £ 0.2, then stirred 10 hours.

Step 14. Precipitation of insulin with zinc chloride.

A volume of 1 M zinc chloride, which corresponds to 1/50 of the volume of the main fraction, is
added to the diluted main fraction, pH adjusted to 5.5 £ 0.5 and stirred for 1 hour. The suspension is
then centrifuged at 9,000 rpm for 15 minutes at 4°C. The resulting pellet is suspended in water.

Step 15, Low-pressure chromatography on Sepharose Q resin.

The insulin suspension is supplemented with water to a volume calculated according to the formula:
total volume = total amount of protein obtained after DEAE [AU Azgol / 7, Tris pH 8.6 is added to 3
concentration of 30 mM and 0.2 M EDTA solution is added in an amount calculated according to the
formula: volume [cm®] = total amount of protein obtained after DEAE [AU A.gg] / 190, and then the
pH is adjusted to 8.6. The solution of dissolved zinc salt of insulin at pH 8.6 is loaded onto a column
packed with the Q resin (80 ¢m®) and equilibrated with 0.5 M Tris, pH 8.6 and then 20 mM Tris, pH
8.6. After loading, the column is washed with 20 mM Tris buffer with 20 + 5% isopropanol, pH 8.6,
and then the insulin protein eluted with a buffer at pH 8.6 consisting of 20 mM TRIS with NaCl until
conductivity is 3 £ 2 mS and with 25 + 5% isopropanol.

Step 16. Reaction with carboxypeptidase B.

The main fraction eluted from the column is diluted two times and a solution of carboxypeptidase B
at concentration of 2.5 mg/em?® is added in an amount calculated according to the formula: volume
[em®] = total amount of protein obiained from Q [AU Asgl / 15. pH of the solution is adjusted to 8.8
and the solution is stirred for 16-18 hours at room temperature. The pH is then adjusted to 3 and the
solution is purified by high-pressure chromatography.

Step 17. High-pressure chromatograghy RP-HPLC.

The separation is carried out on a Kromasil C8 or C18 column using an acetonitrile gradient:

Phase A Phase B
95% 5%
75% 25%

Mabile phase A: 2,000 cm?® of a 0.2 M sodium sulfate solution with 440 cm® of acetonitrile, pH 2.3
and a temperature of 25-30°C;
Mobile phase B: 1,250 cm® of a 0.2 M sodium sulfate solution with 1,250 cm® of acetonitrile, pH 23
and a temperature of 25-30°C;
The solution after reaction with carboxypeptidase B or a main fraction after purification on the Q

Sepharose resin, following a double dilution and adjustment of the pH to 3, is purified in portions by
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loading onto the column a single volume of solution having a total protein content of 200 AU, and
then the main fraction is collected, so that product purity (HPLC} is at least 98%.

Step 18. Precipitation of insulin with zinc chloride.

The combined main fractions from the high-pressure chromatography are diluted 2 times and 1 M
ZnCl, is added in a proportion of 3 em® of zinc chloride per 150 cm® of the sample, and then the pH is
adjusted to 6 £ 1, followed by stirring for 1 hour. The suspension is then centrifuged at 9,000 rpm for
15 minutes at 4°C and the pellet is resuspended in 10-15 cm? of water.

Step 19. Chromatography on a bed Sephadex G-25 and freeze-drying.

The slurry is adjusted to pH 3, filtered through a 0.22 pum filter and loaded onto a column filled with
Sephadex G 25 resin (120 cm?). Before loading the column is equilibrated with 5 mM ammonium
acetate, pH 4, and the protein is eluted with 5 mM ammonium acetate, pH 4. The resulting material

is subjected to freeze-drying.

il. Specific examples

Example 1. LysB28ProB29 human insulin (lispro insulin)

According to the general procedure of the process given above {section |}, the production of
biosynthetic lispro insulin was performed following steps 1-6, 6b, 7-10 and 12-i9 and for the
expression system 1.2. and 1.5. additionally step 11 {Tahle 1. Lispro insulin}. The process was siudied
in 20 variants of 8 protein expression systems. The data obtained shows that the strains of
Escherichia coli DH5w, DHS5 and HB101, which perform well in laboratory conditions, with plasmids
with deoP1P2 and pms promoters are not suitable for production culture in the minimal medium
{system 1.3., 1.4,, 1.5, 1.6. and 1.7.}). These strains are characterized by low growth on minimal
technological medium, demonstrating a much lower optical density value in the production
fermenters. A similarly low feasibility for production is shown by the IBA strain system with disrupted
cytR repressor and plGAL plasmid (system 1.8.), characterized by relatively better growth, but low
content of inclusion bodies {microscopic observations).

The best expression vyield is shown by the IBA/pIBA strain system, described in Polish patent
specification No. PL 180 818, which was tested in 4 linker peptide variants and 2 leader protein
variants (system 1.1. and 1.2.). All have good, comparable growth parameters in the minimal
medium, but differ in weight of inclusion bodies and relative yield of the fusion peptide renaturation,

and — conseguently — the final product yield.
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The highest yield of lispro insulin was obtained using the E. coli IBA/pIBA expression system
producing A-chain linked to the B-chain of lispro insulin with ArgArg dipeptide (Table 1, Example No.

1.1.1. and 1.2.1.}, exceeding the performance of other systems by at least 13-15%.

Example 2 GlyA22ArgB31 insulin {insulin GR).

According to the general procedure of the process given above (section 1), the production of
biosynthetic GR insulin was performed following steps 1-6, 6b, 7-10, 12-15 and 17-19 and for the
expression system 2.2, additionally step 11 (Table 2, GR insulin}. The process was studied in 12
variants of 5 protein expression systems (not using the variant with LysArg linker, as is does not [ead
to GR insulin). The data obtained confirms the findings of Example 1 related to the superiority of the
expression system described in the Polish patent specification No. PL 180 818 over the other systems
studies and shows similar differences in the yield of the process depending on type of the linker
peptide that links the A and B chains of this insulin analogue. [n particular, the highest yield of GR
insulin was obtained using the E. coli IBA/pIBA expression system, producing A-chain linked to the B-
chain of GR insulin with ArgArg dipeptide (Table 2, Example No. 2.1.1. and 2.2.1.}) and exceeding the
performance of other systems by at least 16-22%. The presented results show technological

advantage of ArgArg linker regardless of the type of the leader protein.

Example 3. Human insulin.

According to the general procedure of the process given above (section I}, the production of
biesynthetic human insulin was performed in 8 variants of 2 protein expression systems. Steps 1-8,
6b, 7-10 and 12-19 and for the expression system 1.2. and 1.5. additionally step 11 were used in the
studies. The data obtained shows (Table 3. Human insulin), that the |BA/pIBA strains system is
characterized by the best expression yield, showing good, comparable growth parameters in the
industrial minimal medium and differing in the weight of inclusion bodies produced and the relative
yield of renaturation. Again the highest yield of human insulin was obtained using the £, coli IBA/pIBA
expression system producing A-chain linked to the B-chain of human insulin with ArgArg dipeptide
(Table 3 Example No. 3.1.1. and 3.2.1.). The analytical studies performed at different steps of the
process indicate, that the higher yield in these expression system variants — by about 14-16% — is
reached after the step of inclusion body preparation and renaturation, and it is kept along all other

steps of the process.

Example 4. SerA22ArgB31 human insulin (SR insulin).
Studies of the yield of the SR insulin production process were performed according to the general

procedure given above (section |), following steps 1-6, 6b, 7-10, 12-15 and 17-19 and for the
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expression system 4.2. additionally step 11 (Table 2. GR insulin). The process was studied in 12
variants of 5 protein expression systems {not using the variant with LysArg linker, as is does not lead
to SR insulin). The data obtained supports the previous results, constantly showing a higher yield of
the E. coli IBA/pIBA expression system, producing A-chain linked to the B-chain of SR insulin with
ArghArg dipeptide (Table 4 Example No. 4.1.1. and 4.2.1.) in comparison with other linker peptides of

this system — by at least 15%.

Example 5. SerA22LizB3ArgB31 insulin {SK3R insulin)

According to the general procedure of the process given above, the production of biosynthetic SK3R
insulin were performed in 6 variants of 2 protein expression systems. Steps 1-6, 6b, 7-10, 12-15 and
17-19 and for the expression system 5.2. additionally step 11 were used in the studies. The data
. obtained shows (Table 5. SK3R insulin) that the IBA/pIBA strains system is characterized by the best -
expression yield, showing good, comparable growth parameters in the industrial minimal medium
and differing in the weight of inclusion bodies produced and the relative yield of renaturation. Again
the highest yield of human insulin was obtained using the E. cofi IBA/pIBA expression system
praducing A-chain linked to the B-chain of human insulin with ArgArg dipeptide (Table 5, Example
No. 5.1.1. and 5.2.1.}). The extensive analytical studies performed at different steps of the process
indicate, that the higher yield in these expression system variants is kept along all other steps of the
process after the step of inclusion body preparation and renaturation, the yield being higher than

that obtained with other expression system variants by at least 14-16%.

Exampie 6. Preproinsulin {precursor} G: leader protein — B-chain — linker — A-chain:
dezAsnA21GlyA21.

The versatility of the ArgArg linker advantage over others for preproinsulin expression was also
demonstrated by studying the yield of a protein consisting of a leader protein preceding the B-chain,
which was linked with the studied linkers to a modified A-chain of insulin (A: dezAsnA21GlyA21). The
studies were performed using critical steps 1-8 of the general procedure of the process in 8 variants
of 2 expression systems. The research results, presented in Table 6. Preproinsulin (precursor) G:
leader protein — B-chain — linker — A-chain: dezAsnA21GlyA21 show that in the case of the ArgArg
linker the yield of the process is 10% higher than in the other cases.

Based on the final product yield, confirmed by the protein content before purification, it was
unexpectedly found that the best results in the production of recombinant human insulin and
analogues thereof are obtained in an expression system consisting of an expression plasmid with
deoP1P2 promoter in bacterial strains of Escherichia coli lacking the cytR repressor gene {Polish

patent No. PL 180 818} if in the plasmid encoding the fusion protein the A-chain of insulin is linked to
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the B-chain with ArgArg dipeptide. Moreover, the difference in performance between the ArghArg
dipeptide variant of the system and LyzArg is 13-22%, and is comparable to the improvement in
system performance described in the Polish patent No. PL 180 818 for LizArg dipeptide and Arg in

comparison with the C-peptide, which is 23% and 17%, respectively.

Genetic construction of pIBA/INSLys{31B)Arg{32B} pIBA/INS plasmid

The pIBA/INS plasmid of 4354 base pairs in size is composed of the following regulatory sequences
and genes:

-from 7 bp to 942 bp a regulatory region with deoP1P2 promoters is located,

- from 946 bp to 1137 bp there is a sequence encoding a fragment of human SOD gene,

- from 1138 bp to 1299 bp a sequence encoding the A and. B chains, as well as the C chain (in the
form of Lys-Arg linker) of recombinant human insulin INS is contained, the nucleotide sequence of
insulin has been changed in accordance with the frequency of codon usage in £, coli,

- from 1312 bp to 1338 bp a region coding for Ter trpA transcription terminator is located,

- from 1508 bp to 2698 bp there is a tetracycline resistance gene Tet.

The structure of the pIBA plasmid is schematically shown in Figure 1, and its nucleotide sequence and
amino acid sequence in Figure 2. The structure of the pIBA/INS plasmid comprising an exemplary
gene encoding recombinant human insulin protein, wherein the A-chain is linked to the B-chain with
LysArg dipeptide s schematically shown in Figure 3, and its nucleotide sequence and amino acid

sequence in Figure 4.
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Claims

1. A polypeptide having the amino acid sequence of the formula:

Xn-B-Arg-Arg-A
where:
A is a polypeptide of the insulin A-chain or anzlogue thereof, preferably a sequence selected from
SEQ. ID No.: 1-4,
B is a polypeptide of the insulin B-chain or analogue thereof, preferably a sequence selected from
SEQ. ID No.: 5-7.
nistorl,
X is a leader protein polypeptide, preferably of a sequence selected from SOD of SEQ. No.: 8 or UBI of
SEQ. No.: 8.

2. The polypeptide according to claim 1, characterized in that it has an amino acid sequence selected

from: SEQ. ID No.: 10-27.

3. A method for producing human insulin comprising microbial expression of a recombinant protein
containing insulin, characterized in that it comprises:
{a) obtaining a hybrid polypeptide comprising proinsulin by expression of the hybrid
polypeptide in a cell of an E£scherichia coli strain lacking deo repressor and/or deo (cytR) gene
containing DNA encoding the hybrid polypeptide, wherein the DNA is present in a vector
under the control of deoP;P; promaoter, while the hybrid polypeptide comprises the insulin B-
chain covalently bound to the A-chain via Arg-Arg dipeptide,
{b) recovering of the hybrid polypeptide,
{c) folding and formation of disulfide bonds within the hybrid polypeptide obtained in (b),
avoiding prior subjection of the hybrid polypeptide to sulfitolysis,
(d) subjecting the hybrid polypeptide obtained in {c) folded, with disulfide bonds formed, to
enzymatic digestion in order to produce insulin,

{e) purifying the insulin so produced,
4. The method of claim 3, characterized in that the hybrid peptide is a peptide defined in claims 1-2.

5. The method of claim. 3, characterized in that at the step (a) the expression is performed in E. coli

strain of the genotype:
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F ara Afpro lac) rpsl thi cytR recA A7,

devoid of active cytR repressor protein.

6. The method of claim 3, characterized in that at the step {a) a plasmid p/BA of the sequence SEQ ID

NQ: 28 is used as the vector.

7. The method of claim 3, characterized in that the step (a) comprises fermentation in the presence

of glucose, glycerol or galactose.

8. The method of claim 3, characterized in that the step {b) comprises:

{i) destruction of the ceil wall of the bacterial cell or its fragments to form a lysate, preferably by the
action of lysozyme and Triton X100 followed by sonication or disintegration;

(i} isolation of intracellular inclusion body precipitate from the lysate by centrifugation; and

(iii} dissolving the inclusion hody precipitate.

9. The method of claim 3, characterized in that the step {c} comprises incubating the hybrid
polypeptide, preferably in the presence of ascorbic acid, in particular at a concentration of about 2
moles per mole of SH groups present in the mixture, at a temperature of 4 to 37°C for about 1 to 30

hours, preferably about 5 hours, at a pH of 8.5 to 12, preferably at a pH of 11.0 to 11.25.

10. The method of claim 3, characterized in that the step (d) further comprises:
(i) adjusting the pH to about 8.8-9.0; and
(i) digestion of the hybrid polypeptide with trypsin and subsequently optionally with

carboxypeptidase B at a temperature of 16-37°C for 30 minutes to 16 hours.

11. The method of claim 3, characterized in that the step (e) further comprises purifying the solution

by low-pressure liquid chromatography on Sepharose Q prior to trypsin digestion.

12. The method of claim 3, characterized in that the step (e} further comprises purifying the solution

by low-pressure chromatography on DEAE-Sepharose prior to carboxypeptidase B digestion.

13. The method of claim 3, characterized in that the step {e) further comprises purifying the resulting
insulin by high-performance liquid chromatography, preferably to a purity of at least 98%, followed

by crystallization, filtration and drying.
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14. The method of claim 3, characterized in that the insulin purified at the step {e) is a protein

828 B29
{

selected from the group comprising: human insulin, human insuiin Lys®“Pro™ (lispro insuiin), insulin

Gly*2arg™ (GR insulin), human insulin Ser*arg®™! (SR insulin), insulin Ser**Lys®Arg®" (SK3R

insulin), proinsulin B-ArgArg-A:dezAsnGIly**.
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Tabie 1

1. LysB28ProB23 human insulin

(4} Relative
(2) Weight of (3)-WE|g.htof content of . .
E. coli system)/ culture inclusion folded (5) Final yield
’ r Link (1) OD hodies precursor in Example
vec Or X inker total protein No.
characteristics
% of % of % % of % of
g/cilrn3 max. g/drn3 max. (HPT.C} max. mg/dma max.
value value value value
1.1. IBA/DIBA ArgArg 55 55.0 | 100% | 13.8 | 100% 7.0 |i00%] 39 100% | 1.1.1.
/p
leader protein -
oD LysArg 54 55.01100% | 12.8 | 93% 5.7 281% 33 85% 1.1.2.
E’ans_‘”'zﬁc’“t Ao 51 |54.4] 99% |12.2| 89% | 57 {s82%| 29 | 74% | 1.1.3.
erminator - ter,
Trp C-peptide | 53 |55.0|100% |12.8| 93% 59 185%| 23 59% | 1.1.4.
1.2, IBA/pIBA ArgArg 51 51.2 | 98% |12.9| 100% 7.0 1100% 35 100% 1.2.1.
[eader protein -
UBI LysArg 51 51.2| 98% | 11.6 | 90% 5.7 81% 31 87% 1.2.2.
transcription .o 48 |s51.1| 98% {119 92% | s7 |82%| 27 | 75% | 1.2.3.
terminator - terA
Trp C-peptide a8 52.0 | 100% i 12,9 [ 100% 6.6 |94% 21 60% 1.2.4.
1.2, DHSa/plGAL -
leader protein - ArgArg 16 5.3 0.4 0.4 6 - 1.3.1.
SQAD, resistance:
ampicillin,
transcription  liysarg 15 | 42 0.3 0.4 * - 13.2.
terminator - ST1
1.4,
HB101/pIGAL ArgArg 12 3.1 0.2 ~0.2 -* 1.4.1.
leader protein -
UBI, resistance:
ampicillin,
transcription LysArg 12 3.1 0.2 ~0.2 -* 1.4.2.
terminator - ST1
1.5. DHS/piGAL
leader protein - ArghArg 28 4.8 0.5 0.5 11%* 1.5.1
UBI, resistance:
tetracycline,
transcription 1 ysarg 29 | 50 0.5 0.5 g** 1.5.2
terminator - ST1
1.6. DH5/pIGAL
leader protein - |ArgArg 32 5.3 0.7 0.6 17%%* 1.6.1.
SOD, resistance:
tetracycline,
transcription
terminator - terA iLysArg 31 5.2 0.6 0.6 16%* 1.6.2.
Trp




WO 2017/126984

3/16

PCT/PL2017/050003

1.7. DH5/piBA

SOD, resistance:

ieader protein - |Argarg

22

3.3

* 1.7.1.

tetracyciine,
transcription

Trp

terminator - terA |LysArg

20

3.2

* 1.7.2.

1.8. IBA/pIGAL
leader protein -
SOD, resistance:

Arghrg

34

7.8

0.6

0.4

* 1.8.1.

tetracycline,

terminator - ST1

transcription LysArg

35

7.8

0.6

0.4

* 1.8.2.

* - The process was interrupted at the purification step due to low content of the product.
** . Low and unrepresentative performance also results from inadequate scale of the purification
process to low content of the product.
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Table 2

2. GiyA22ArgB31 human insulin {GR insulin})

4) Total
(2} Dry {(3) Dry weight (4) o-a
X . . protein
weight of of inclusion (precursor) {5) Final yield
i recursor
E. coli system/ culture bodies P Example
vectar tinker | (1} 0D {Aag0) No
characteristics % of % of % of % of |
g/c[m3 max. g/dm3 max. AU/dm3 max. | mg/dm®| max.
value value value value
2.1, IBA/pIBA Arghrg 62 17.6 | 100% | 8.8 | 100% | 7860 j100%| 40 100% | 2.1.1.
leader protein -
soD, Arg 59 17.4 | 9%% 8 91% 6890 | 838% 31 78% 2.1.2.

transcription

terminator - terAlpa v ¢ | 62 | 17.5 | 99% | 7.8 | 89% | 6686 |85% | 24 | 61% | 2.1.3.
Trp

2.2, IBA/pIBA Arghrg 68 17.9§ 99% { 9.0 | 100% | 7891 |100%| 40 100% | 2.2.1.
leader protein -
UBI, Arg 67 |17.3| 96% | 8.1 | 90% | 6714 |85% | 34 | 84% | 2.2.2.

transcription

terminator-terAlpe g c | 65 | 18.0 | 100% | 83 | 92% | 6890 |s8s% | 25 | 63% | 2.2.3.
Trp
2.3. DHS5/pIGAL

leader protein - (Argarg 32 5.3 0.8 -* 23.1
SOD, resistance:

tetracycline,

transcription Arg 32 53 0.7 -* 2.3.2

terminator - 5T1

2.4. DH5/pIGAL
leader protein -

50D, resistance: |BATE 26 4 -* _* 2.4.1

tetracycline,
transcription
terminator - terA Arg 28 a4 * * 2.4.2
1is°]

2.5. IBA/pIGAL
leader protein - ArgArg 39 8.3 0.9 -k 2.5.1
SOD, resistance:;
tetracycline,

transcription Arg 39 8.4 0.9 ¥ 252
terminator - ST1
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Table 4

4. SerA22ArgB31 human insulin (SR insulin}

4) Total
{2) Dry (3) Dry weight ( : e
otein
weightof | ofinclusion | P | (5)Final yield
E. cofi system/ culture bodies precursor
E |
vector Linker | (1} 0D {Aaz0) XT\?;D €

characteristics % of % of % of % of )

g/dm3 max. g/dm3 max. AE.i/clm3 max. mg/dm3 max.

value value value value
4.1, [BA/pIBA
/p 64 174 | 100% | 8.8 | 100% | 7860 |100% 48 100% | 4.1.4.
leader protein - [ArgArg
ISOD,

o 68 17.5| 99% | 8.1 92% 6890 | 88% 41 85% 4.1.2.
ftranscription Arg .

terminator - terA
Trp C-peptide
4.2, |BA/pIBA
leader protein - |ArgArg
UBI,
transcription Arg
terminator - terA
Trp C-peptide
4.3, DH5/pIGAL
leader protein - 32 5.3 ¥ 4.3.1
SOD, resistance: |ArgArg
tetracyciine,
transcription 32 5.3 ¥ 4.3.2
terminator - ST1 [Arg
4.4. DH5/pIBA
leader protein - 26 4 * 4.4.1
SOD, resistance:
tetracychine,

transcription

terminator - terA 28 4 - 4.4.2
Trp Arg
4.5. IBA/pIGAL
leader protein - 39 8.3 -* 451
SOD, resistance: |ArgArg
tetracycline,
transcription 33 8.4 -* 4.5.2
terminator - ST1 [Arg

64 173 | 99% | 8.2 93% 6686 | 85% 36 75% 4.1.3.

68 17.9 ] 99% | 9.0 | 100% | 7891 [100%| 46 100% | 4.2.1.

67 173 98% | 8.1 | 90% 6714 | 85% 38 85% 4.2.2,

65 18.0 | 100% { 8.3 92% 6890 | 88% 35 75% 4.2.3.

ArgArg
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Table &

6. Preproinsulin (precursor) G: leader protein — B-chain — linker — A-chain: dezAsnA21GlyA21

(2} Dry weight of | (3) Dry weight of (4) Total protein
£. coli system/ bacteria inclusion bodies {precursor) [A280]
t Link 1) 0D Exampe
vector inker | (1) 3| % of max. 3| % of max. 2 | % of max. Na.
characteristics g/dm g/dm AU/dm
value value value
6.1. IBA/pIBA Arghrg 58 17.4 99% 8.4 100% 6960 100% 6.1.1.
leader protein - | |ycarg 60 | 17.3 99% 7.9 94% 6264 90% 6.1.2.
S0D, - Arg 60 17.5 100% 7.8 93% 5916 85% 6.1.3.
transcription
) ) -
terminator . 55 | 173 | 99w 8.1 96% 6334 91% 6.1.4.
terA Trp peptide
6.2. IBA/pIBA ArgArg 55 17.0 100% 8.7 100% 7012 100% 6.2.1.
leader protein - 1y arg 55 16.9 99% 8.1 93% 6381 91% 6.2.2.
UBt, . Arg 57 17.0 100% 8.0 92% 5850 84% 6.2.3.
transcrlptlon
terminator- | & 54 | 17.0 | 100% 8.4 97% 6451 92% 6.2.4.
terA Trp peptide
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map of the pIBA vector
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GAATTCGGAC
CTTAAGCCTG
CGCCACTTCC
GCGGTGAAGG
BGGTCAGGTT
TCCAGTCCARA
GCGCGGGTAA
CGCGCCCATT
GTCTGGCAGG
CAGACCGTCC
CGATCTCGTC
GCTAGAGCAG
ATCCRGTTGC
TAGGTCAACG
GGTAARGAAT
CCATTTCTTA
TCCAGCTCCA
AGGTCGAGGT
TAAGACATAG
ATTCTGTATC
TTACACCTTC
AATGTGGARG
GGCAGATTGT
CCGTCTAACA
GCTAAGCACTY
CGATTCGTGA
TTTCATGAGA
RRAAGTACTCT
CCATTGTAAG
GGTAACATTC

. CCACTGACGC

GGTGACTGCG
RGTGATGCAA
TCACTACGTT
TGTGTTGLCGG
ACACAACGCC
TATTGGCGAC
ATAACCGLTG
TAGAATCGAT
ATCTTAGCTAR

I ARGRRACCAT

TTCTTTGGTA

L AGGCCCTTTIC

TCCGGGAARG

I AGCTTTAATG

TCGRRATTAC
CCGTGTATGA
GGCACRTACT
CCTGGATGET
GGRCCTACGR
TGCGGGATAT
ACGCCCTATA
CTAGCGCTAT
GATCGCGATR

I ACTGTCCGAC

TGARCAGGCTG
GAGCCACTAT
CTCGGTGATA
CTCTACGCCE
GAGATGCGGEC
TECTGGCGLL
ACGACCGLGE

10/16

Fig. 2

nucleotide sequence of the pIBA vector

CGTTGGCGAT
GCAACCGCTA
AGCAGCAGGT
TCGTCGTCCA
CGGTGABRACC
GCCACTTTGG
TGGGCGAATC
ACCCGCTTAG
GTTCTGTCGA
CRAGACAGCT
TTGTGTTAGA
RACACAATCT
CCCAGGTAGA
GGGTCCATCT
GGTCAGCAGA
CCAGTCGTCT
GCCATTCGGA
CGGTAAGCCT
CGEGGTTTGET
GCGCCARACA
ATCCAGCGCG
TAGGTCGCGC
TTTCTGCETC
RARAGRCGRAG
GGGCTGETGA
CCCGACCACT
AGTGGGCATC
TCACCCGTAG
AAGTTTCGTG
TTCRAAGCAC
ATTCATTTGR
TAAGTARAACT
ACTTGTAAGT
TGAACATTCA
AGTAGATGTT
TCATCTACARA
AAGCCTAGGET
TTCGGATCCA
GCCCGCTTARA
CGGGCGAATT
TATTATCATG
ATAATAGTAC
GTCTTCAAGAR
CAGAAGTTCT
CGGTAGTTTA
GCCATCABAT
AATCTAACAA
TTAGATTGTT
GTAGGCATAG
CATCCGTATC
CGTCCATTCC
GCAGGTAAGS
ATGCGTTGAT
TRCGCRACTA
CGCETTGGCC
GCGAAACCGG
CGACTACGCG
GCTGATGCGC
GACGCATCGT
CTGCGTAGCA
TATATCGCCG
ATATAGCGGC

GIGCGGETTTG
CACGCCARAAC
CATCAGGGGT
GTAGTCCCCA
TGCTTCRACT
ACGARAGTTGA
AGACGGGCCG
TCTGCCCGEC
GGTAACGCCA
CCATTGCGGT
ATTAATTCTA
TAATTARGAT
CCGGCATCGAR
GGCCGTAGCT
GAGAGTGCGET
CTCTCACGCA
ACCGTTCGLC
TGGCAAGCGE
ACGGCGCATG
TGCCGCGTAC
CGGCGGGCTT
GCCGCCCGAAR
CAGTGCCAGA
GTCACGGTCT
CAATTTGCTG
GTTARACGAC
TTCTTTTCCT
RAGRRAAAGGA
ATGTTCACTT
TACAAGTGARA
RAGTGAATTA
TTCACTTAAT
AGATTTCCTT
TCTARAGGAA
AGRRTRCTAR
TCTTRATGATT
TTGTTTAACT
AACAAARTTGA
TGAGCGGELT
RCTCGCCCGA
ACATTRAACCT
TCTAATTGGA
CCTCTCATGT
GGAGAGTRCA
TCACAGTTAA
AGTGTCRATT
TGCGLCTCATC
ACGCGAGTAG
GCTTGGTTAT
CGAACCRATA
GACAGCATCG
CTGTCGTAGC
GCAATTTCTA
CGTTARAGAT
GCCGLCCAGT
CGGECLGETCR
ATCATGGCGR
TAGTACCGCT
GGCCGGCATC
CCGEGCCGTAG
ACATCACCGR
TGTAGTGGCT

CTACATTCAC
GATGTAAGTG
GATTTCAGGA
CTAAAGTCCT
CTGCATCTGC
GACGTAGACG
ATATTGGCGT
TATARACCGCA
GAAACGTTET
CTTTGCARRA
ACATACGGTT
TGTATGCCAR
TGTGACCGAC
ACACTGGCTG
CATCARGATC
GTAGTTCTAG
RAGRARARCGGG
TCTTTTGCCC
ACCTTCRARC
TGGRAGTTTG
CGGCRGGRAG
GCCGTCCTTC
AAATGGCGCT
TTTACCGCGA
GCAACGTTGT
CGTTGCAACA
TTTATGCCGR
AAATACGGECT
TGATCCTGAT
ACTAGGACTA
TTTGRACCAG
AAACTTGGTC
AATTGTGATG
TTAACACTAC
CARACTCGCA
GTTTGAGCGT
TTAAGGAGARA
AATTCCTICTT
TTTTTTTICTC
ARRARARAGAG
ATAARRATAG
TATTTTTATC
TTGACAGCTT
AACTGTCGAA
ATTGCTARACG
TARCGATTGC
GTCATCCTCG
CAGTAGGAGC
GCCGGTACTG
CGGCCATGAC
CCAGTCACTA
GGTCAGTGAT
TGCGCACCCG
ACGCGTGGEC
CCTPGCTCGCT
GGACGAGCGA
CCACACCCGT
GGTGTGGGCA
ACCGGLGCCa
TGGCCGCGEET
TGGGGARGAT
ACCCCTTCTA

AGATGTTCIT
TCTACRAGARA
TCGTAGATAR
AGCATCTATT
ACGTAAGATC
TGCATTCTAG
GCATARRGGC
CGTATTTCCG
ATTCGARCAT
TAAGCTTGTA
GCAACAACGC
CGTTETTGLG
GGTACGTGGT
CCATGCACCA
TTTCGCGCCT
ARAGCGCGGR
CGTARATCGGEG
GCATTAGCCC
ATATCGCAGA
TATAGCGTCT
CTGTGGGTAR
GACACCCATT
TCTGCTCCGE
AGACGAGGCC
TGCAGTGCAT
ACGTCACGTA
AGGTGATGCG
TCCACTACGC
GCGTTTGCCA
CGCABACGGT
ATCGCATTAC
TRGCGTAATG
TGTATCGAAG
ACATAGCTTC
RGGTGAATTT
TCCACTTAAA
ATCRTATGTC
TAGTRTACAG
GRGGRCGTCT
CTCCTGCAGA
GCGTATCACG
CGCATAGTGC
ATCATCGATA
TAGTAGCTAT
CAGTCRGGCA
GTCAGTCCGT
GCACCGTCAC
CGTGGCAGTG
CCGBEGCCTCT
GGCCCGGAGA
TEGCGTGCTG
ACCGCACGAC
TTCTCGGAGC
AAGRGCCTCG
TCGCTACTTG
AGCGATGARAC
CCTGTGGATC
GGACACCTAG
CAGGTGCGGET
GTCCACGCCA
CeGeLTeaee
GCCCGAGLGE
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ACTTCGGGLT
TGALGCCCGA
GTGGCCGGGEE
CACCGGCCCC
GGCEGCGETE
CCGCCGCCAC
AGGAGTCGCA
TCCTCAGCGT
CCAGTCAGCT
GGTCAGTCGA
TATGACTGTC
ATACTGACAG
TCTGGGCCAT
AGACCCGGTA

0L GGCCTGTCGC

CCGGACAGCG
COTCACTGGT
GCAGTGACCA
CCGGCATGGC
GGCCGTALCCG

L CGAGGCTGGA

GCTCCGACCT
CGGGATGCCC
GCCCTRCGGE
ATCAGGGACA
TAGTCCCTIGT

0L ATCATTGGAC

TAGTAACCTG
ATGGRACGGG
TACCTTGCCC
TCCCCGLETT
AGGGGCGCAA
GARAGCCGGCG
CTTCGGECCGC
AARTCAATTCT
TTAGTTAAGA
CATATCCATC
GTATAGGTAG
GCAGCGTTGG
CGTCGCAACC
CGGATGGCAT
GCCTACCGTR

50% GATAACACTG

CTATTGTGARC
GCTABRCCGCT
CGATTGGCGA
GTTGGGAACC
CRACCCTTGG
ACGATGCLCTG
TGCTACGGAC

. RCTRCTITACT

TGATGAATGA

. ATARBAGTTGC

TATTTCAACG
ATTGCTGATA
TRACGACTAT
RGCACTGGGG
TCGTGACCCC
COGGGAGTCA
GCCCCTCAGT
GETGCCTCAC
CCACGGAGTG
TATACTTTAG
ATATGARATC
TGAAGATCCT
RCTTCTAGGA
TCGTTCCACT
RAGCAAGGTGA

CATGAGCGCT
GTACTCGCGAR
GACTGTTGGG
CTGACAACCC
CTCAACGGCC
GAGTTGCCGE
TAAGGGAGAG
ATTCCCTCTC
CCTTCCGETG
GGAAGGCCAC
TTCTTTATCA
AAGARATAGT
TTTCGGCGAG
ARAGCCGCTC
TTGCGGTATT
ARCGCCATAA
CCCGCCACCA
GGGCGETGET
GGCCGRCGCG
CCGGCTGLGC
TGGCCTTCCC
RCCGGRRGGE
GCGTTGCAGG
CGCARCGTCC
GCTTCARGGA
CGRARGTTCCT
CGCTGATCGET
GCGACTAGCA
TTGGCATGGR
AACCGTACCT
GCETCGLGET
CGCAGCGCCR
GCACCTCGCT
CGTGGAGCGA
TGCGGAGAAC
ACGCCTCTTG
GCGTCCGCCR
CGCAGGCGGET
GTCCTGGECCC
CAGGACCGGEE
GACAGTAAGA
CTGTCATTCT
CGGCCAACTT
GCCGGTTGAR
TTTTTGCACA
AAAAACGTGT
GGAGCTGAAT
CCTCGACTTA
CAGCAATGGC
GTCGTTACCG
CTAGCTTCCC
GATCGAAGGG
BGGACCRCTT
TCCTGGTGRA
AATCTGGAGC
TTAGACCTCG
CCAGATGGTA
GGTCTACCAT
GGCAACTATG
CCGTTGATAC
TGATTAAGCA
ACTAATTCGT
ATTGATTTAA
TARCTAAATT
TTTTGATAAT
RRRACTATTA
GAGCGTCAGA
CTCGCAGTCT
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TCTTTCGGCG
ACAARAGCCGC
CGCCATCTCC
GCGGETAGAGG
TCRACCTARCT
RGTTGGATGA
CGTCGACCGA
GCAGCTGGLCT
GGLELGEGEGET
CCGLGCCLCCE
TGCAACTCGT
ACGTTGAGCA
GACCGCTTTC
CTGGCGARAG
CGGBATCTTG
GCCTTAGRAC
AACGTTTCGG
TTGCAARGCC
CTGGGCTACG
GACCCGATGC
CATTATGATT
GTAATACTAR
CCATGCTGTC
GGTACGACAG
TCGCTCGLGE
RGCGAGCGCC
CACGGCGATT
GTGCCGCTAR
TTGTAGGCGC
BACATCCGCG
GCATGGAGCC
CGTACCTCGG
ABCGGATTCA
TTGCCTARGT
TGTGAATGCG
ACRACTTRCGC
TCTCCAGCAG
AGAGGTCGTC
GGGRCTCACC
CCCTGAGTGG
GRATTATGCA
CTTARATACGT
ACTTCTGACA
TGRAGRCTGET
ACATGGGGGA
TGTACCCCCT
GAAGCCATAC
CTTCGGTATG
AACAACGTTG
TTGTTGCAAC
GGCRACAATT
CCGTTGTTAA
CTGCGCTCGE
GACGCGAGCC
CGGTGAGCGT
GCCACTCGCA
AGCCCTCCCG
TCGGGAGGGC
GATGRACGAR
CTACTTGCTT
TTGETARCTG
RACCATTGAC
AACTTCATTT
TTGAAGTAAA
CTCATGACCA
GAGTACTGGT
CCCCGTAGAA
GGGGCATCTT

TGGGTATGET
ACCCATACCA
TTGCATGCAC
AACGTACGTG
ACTGGGCTGC
TGACCCGARCG
TGCCCTTGAG
ACGGGAACTC
ATGACTATCG
TACTGATAGC
AGGACAGGTG
TCCTGTCCAC
GCTGGAGCGC
CGACCTCGCG
CACGCCCTCG
GTGCGGGAGC
CGAGAAGCAG
GCTCTTCGTC
TCTTGCTGGC
AGAACGACCG
CTTCTCGCTT
GRAGAGCGR2A
CAGGCARGGTA
GTCCGTCCRT
CTCTTACCRG
GAGRATGGTC
TATGCCGCCT
ATACGGCGGR
CGCCCTATAC
GCGGGATATG
GGGCCACCTC
CCCGGTGGAG
CCACTCCAAG
GGTGAGGTTC
CARRCCRACC
GTTTGGTTGG
CCGCRACGLCGE
GGCGTGLGCC
BGTCACAGARA
TCAGTGTCTT
GTGCTGCCAT
CACGACGGTA
ACGATCGGAG
TGCTAGCCTC
TCATGTRAACT
AGTACATTGA
CARACGACGA
GTTTGCTGCT
CGCARAACTAT
GCGTTTGATA
AATAGACTGG
TTATCTGACC
CCCTTCCGEC
GGGAAGGCCE
GGETLCTCGCG
CCCAGAGUGT
TATCGTAGTT
ATAGCATCAA
ATAGACAGAT
TATCTGTCTA
TCAGACCAAG
AGTCTGGTTC
TTAATTTAAR
AATTAAATTT
AAATCCCTTA
TTTAGGGAAT
AAGATCARAAG
TTCTAGTTTC

GGLAGGCCCC
CCGTCCGGGE
CATTCCTTGC
GTAAGGARCG
TTCCTAATGC
AAGGATTACG
AGCCTTCAAC
TCGGAAGTTG
TCGCCGCALT
AGCGGCGTGA
CCGGLCAGLGC
GGCCGETCGCE
GACGATGATC
CTGCTACTAG
CTCAAGCCTT
GAGTTCGGAA
GCCATTATCG
CGGTAATAGC
GTTCGCGACG
CAAGCGCTGC
CCGGCGGCAT
GGCCGCCGTA
GATGRCGACC
CTACTGCTGG
CCTRRCTTCG
GGATTGARGC
CGGCGAGCAC
GCCGCTCETG
CTTGTCTGCC
GRACRGRCGG
GACCTGRATG
CTGGRCTTAC
AATTGGRGCC
TTARCCTCGG
CTTGGCRGAA
GRACCGTCTT
CGCATCTCGG
GCGTAGAGCC
RAGCATCTTA
TTCCTAGAAT
BACCATGAGT
TTGGTACTCA
GACCGAAGGR
CTGGCTTCCT
CGCCTTGARTC
GCGGRRACTAG
GCGTGACRCC
CGCACTGTGG
TAACTGGCGA
ATTGACCGCT
ATGGAGGCGE
TACCTCCGCC
TGECTEETTT
ACCGACCAAR
GTATCATTGC
CATAGTAACG
ATCTACACGA
TAGATGTGCT
CGCTGAGATA
GUGACTCTAY
TTTACTCATA
BRARTGAGTAT
AGGATCTAGS
TCCTAGATCC
ACGTGAGTTT
TGCACTCAAA
GATCTTCTTG
CTAGARGRRC
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AGATCCTTTT
TCTAGGRRAA
CGCTACCAGC
GCGATGGETCG
CCGRAGGTRA
GGCTTCCATT
AGTGTAGCCG
TCACATCGGET
CATARCCTCGC
GTATGGAGCG

I RAGTCGTGTC

TTCAGCACAG
GCAGCGGTCG
CGTCGCCAGT
GAACGACCTA
CTTGCTGGAT
GCCACGCTTC
CGGTGCGARAG
GGTCGGARCA
CCAGCCTTGT
RTCTTTRTAG
TAGAAATATC
TTGTGATGCT
AACACTACGA

CCGGAARRAT
TTCCTGCETT
RAGGACGCRAR
TGAGCTGATA
ACTCGACTAT

Z GAG

cTe

TTTCTGCGLG
ARAGRCGCGC
GGTGGTTTGT
CCACCARAACA
CTGGCTTCAG
GACCGAAGTC
TAGTTAGGCC
ATCAATCCGG
TCTGCTAATC
AGACGATTAG
TTACCGGETT
RATGGCCCRA
GGCTGRACGG
CCGACTTGCC
CACCGRACTG
GTGGCTTGAC
CCGRAGGGRG
GGCTTCCCTC
GGAGAGCGCR
CCTCTCGLGT
TCCTGTCGGE
AGGACAGCCC
CGTCAGGGGE
GCAGTCCCCC
CGGTTCCTGE
GCCAAGGACC
ATCCCCTGAT
TAGGGGACTA
CCGCTCGCLG
GGCGAGCGGEC
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TRATCTGCTG
ATTAGACGAC
TTGCCGEATC
AACGGLCCTAG
CAGAGCGCAG
GTCTCGCGTC
ACCACTTCAA
TGGTGAAGTT
CTGTTACCAG
GACAATGGTC
GGACTCAAGA
CCTGAGTTCT
GGGGTTCGTE
CCCCAAGCAC
AGATACCTAC
TCTATGGATG
BARAGGCGGAC
TTTCCGCCTG
CGAGGGAGCT
GCTCCCTCGA
TTTCGCCACC
ARMGCGGTGE
GCGGAGCCTA
CGCCTCGGAT
CCTTTTGCTG
GGARRACGRC
TCTGTGGATA
AGACACCTAT
CAGCCGRACG
GTCGGCTTGC

CTTGCRAACA
GRACGTTTGT
AAGAGCTACC
TTCTCGATGG
ATACCRAATA
TATGGTTTAT
GRACTCTGTA
CTTGAGACAT
TGGECTGCTEC
ACCGACGACG
CGATAGTTAC
GCTATCAATG
CACACAGCCC
GTGTGTCGEE
AGCGTGAGCT
TCGCACTCGA
AGGTATCCGE
TCCATAGGCC
TCCAGGGGGR
AGGTCCCCCT
TCTGACTTGA
AGACTGARACT
TGGAAAAACG
ACCTTTTTGC
GCCTTTTGCT
CGGAARACGA
ACCGTATTAC
TGGCATAATG
ACCGAGCGCA
TGGCTCGCET

Fig. 2

ARABARCCAC

AGARRARA
CTGTCCTTCT
GACAGGRAGA
GCACCGCCTA
CGTGGCGGAT
CAGTGGCGAT
GTCACCGCTA
CGGATALGGC
GCCTATTCCG
AGCTTGGAGC
TCGRACCTCG
ATGRGRAAGC
TRCTCTTTCG
TRAAGCGGCAG
ATTCGCCGTC
RACGCCTGGT
TTGCGGACCA
GCGTCGATTT
CGCAGCTRARR
CCAGCARACGC
GGTCGTTGCG
CRCATGTTCT
GTGTACRRGAR
CGCCTTTGAG
GCGGRAACTC
GCGAGTCAGT
CGCTCAGTCA

e
Gy 3

T
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Structure of pIBA/INSLys{318)Arg(328) plasmid encoding the recombinant protein lisarginsulin INS.
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Nucleotide sequence and amino acid sequence of piBA/INSLys{31B)Arg(32B) plasmid.

451

501

551

601

651

851

201

GAATTCGGAC
CTTAAGCCTG
CGCCACTTCC
GCGGTGRAGG
AGGTCAGGTT
TCCAGTCCRA
GCGCGGGTAA
CGCGCCCATT
GTCTGGCAGG
CAGACCGTCC
CGATCTCGTC
GCTAGAGCAG
ATCCAGTTGC
TAGGTCAACG
GGTARAGAAT
CCATTTCTTA
TCCAGCTCCA
AGGTCGAGGT
TAAGRCATAG
ATTCTGTATC
TTACACCTTC
ARTGTGGRAG
GGCAGATTGT
CCGTCTRACA
GCTAAGCACT
CGATTCGTGA
TTTCATGAGA
BAAGTACTCT
CCATTGTARG
GGTAACATTC
CCACTGARCGC
GETGACTGCG
AGTGATGCRA
TCACTACGTT
TETGTTGCGE
ACACARCGCC

TATTGGCGAC
ATAACCGCTCG

CGTTGGCGAT
GCAACCGCTA
RGCAGCAGET
TCGTCGTCCA
CGGTGAAACC
GCCACTTTGG
TGGGCGRATC
ACCCGCTTAG
GTTCTGTCGR
CBAGACARGCT
TTGTGTTAGA
AACACAATCT
CCCAGGTAGR
GGGTCCATCT
GGTCAGCAGA
CCAGTCGTCY
GCCATTCGGA
CGGTAAGCCT
CGCGGTTTIGT
GCGCCARACA
ATCCAGCGCG
TAGGTCGCGC
TTTCTGCTTC
ARRGACGAAG
GGGCTGETGA
CCCGACCALT
AGTGGGCATC
TCACCCGTAG
AAGTTTCGTG
TTCAAAGCAC
ATTCATTTGA
TAAGTARACT
ACTTGTAAGT
TGAACATTCA
AGTRGATGYET
TCATCTACRA

RAGCCTAGGT
TTCGGATCCA
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Fig. 4

GTGCGETTTG
CACGCCARAC
CATCAGGGGET
GTAGTCCCCAR
TGCTTCAACT
ACGAAGTTGA
AGACGGGCLE
TCTGCCCGEGEC
GGTRACGCCAE
CCATTGCGGET
ATTAATTCTA
TAATTAAGAT
CCGGCATCGA
GGCCGTAGCT
GAGAGTGCGT
CTCTCACGCA
ACCGTTCGCC
TGGCAAGCGG
RACGGCGCATG
TGCCGCGTAC
CGGCGGGBCTT
GCCGCCCGRA
CAGTGCCAGA
GTCRCGGTCT
CRATTTGCTG
GTTRAACGAC
TTCTTTTCCT
ARGRAARGGA
ATGTTCARCTT
TACARGTGRA
RAGTGAATTA
TTCACTTARAT
AGATTTCCTT
TCTAAAGGAA
AGARTACTAR
TCTTRTGATT

TTGTTTAACT
BACARATTGR

-ThrLysAla ValSerValLeu LysGlyAsp

TACTABAGCT
ATGATTTCGA
-IBRsnPheGlu
TTAATTTTGA
LATTABAACT

GTTTCTGTTIT
CARRGACARR

ACARRARAGAR
TETTTTECTT

IleLysGlyLeu ThrGluGly

ATTAAAGGAC
TRATTTCCTG

TTACTGAAGG
AATGACTTCC

TARARGGTGA
ATTTTCCACT

AGTAATGGAC
TCATTACCTG

CCTGCATGGR
GGACGTACCT

-BsphAsnThr AlaGlySerThr SerAlaGly

AGATAATACA
TCTATTATGT
‘HLeuCysGly
ACCTGTGETGEG
TGGACACACC

CGTGGTTITCY
GCRCCRAAGR
-CysThrSer

T

GCAGGCAGTA
CGTCCGTCAT

TTCTCACCTG
BAGRGTGGAC

TCTACACTCC
AGATGTGAGG

CTAGTGCAGG
GATCACGTCC

CTACATTCAC
GATGTRAGTG
GATTTCAGGA
CTARARGTCCT
CTGCATCTGC
GACGTAGACG
ATATTGGCGT
TATAACCGCA
GAAACGTTTT
CTTTGCARRR
ACATACGGETT
TGTATGCCAA
TGTGACCGAC
ACACTGGCTG
CATCAAGATC
GTAGTTCTAG
AGAARACGGG
TCETTTTGCCC
ACCTTCAARAC
TGGAAGTTTG
CGGCAGGAAG
GCCGTCCTTO
ARATGGCGCT
TTTACCGCGA
GCAACGTTGT
CGTTGCAACA
TRTATGCCGA
ARATACGGCT
TGATCCTGAT
ACTRGGACTA
TTTGAACCAG
ARACTTGGTIC
AATTGTGATG
TTAACACTAC
CAAACTCGCA
GTTTGAGCGT

TTAAGGAGAA
AATTCCTCTT
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ARGATGTTCTT
TCTACAAGRR
TCGTAGATAR
AGCATCTATT
ACGTAAGATC
TGCATTCTAG
GCATARAGGC
CGTATTTCCE
ATTCGARACAT
TRAGCTTGTA
GCAACAACGC
CGTTGTTGCE
GGTACGTGGET
CCATGCACCA
TTTCGCGCCT
ARAGCGCGGA
CGTARTCGGG
GCATTAGCCC
ATATCGCAGA
TRATAGCGTCT
CTGTGGGTAA
GACACCCATT
TCTGCTCCGE
AGACGAGGCC
TGCAGTGCAT
ACGTCACGTA
AGGTGATGCG
TCCACTACGC
GCGTTTGCCA
CGCRRACGGT
ATCGCATTAC
TAGCGTAATG
TGTATCGAAG
RCATAGCTTC
AGGTGRATTT
TCCACTTARA

MetAla -
ATCATATGGC
TAGTATACCG

GlyProVal GlnGlylilelle-

TGGTCCAGTT
ACCRGGTCAA

GlnLysGlu SerAsnGlyPro ValLysVal

CAGTTARAGT
GTCRATTTCA

TTCCATGTTC
AAGGTACAAG

CAAGGAATTA
GTTCCTTAAT

TrpGlySer

ATGGGGRAGT
TACCCCTTCA

LeuHisGly PheHisValHis GluPheGly:

ATGAGTTTGG
TACTCARRACC

ProArgPhe ValAsnGLnHis

TCCTCGTTTT
AGGAGCARAA

GTCAACCAGC
CAGTTGGTCG

SerHisLeu ValGluAlalLeu TyrLeuVal CysGlyGlu

GTTGAAGCAC TETACCTGGT ATGETGGCGAA
CARCTTCGTG ACATGGACCA TACACCGCTT
ArgGlyPhePhe TyrThrPro LysThriys ArgGlylleval GluGinCys
TARBARCRRAAG CGCGGCATCG TTGRRCAGTG
ATTTTGTTTC GCGCCGTAGC AACTTGTCAC

eCysSerLeu TyrGlnLeu GluAsnTyr CysAsn**¥
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1652

1701

1751

180L
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2201

2251

2301

2351

2401

2451

2501

2551

2601

2651

2701

2751

2801

2851

2301

CTGTACCTCT
GACATGGAGA
CTAGAATCGA
GATCTTAGCT
TARAGARACCA
ATTCTTTGGT
GAGGCCCTTT
CTCCGGGAAA
AAGCTTTAAT
TTCGAARTTA
ACCGTGTATG
TGGCACATAC
CCCTGGATGC
GGGARCCTACG
TTGCGGGATA
BACGCCCTAT
GCTAGCGCTA
CGATCGCGAT
CRCTGTCCGA
GTGACRGGCT
GGRGCCACTA
CCTCGGTGAT
CCTCTARCGCC
GGAGATGCGE
TTGCTGGCGEC
BLRCGRACCGCG
CACTTCGGGC
GTGAAGCCCG
CGTGGLCGGE
GCALCCGGCCC
CGGLGLCGGT
Geeeeeeeea
CAGGAGTCGC
GTCCTCRGCG
CCCRGTCAGC
GGETCRGTCG
TTATGACTGT
AATRCTGACA
CTCTGGGCCA
GAGACCCGGT
CGGCCTGTCG
GCCGGACAGT
TCGTCACTGG
AGCAGTGACC
GCCGGCATGS
CGGCCGTACC
GCGAGGCTGG
CGCTCCGACC
PCGGGATGCT
AGCCCTACGG
CATCAGGGAC
GTAGTCCCTG
GATCATTGGA
CTAGTAACCT
CATGGARRCGG
GTACCTTGCC
CTCCCCGCGT
GAGGGGCGCA
GGAAGCCGGL
CCTTCGGLCG
CAATCAATTC
GTTAGTTARG
ACATATCCAT
TGTATAGGTA
GGCAGCGTTG
CCGTCGCARC
RCGGATGGCA
TGCCTACCGT

ATCTGTTCCC
TAGACAAGGG
TGCCCGCTTA
ACGGGCGAAT
TTATTATCAT
RATAATAGTA
CGTCTTCAAG
GCAGAAGTTC
GCGETAGTTT
CGCCATCAAA
ARATCTAACA
TTTAGATTGT
TGTAGGCATA
ACATCCGTAT
TCGTCCATTC
AGCAGGTAAG
TATGCGTTGA
ATACGCARCT
CCGCTTTGGC
GGCGRERRLCG
TCGACTACGC
AGCTGATECG
GGACGCATCG
CCTGCGTAGC
CTATATCGCC
GATATAGCGG
TCATGAGCGC
AGTACTCGCG
GGACTGTTGG
CCTGACARCC
GCTCARCGGC
CGAGTTGCCG
ATARGGGAGA
TATTCCCTCT
TCCTTCCGGT
AGGAAGGCCA
CTTCTTTATC
GAAGAARTAG
TTTTCGGLGA
ARBRGCCGCT
CTTGCGGTAT
GAACGCCATA
TCCCGCCACC
AGGGCGGETGE
CGGCCGACGE
GCCGGLTGCE
ATGGCCTTCC
TACCGGRAGG
CGCGTTGCAG
GCGCAACGTC
AGCTTCRAGG
TCGRAGTTCC
CCGCTGATCG
GGCGACTAGC
GTTGGCATEG
CARCCGTACC
TGCGTCGLGE
RCGCAGCGCC
GGCACCTCGC
CCGTGGRGCG
TTGCGGAGAR
ARRCGCCTCTT
CGCETCCGCC
GCGCAGGLGE
GGTCCTGGCC
CCARGGACCGG
TGACAGTAAG
ACTGTCATTC
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TGTACCRACT
LCATGGTTGAR
ATGAGCGGGC
TACTCGCCCG
GACATTARCC
CTGTAATTGE
ACCTCTZCATG
TGGAGAGTAC
RTCRCAGTTA
TAGTGTCAAT
RTGCGCTCAT
TACGCGAGTA
GGCTTGGTTA
CCGAACCAAT
CGACAGCATC
GCTGTCGTAG
TGCAATTTECT
ACGTTAAAGA
CGCCGCCCAG
GCGGCGGGTC
GATCATGGCG
CTAGTACCGC
TGGCCGGCAT
ACCGGCCGTA
GACATCACCG
CTGTAGTGGC
TTGTTTCGGC
RACRRAGCCG
GCGCCATCTC
CGCGGTAGAG
CTCRACCTAC
GAGTTGGATG
GCGTCGACCG
CGCAGCTGGC
GGGCGLGELEE
ceeeeeeeee
ATGCARACTCG
TACGTTGAGC
GGACCGCTTT
CCTGGCGARA
TCGGAATCTT
AGCCTTAGAA
RRABCGTTZCG
TTTGCRAAAGC
GCTGGGCTAC
CGACCCGATG
CCATTATGAT
GGTARTACTA
GCCATGCTGT
CGGTACGACA
ATCGCTCGCG
TAGCGAGCGC
TCACGGCGAT
AGTGECCGCTA
ATTGTAGGCG
TAACATCCGC
TGCATGGAGC
ACGTACCTCG
TAACGGATTC
ATTGCCTBAG
CTGTGAATGC
GACACTTACG
ATCTCCAGCR
TAGAGGTCGET
CGGGACTCAC
GCCCTGAGTG
AGAATTATGC
TCTTAATACG

GGAGAACTAC
CCTCTTGATG
TTTTTTTTCT
DARARRLAGA
TATAAAARTA
ATATTTTTAT
TTTGACAGCT
RRACTGTCGR
RBATTGCTRRC
TTAACGATTG
CGTCATCCTC
GCAGTAGGARG
TGCCGETACT
ACGGCCATGA
GCCAGTCACT
CGGTCAGTGA
RTGCGCACCC
TACGCGTGGEG
TCCTGECTCEC
AGGACGAGCG
ACCACACCCG
TGGTGTGGEGEC
CACCGGCGLC
GTGGCCELEG
ATGGGGAAGR
TACCCCTTCT
GTGGGETATGG
CACCCATACC
CTTGCATGCR
GAACGTACGT
TACTGGGCTG
ATGACCCGAC
ATGCCCTTGA
TACGGGAACT
CATGACTATC
GTACTGATAG
TAGGACAGGT
ATCCTGTCCR
CGCTGGAGLG
GCGACCTCEGC
GCACGCCCTC
CGTGCGLGAG
GCGAGAAGCA
CGCTCTTCET
GTCTTGCTGG
CAGAACGACC
TCTTCTCGCT
AGAAGAGCGA
CCAGGCAGGT
GGTCCGTCCA
GCTCTTACCR
CGAGAATGGT
TTATGCCGCC
RATACGECGG
CCGCCCTATA
GGCGGGATAT
CGGGCCACCT
GCCCGETGGA
ACCACTCCRA
TGGTGRGGTT
GCAAACCARAC
CGTTTGGTTG
GCCGCACGCG
CGGCGETGCGEC
CAGTCARACAGA
GTCAGTGTCT
AGTGCTGCCA
TCACGACGGT
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TGCAATTAAT
ACGTTAATTA
CGAGGACGTC
GCTCCTGCAG
GGCGTATCAC
CCGCATAGTG
TATCATCGAT
ATAGTAGCTA
GCAGTCAGGC
CGTCAGTCCG
GGCACCGTCA
CCGTGGCAGT
GCCGGGCCTC
CGGCCCGGAG
ATGGCGTGECT
TACCGCACGA
GTTCTCGGAG
CAAGAGCCTC
TTCGCTACTT
ARGCGARTGRA
TCCTGTGGAT
AGGACACCTA
RACAGGTGCGG
TGTCCACGCC
TCGGGCTCGC
AGCCCGAGCG
TGGCAGGCCC
ACCGTCCGGG
CCATTCCTTG
GGTARGGAAC
CTTCCTRAATG
GRAGGATTAC
GRGCCTTCAR
CTCGGAAGTT
GTCGCCGCAC
CAGCGGCGTG
GCCGGCAGCG
CGGCCGTCGL
CGACGATGAY
GCTGCTACTA
GCTCRAGCCT
CGAGTTCGGA
GGCCATTATC
CCGGTAATAG
CGTTCGCGAT
GCAAGCGCTG
TCCGGCGGCA
AGGCCGCCGT
AGATGACGAC
TCTACTGCTG
GCCTAACTTC
CGGATTGARAG
TCGGCGAGCA
AGCCGCTCGT
CCTTGTCTGC
GGAACAGACG
CGACCTGAAT
GCTGGACTTA
GAATTGGAGC
CTTAACCTCG
CCTTGGCAGR
GGARCCGTCT
GCGCATCTCG
CGCGTAGAGC
ARAGCATCTT
TTTCETAGAR
TAACCATGAG
ATTGGTACTC
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2951 TGATAACACT
ACTATTGTGA
3001 AGCTARCCGC
TCGATTGGCG
3051 CGTTGGGAAC
GCRACCCTTG
3101 CRCGATGCCT
GTGCTACGGA
3151 BACTACTTAC
TTGATGAATG
3201 GRTAARGTTG
CTATTTCAAC
3251 TATTGCTGAT
ATAACGACTA
3301 CAGCACTGGG
CTCGTGACCC
3351 ACGGGGAGTL
TGCCCCTCAG
3401 AGGTGECCTCA
TCCRACGGAGT
3451 ATATACTETA
TATATGARAAT
3501 GTGRAGATCC
CACTTCTRAGG
3551 TTCGTTCCAC
AAGCAAGGTE
3601 GAGATCCTT?T
CTCTAGGAARL
3651 CCGCTACCAG
GGCGATGGETC
3701 TCCGRRGGTA
AGGCTTCCAT
3751 TAGTGTAGCC
ATCACATCGE
3801 ACATACCTCG
TGTATGGAGC
3851 TRAGTCGTGT
ATTCAGCACA
3801 CGCAGCGGTC
GCGTCECCAG
3851 CGAACGACCT
GCTTGCTGGA
4001 CGCCACGCTT
GCGGTGCGAR
4051 GGGETCGGRAC
CCCAGCCTTG
4101 TATCTTTATA
ATAGAARTAT
4151 TTTETGATGC
AARCRACTACE
4201 CGEECCTTTTT
GCCGEGARRRR
47251 TTTCCTGCGET
ARRGGACGCA
4301 GTGAGCTGAT
CACTCGACTA
4351 TGAG
ACTC

GCGGCCAALT
CGCCGGTTGA

AAADRACGTG
CGGAGCTGAA
GCCTCGACTT
GCAGCARAATGGE
CGTCGTTACC
TCTAGCTETCC
BGATCGARAGG
CAGGACCACT
GTCCTGGTGA
AAATCTGGAG
TTTAGACCTC
GCCAGATGGET
CGGTCTACCA
AGGCRARCTAT
TCCGTTGATA
CTGATTAAGC
GACTRATTCG
GATTGATTTA
CTAACTRARAT
TTTTTGRTAR
AAARACTATT
TGAGCGETCRG
ACTCGCAGTC
TTTTCTGCGC
AAARGACGCG
CGGETGEETTTG
GCCACCARRC
ACTGGCTTCR
TGACCGRAGT
GTAGTTRGGC
CATCARTCCG
CTCTGCTAAT
GAGACGATTA
CTTACCGGGET
GAATGGCCCA
GGGCTGAACG
CCCGACTTGC
ACACCGARCT
TGTGECTTGR
CCCGARGGGA
GGGCTTCCCT
AGGRGAGCGC
TCCTCTCGCG
GTCCTETCGG
CAGGACAGCC
TCGTCAGGGE
AGCARGTCCCC
ACGGTTCCTG
TGCCAAGGAC
TATCCCCTGA
ATAGGGGACT
ACCGCTCGCC
TGGCGAGLGE
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TACTTCTGAC
ATGRAGACTG
ARACRTGGGGG
TTGTACCCCC
TGAAGCCATA
ACTTCGGTAT
CAACRACGTT
GTTGTTGCAA
CGGCARCAAT
GCCGTTGTTA
TCTGLGLTCG
AGACGCGAGC
CCGGTGAGCE
GGCCACTCGC
ARGCCCTCCC
TTCCEGAGGE
GGATGRACGAR
CCTACTTGCT
ATTGGTRACT
TAACCATTGA
ABACTTCATT
TTTGAAGTAR
TCTCATGACC
AGAGTACTGG
ACCCCGTAGA
TGGGGCATCT
GTAATCTGCT
CATTAGACGA
TTTGCCGGAT
BARAACGGCCTA
GCAGAGCGCA
CGTCTCGLGT
CACCACTTCA
GTGGTGAAGT
CCTGTTACCA
GGACAATGGT
TGGACTCAAG
ACCTGAGTTC
GGGGEGTTCGT
CCCCCRAGCA
GAGATACCTA
CTCTATGGAT
GRAAGGCGGA
CTTTCCGCCT
ACGAGGGAGC
TGCTCCCTCG
GTTTCGCCAC
CRAAGCGGTG
GGCGGAGCCT
CCGCCTCGGA
GCCTTTTGCT
CGGAARACGA
TTCTGTGGAT
ARGACACCTA
GCAGCCGAAC
CGTCGGCTTS

Fig. 4

AACGATCGGA
TTGCTAGCCT
ATCATGTAAC
TRGTACATTG
CCAARCGACG
GGTTTGCTGC
GCGCRARCTA
CGCGTTTGAT
TAATAGRCTG
ATTATCTGRC
GCCCTTCCGG
CGGGAMGGCC
TGEGEGTCTCGE
ACCCAGAGCG
GTATCGTAGT
CATAGCATCA
AATAGACAGA
TTATCTGTCT
GTCAGACCAA
CAGTCTGETT
TTTAATTTAA
ARATTARATT
RAAATCCCTT
TTTTAGGGRA
BAAGATCARRA
TTTCTAGTTT
GCTTGCARRC
CGAACGTTTG
CAAGAGCTAC
GTTCTCGATG
GATACCAAAT
CTATGGTTTA
AGRACTCTGT
TCTTGAGACA
GIGGCTGLTG
CACCGACGAC
ACGATAGTTA
TGCTATCAAT
GCACACAGCC
CGTGTGTCEG
CAGCGTGAGC
GTCGCACTCG
CAGGTATCCG
GTCCATAGGC
TTCCAGGGGE
AAGGTCCCCC
CTCTGACTTG
GAGACTGAAC
ATGGARAARC

GGCCTTTTGC
CCGGARAACG
AACCGTATTA
TTGGCATAAT
GACCGAGCGC
CTGGCTCGLE
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GGACCGAAGE
CCTGGLTTCC
TCGCCTTGEAT
AGCGGAACTA
AGCGTGACAC
TCGCACTGTG
TTAARCTGGCG
ARTTGACCGC
GATGGAGGLCG
CTACCTCCGC
CTGGCTGGTT
GACCGACCAA
GGTATCATTG
CCATAGTAAC
TATCTACACG
ATAGATGTGC
TCGCTGAGAT
AGCGACTCTA
GTTTACTCAT
CRAATGAGTA
AAGGATCTAG
TTCCTAGATC
BACGTGAGTT
TTGCACTCAA
GGATCTTICTT
CCTAGAAGAAR
ABABRAAACCA
TTTTTTITGGE

CRACTCTTT
GTTGAGAARA
ACTGTCCTTC
TGACAGGAAG
BGCRCCGCCT
TCGTGGCGGA
CCAGTGGCGA
GGTCACCGLT
CCGGRTAAGG
GGCCTATTCC
CAGCTTGGAG
GTCGRACCTC
TATGRGARAG
ATACTCTTTC
GTARGCGGCA
CATTCGCCGT
ABRACGCCTGG
TTTGCGGACC
AGCGTCGATT
TCGCAGCTAA
GCCAGCAALG
CEGTCGTTGL
TCACATGTTC
AGTGTACAAG
CCGCCTTTGA
GGCGGARACT
AGCGAGTCAG
TCGCTCAGTC
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