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RECOMBINANT PREPARATION OF CALCITONIN 
FRAGMENTS AND USE THEREOF IN THE 

PREPARATION OF CALCITONIN AND RELATED 
ANALOGS 

[0001] Calcitonins and related analogs, such as Elcatonin, 
are known polypeptides Which can be employed for treating 
bone atrophy (see, e.g., US. Pat. No. 4,086,221). Naturally 
occurring calcitonins, such as eel, salmon or human calci 
tonin, are C-terminal amidated polypeptides Which consist 
of 32 amino acids, the ?rst and the seventh amino acids in 
each case being L-cysteines Whose mercapto groups are 
connected to each other by the formation of a disul?de 
bridge. The natural calcitonins can be obtained, for eXample, 
by extraction from the mammalian thyroid gland (see, e.g., 
US. Pat. No. 5,428,129). 

[0002] Elcatonin is a modi?ed synthetic “carba” analog of 
calcitonin Whose activity is comparable With that of eel 
calcitonin (MorikaWa et al., Experienta, 32, 1004, (1976)). 
In contrast to eel calcitonin, Elcatonin lacks an amino 
terminal end and the disul?de bridge of eel calcitonin has 
been replaced by a —(CH2)6—“carbon bridge.” 

[0003] Currently, a variety of processes are knoWn for the 
preparation of Elcatonin using purely chemical methods. 
These chemical methods involve condensation of the cor 
responding amino acids or peptides (see, e.g., US. Pat. Nos. 
4,086,221 and 5,428,129). The purely chemical methods, 
hoWever, all suffer from the disadvantage that, due to the 
elaborate puri?cation methods required, the Elcatonin is 
obtained in loW yield and its preparation is consequently 
very eXpensive. 

[0004] It Would accordingly be bene?cial to be able to 
avoid the disadvantages of the purely chemical methods in 
the preparation of Elcatonin through the use of a approach 
Which includes the recombinant preparation of a portion of 
the molecule. This could be achieved, for eXample, if a 
simple process for the recombinant preparation of a C-ter 
minal polypeptide fragment Was available. The recombi 
nantly synthesiZed C-terminal fragment could then be used 
as a starting peptide for the preparation of calcitonin or carba 
analogs such as Elcatonin. Apartially recombinant strategy 
Would also facilitate the synthesis of peptides/peptide ana 
logs of calcitonin, Elcatonin and related analogs or deriva 
tives Which could potentially include non-natural amino 
acids. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a process for 
the recombinant preparation of a calcitonin fragment and the 
use of the fragment in the preparation of calcitonin and 
related analogs including carba analogs (referred to herein 
after as “calcitonin carba analogs”), such as Elcatonin. The 
invention includes recombinantly forming a fusion protein 
Which includes a target sequence linked to a carbonic 
anhydrase through a cleavage site. The target sequence 
includes a sequence of at least about 15 amino acids residues 
corresponding to a fragment from near the C-terminus of 
calcitonin or to a closely related analog of such a fragment. 
Typically, the target sequence includes an amino acid 
sequence corresponding to amino acids residues 10 through 
32 of calcitonin or closely related analogs (collectively 
referred to hereinafter as a “10-32 fragment”). The recom 
binantly formed fusion protein is subsequently cleaved With 
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a cleavage reagent to produce a polypeptide including the 
target sequence. The cleavage reaction may be carried out by 
contacting the fusion protein With either a chemical cleavage 
reagent or an enZymatic cleavage reagent. The choice of a 
suitable cleavage reagent and the corresponding cleavage 
site incorporated into the fusion protein Will depend on the 
particular target sequence and carbonic anhydrase sequence 
present in the fusion protein. Typically, the cleavage reagent 
and cleavage site are selected such that the amino acid 
sequence constituting the cleavage site does not appear in 
the amino acid sequence of either the target sequence or the 
carbonic anhydrase. For eXample, a cyanogen bromide 
cleavage at methionine Would not be employed With a fusion 
protein Which included the 10-32 fragment from porcine, 
bovine or sheep calcitonin. 

[0006] The cleavage site is typically present in a linker 
sequence Which connects the carbonic anhydrase and the 
target sequence. Alternatively, the fusion protein may 
include a construct in Which the C-terminus of the carbonic 
anhydrase is connected directly to the N-terminus of the 
target sequence. This may occur Where the C-terminal 
residue(s) of the carbonic anhydrase and the N-terminal 
residue(s) of the target sequence constitute a cleavage site 
Which alloWs cleavage of the peptide bond betWeen the tWo 
fragments. In addition to a cleavage site present in a linker 
sequence, the carbonic anhydrase portion of the fusion 
protein may also include a different cleavage site Which 
permits the fusion protein to be cleaved to form a “minifu 
sion protein,” i.e., a polypeptide having a C-terminal portion 
of the carbonic anhydrase still linked to the target sequence. 

[0007] One embodiment of the invention includes a 
method for the recombinant preparation of polypeptides 
corresponding to amino acids 10-32 of calcitonin or related 
analogs (“10-32 fragments”). The method typically includes 
the recombinant preparation of a polypeptide fragment (“10 
32 fragment-XXXX”) of the formula: 

[0009] Wherein A10 is Gly or Ser, A11 is Lys, Thr or 
Ala, A12 is Leu or Tyr, A13 is Ser, Thr or Trp, A14 is 
Gln, Lys or Arg, A15 is Glu, Asp or Asn, A16 is Leu 
or Phe, A17 is His or Asn, A18 is Lys or Asn, A19 is 
Leu, Tyr or Phe, A20 is Gln or His, A21 is Thr or Arg, 
A22 is Tyr or Phe, A23 is Pro or Ser, A24 is Arg, Gly 
or Gln, A25 is Thr or Met, A26 is Asp, Ala, Gly, or 
Asn, A27 is Val, Leu, Ile, Phe, or Thr, A29 is Ala, Val, 
Pro or Ser, A30 is Gly, Val or Glu, A31 is Thr, Val or 
Ala. The C-terminal -XXX group is typically a C-ter 
minal carboXylic acid (“—OH”), a C-terminal car 
boXamide (“—NH2”), or group capable of being 
converted into a C-terminal carboXamide, such as an 
amino acid residue or a polypeptide group (typically 
having from 2 to about 10 amino acid residues). The 
10-32 fragment represented by residues A10 to A32 
(SEQ ID NO:2) corresponds to residues 10 through 
32 of the amino acid sequences for eel (SEQ ID 
NO:37), salmon I (SEQ ID NO:38), salmon II (SEQ 
ID NO:39), salmon III (SEQ ID NO:40), chicken 
(SEQ ID NO:41), human (SEQ ID No:42), rabbit 
(SEQ ID NO:43), porcine (SEQ ID NO:44), bovine 
(SEQ ID NO:45) and sheep (SEQ ID NO:46) calci 
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tonin or closely related analogs (see the calcitonin 
sequences shown in FIG. 9). The present method 
may also be employed to recombinantly produce 
10-32 fragments corresponding to modi?ed calcito 
nin sequences. The modi?ed calcitonin sequences 
may include one or more conservative amino acid 
substitutions in the natural amino acid sequence. 

[0010] The 10-32 fragment may be utiliZed in the prepa 
ration of calcitonin and related analogs. The preparation 
typically includes the condensation of an N-terminal frag 
ment of the formula: 

[0011] Wh6r€1I1A21S Gly, Ser or Ala; A3 is Asn or Ser; 
A8 is Val or Met; R2 is —(CH2)4— or 
—C1H(NH2)CH2S—S—; and Y is OH, 0R1, Where 
—R is a loWer alkyl group; 

[0012] With a recombinantly-formed polypeptide of 
the formula: 

[0014] Wherein a A10 is Gly or Ser, A11 is Wherein 
A10 is Gly or Ser,A11 is Lys, Thr or Ala, A12 is Leu 
or Tyr, A13 is Ser, Thr or Trp, A14 is Gln, Lys or 
Arg, A15 is Glu, Asp or Asn, A116 is Leu or Phe, 
A17 is His or Asn, A18 is Lys or Asn, A19 is Leu, Tyr 
or Phe, A20 is Gln or His, A21 is Thr or Arg, A22 
is Tyr or Phe, A23 is Pro or Ser, A24 is Arg, Gly or 
Gln, A25 is Thr or Met, A26 is Asp, Ala, Gly, or 
Asn, A27 is Val, Leu, Ile, Phe, or Thr, A29 is Ala, 
Val, Pro or Ser, A30 is Gly, Val or Glu, A31 is Thr, 
Val or Ala, and —XXX is —OH, —NH2, an amino 
acid residue or a polypeptide group; 

in e resence o a non-enZ ma ic cou 0015 th p f y t 
pling reagent to form a calcitonin-derivative hav 
ing the formula: 

(SEQ ID NO: 48) 

[0016] In one embodiment of the invention, the recombi 
nantly-formed 10-32 fragment is condensed With a desami 
nononapeptide. The desaminononapeptide is a carba analog 
of an N-terminal calcitonin fragment and typically has the 
formula: 
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(SEQ ID NO: 3) 

CH2— (CH2)3—CH2 

[0017] Wh6r€1I1A21S Gly, Ser or Ala; A3 is Asn or Ser; 
A8 is Val or Met; and Y is OH, ORl, Where —R1 is 
a loWer alkyl group (i.e., a C1-C6 alkyl group). The 
condensation reaction may be carried out using a 
chemical coupling reaction such as those described 
in US. Pat. Nos. 4,086,221 and 5,428,129, the 
disclosures of Which are herein incorporated by 
reference. Chemical coupling agents are Well knoWn 
to those skilled in the art. Suitable chemical coupling 
agents include carbodiimides and a variety of other 
non-enZymatic reagents capable of reacting With the 
ot-carboXylic acid group of a peptide to form an 
activated carboXylic acid derivative and/or capable 
of catalyZing the condensation of an activated ot-car 
boXylic acid derivative With an N-terminal ot-amino 
group of another amino acid or polypeptide. Chemi 
cal coupling reactions in Which the C-terminal ot-car 
boXylic acid of the desaminononapeptide has been 
converged to an acid aZide, miXed acid anhydride, 
acid imidaZole or active ester may be employed in 
the present invention. An especially effective method 
of coupling tWo peptide fragments is carried out in 
the presence of a carbodiimide and a reagent capable 
of forming an active ester, e.g., a mixture of dicy 
cloheXylcarbodiimide (“DCC”) and either N-hy 
droXysuccinimide (“HOSu”) or 1-hydroXybenZotria 
Zole (“HOBt”). 

[0018] The recombinantly-formed 10-32 fragment 
employed in the condensation preferably has the formula: 

A1O_A11_A12_A13_A14_A15_A16_A17_A18_A19_ 
A20'A21'A22'A23'A24'A25'A26'A27'G1y'A29'A30' 
A31-Pro-XXX (SEQ ID NO:1) 

[0020] Wherein A1O through A31 and —XXX are as 
de?ned herein. 

[0021] The product of the coupling reaction is typically a 
calcitonin carba analog having the formula: 

(SEQ ID NO: 4) 

[0022] Wherein A1O through A31 and —XXX are the 
same as de?ned herein for the desaminononapeptide 
(SEQ ID NO:3) or the 10-32 fragment-XXX (SEQ ID 
NO:1). The coupling of the desaminononapeptide 
and the recombinantly-formed peptide is typically 
carried out in the presence of a non-enZymatic cou 
pling reagent. 
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[0023] A preferred embodiment of the invention provides 
a method for the recombinant preparation and amidation of 
a polypeptide fragment (referred to herein as the “ECF2 
amide”) having the formula: 

[0024] Gly-Lys-Leu-Ser-Gln-Glu-IJeu-His-Lys-Leu 
Gln-Thr-Tyr-Pro-Arg-Thr-Asp-Val-Gly-Ala-Gly 
Thr-Pro-NH2 (SEQ ID NO:6) 

[0025] and for coupling the ECF2-amide to an amino 
terminal fragment of Elcatonin (referred to hereafter as 
“ECF1”), Which has the formula: 

(SEQ ID NO: 7) 

C(O)—Ser-Asn-Leu-Ser-Thr—NHCHC(O)—Val-Leu. 

(CH2)5 

[0026] The present invention also provides a nucleic acid 
sequence Which includes a sequence coding for amino acids 
10-32 of calcitonin or a related analog. The nucleic acid 
sequence typically encodes a fusion protein Which includes 
the 10-32 fragment linked to a carbonic anhydrase through 
a cleavage site. The portion of the gene encoding the 10-32 
fragment is preferably designed using optimal codon usage 
for a targeted host cell, such as E. coli, S. cerevisiae or R 
pastoris. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs a map of plasmid pET31F1mhCAII. 
The plasmid includes the F1 origin of replication from 
plasmid pEMBL8 introduced in the opposite orientation of 
the pSP65 origin of replication. 

[0028] FIG. 2 shoWs a map of plasmid pABN. Plasmid 
pABN includes a nucleic acid sequence coding for a Linker 
peptide fragment inserted into the plasmid near the carboXy 
terminal end of the gene sequence of human carbonic 
anhydrase II (“hCAII”). 
[0029] FIG. 3 shoWs a map of plasmid PTBN. Plasmid 
pTBN is a tetracycline resistant expression vector derived 
from the insertion of a 1.5-kb fragment from pABN into 
plasmid pBR322. The 1.5-kb fragment includes the T7 
promotor, hCAII, Linker and T7 terminator sequences from 
pABN. 

[0030] FIG. 4A is a schematic illustration of the ?rst step 
of the preparation using PCR methodology of a nucleotide 
sequence encoding ECF2-Ala and additional restriction sites 
to permit cloning the fragment into plasmids. This step Was 
carried out by conducting a PCR reaction using Taq DNA 
polymerase on PCR MIX 1. 

[0031] FIG. 4B is a schematic illustration of the second 
step of the preparation of a DNA sequence encoding ECF2 
Ala. The PCR produces derived from the extension of 
oligonucleotides 2 and 3 in PCR MIX 1 (2EXt (SEQ ID 
NO:8) and 3Ext (SEQ ID NO:9) respectively) have 20 bp of 
complementary sequence at their 3‘ ends. The second PCR 
reaction using Taq DNA polymerase creates a double 
stranded nucleotide fragment Which includes a full length 
non-interrupted gene sequence encoding ECF2-Ala (SEQ 
ID NO:10). 
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[0032] FIG. 5 shoWs a map of plasmid pTBN26. Plasmid 
pTBN26 includes a gene sequence for the entire hCAII 
Linker-ECF2-Ala (“hCA-ECF2-Ala”) fusion protein con 
struct. 

[0033] FIG. 6A shoWs the nucleotide (SEQ ID NO:11) 
and amino acid (SEQ ID NO:12) sequences for the N-ter 
minal methionine and hCAII residues 1-162 of the hCAII 
Linker-ECF2-Ala fusion protein construct. 

[0034] FIG. 6B shoWs the nucleotide (SEQ ID NO:11) 
and amino acid (SEQ ID NO:12) sequences for hCAII 
residues 162-257, and the linker and ECF2-Ala fragments of 
the hCAII-Linker-ECF2-Ala fusion protein construct. 

[0035] FIG. 7 shoWs a nucleotide sequence (SEQ ID 
NO:5) and the amino acid (SEQ ID NO:6) sequence for the 
23 amino acid C-terminal fragment (“ECF2”) of Elcatonin 
and eel calcitonin. The nucleotide sequence shoWn is the 
sequence encoding ECF2 present in the gene for the hCA 
ECF2-Ala fusion protein incorporated into plasmid 
pTBN26. 

[0036] FIG. 8 shoWs a representative preparative HPLC 
trace (using a polysulfolethyl-aspartamide column) of a 
sample containing ECF2-amide (SEQ ID NO:6). The peak 
for ECF2-amide appears betWeen 14.5 and 16.3 minutes. 

[0037] FIG. 9A shoWs the amino acid sequences for 
residues 1-15 of calcitonin from a number of species. 

[0038] FIG. 9B shoWs the amino acid sequences for 
residues 16-32 of calcitonin from a number of species. 

[0039] FIG. 10 shoWs a double stranded DNA fragment 
(SEQ ID NO:10) synthesiZed from the 5 oligonucleotide 
described in eXample 1.1 via PCR methodology. 

[0040] FIG. 11 depicts the nucleotide sequence for oligo 
nucleotide ZEXt (SEQ ID NO:8) produced during the PCR 
synthesis of the gene sequence encoding ECF2. 

[0041] FIG. 12 depicts the nucleotide sequence for oligo 
nucleotide 3EXt (SEQ ID NO:9) produced during the PCR 
synthesis of the gene sequence encoding ECF2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The recombinant preparation of the fusion protein 
according to the present invention includes the construction 
of a nucleic acid sequence coding for the target sequence 
linked to a carbonic anhydrase through a cleavage site (“FP 
nucleic acid sequence”). The FP nucleic acid sequence 
shoWn in FIG. 6 is one eXample of a suitable nucleic acid 
sequence for use in the present method. The nucleic acid 
sequence shoWn in FIG. 6 includes codons encoding resi 
dues 1-257 of human carbonic anhydrase II (“hCAII”). 

[0043] Inclusion of this amino acid sequence or other 
functionally active fragments of a carbonic anhydrase in the 
fusion protein greatly facilitates the isolation of the fusion 
protein from cell debris. As used herein, the term “carbonic 
anhydrase” includes naturally occurring carbonic anhydrase 
(and any allelic variants), functionally active carbonic anhy 
drase fragments or modi?ed versions (“mutants”) thereof. 
Herein “functionally active carbonic anhydrase fragments 
and mutants” means a fragment or modi?ed version of a 
carbonic anhydrase Which eXhibits the enZyme inhibitor 
binding properties of hCAII. Fragments having such prop 



US 2001/0031856 A1 

erties are capable of binding carbonic anhydrase inhibitors 
such as sulfanilamides extremely tightly. A functionally 
active fragment having such binding properties exhibits 
highly selective affinity binding to a loW molecular Weight 
ligand, eg a sulfanilamide, or a synthetic derivative thereof. 
The binding is strong so that, in general, the carbonic 
anhydrase/ligand conjugate Will exhibit a solution dissocia 
tion constant (inverse of the binding constant) of no more 
than about 10-7 M. Generally, the ligand is a reversible 
inhibitor for the carbonic anhydrase. Suitable carbonic anhy 
drase fragments may lack an N-terminal or C-terminal 
portion of the enZyme, so long as the fragments retain the 
functional inhibitor binding activity of the enZyme. Simi 
larly, modi?ed carbonic anhydrases Which may be employed 
as binding proteins in the present fusion protein may be 
modi?ed by one or more amino acid additions, deletions or 
insertions so long as the modi?ed enZyme substantially 
exhibits the inhibitor binding activity described above. Typi 
cally, a carbonic anhydrase is modi?ed by deleting or 
altering amino acid residues so that the modi?ed enZyme 
does not contain the particular amino acid(s) to be employed 
as a cleavage site in the fusion protein. For example, Where 
cyanogen bromide is to be utiliZed as a cleavage reagent, a 
carbonic anhydrase may be modi?ed to remove or replace 
any methionine (“Met”) residues normally present. 

[0044] The FP nucleic acid sequence includes a sequence 
encoding a 10-32 fragment, i.e., amino acid residues 10-32 
of calcitonin or a closely related analog. The closely related 
analogs may be derived from conservative amino acid 
substitutions in a calcitonin 10-32 fragment. This portion of 
the nucleic acid sequence may be designed to optimiZe the 
expression of the fusion protein in a particular host cell. For 
example, Where the expression of the fusion protein is to be 
carried out using an enterobacteria such as E. coli as the host 
organism, the nucleic acid sequences encoding the 10-32 
fragment and the cleavage site are typically constructed 
based on the frequency of codon usage for the targeted host 
organism (see, e.g., discussion of frequency of codon usage 
in Gribskov et al., Nucl. Acids Res., 12, 539-549 (1984)). 

[0045] The cleavage site may be a chemical cleavage site 
or an enZymatic cleavage site. Chemical and enZymatic 
cleavage sites and the corresponding agents used to effect 
cleavage of a peptide bond close to one of these sites are 
described in detail in PCT patent application WO 92/01707, 
the disclosure of Which is herein incorporated by reference. 
Examples of peptide sequences (and DNA gene sequences 
coding therefor) suitable for use as cleavage sites in the 
present invention and the corresponding cleavage enZymes 
or chemical cleavage conditions are shoWn in Table 1. The 
gene sequence indicated is one possibility coding for the 
corresponding peptide sequence. Other DNA sequences may 
be constructed to code for the same peptide sequence. 
Preferably, the nucleic acid sequence coding for the cleavage 
site is designed based on the more commonly used codons 
for each amino acid for the host cell to be employed in the 
expression of the fusion protein. For example, The nucle 
otide sequence may be based on optimum codon usage for 
an enterobacteria, such as E. coli (see, e.g., Gribskov et al., 
Nucl. Acids Res., 12, 539-549 (1984)). 

[0046] The cleavage site may be present as part of a linker 
peptide Which connects the carbonic anhydrase and the 
target sequence. For example, the amino acid sequence 
(SEQ ID NO:12) for hCAII-linker-ECF2-Ala (“hCA-ECF2 
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Ala”) depicted in FIG. 6 includes a seven amino acid linker 
sequence (-Phe-Val-Asp-Asp-Asp-Asp-Asn-; (SEQ ID 
NO:14)) Which sets up a chemical cleavage site cleavable by 
hydroxylamine (“Asn-Gly”) betWeen the C-terminal aspar 
agine residue of the linker and the N-terminal glycine 
residue of the target sequence. 

[0047] The fusion protein includes at least one copy and 
may include multiple copies of the target sequence. Where 
multiple copies of the target sequence are present, the copies 
may be tandemly linked together. Alternatively, the copies of 
the target sequence may be linked together by an 

TABLE 1 

Peptide 
Sequence DNA Sequence 

Enzymes 
for Cleavage 

Enterokinase (Asp)4Lys GACGACGACGATAAA 
(SEQ ID NO: 16) (SEQ ID NO: 15) 

Factor Xa IleGluGlyArg ATTGAAGGAAGA 
(SEQ ID NO: 18) (SEQ ID NO: 17) 

Thrombin GlyProArg or GGACCAAGA or 
GlyAlaArg GGAGCGAGA 

Ubiquitin Cleaving ArgGlyGly AGAGGAGGA 
Enzyme 
Renin HisProPheHisLeu- CATCCTI'ITCATC 

LeuValTyr TGCTGGTITAT 
(SEQ ID NO: 20) (SEQ ID NO: 19) 

Trypsin Lys or Arg AAA OR CGT 
Chymotrypsin Phe or Tyr or Trp TIT or TAT or TGG 
Clostripain Arg CGT 
S. aureus VS Glu GAA 
Chemical 
Cleavage 

(at pH3) AspGly or AspPro GATGGA or GATCCA 
(Hydroxylamine) AsnGly AATCCA 
(CNBr) Methionine ATG 
BNPS-skatole Trp TGG 
2-Nitro-5- Cys TGT 
thiocyanatobenzoate 

[0048] innerconnecting linker peptide. The innerconnect 
ing linker peptide may be the same as or different than the 
intraconnecting linker peptide Which connects the carbonic 
anhydrase to the ?rst copy of the target peptide. If the 
innerconnecting and intraconnecting linker peptides are the 
same or include the same cleavage site, the fusion protein 
may be cleaved directly to produce a number of fragments 
each containing a single copy of the target peptide. If, 
hoWever, the innerconnecting and intraconnecting linker 
peptides contain different cleavage sites, it may be possible 
to initially cleave off the carbonic anhydrase fragment to 
form a intermediate polypeptide having more than one copy 
of the target peptide. 

[0049] Target sequences free of methionine residues may 
be produced using the present method from a multicopy 
construct having innerconnecting peptides Which include a 
methionine residue. Where the methionine residue is 
directly linked to the C-terminus of the target sequence, the 
multicopy construct may be cleaved With cyanogen bro 
mide. The resulting fragments may be transpeptidated using 
a carboxypeptidase, e.g., a serine carboxypeptidase such as 
carboxypeptidase Y, to replace the C-terminal homoserine 
residue With an ot-amidated amino acid. The fragments may 
be also transamidated With the carboxypeptidase to replace 
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the C-terminal homoserine residue With a 2-nitrobenZy 
lamine compound. This produces a fragment having a C-ter 
minal (2-nitrobenZyl)amido group Which may be photo 
chemically decomposed to produce an ot-amidated peptide 
fragment minus the homoserine residue. 

[0050] One example of a fusion protein including multiple 
copies of a target sequence in a construct Which includes 
hCA-(MetValAsnAspAspAspAsn-ECF2)n-XXX, Where 
hCA, ECF2 and XXX are as de?ned herein and n is an integer 
(typically 2 to 20). Such a construct may be treated With 
CNBr to form ValAspAspAspAspAsn-ECF2-Hse (SEQ ID 
NO:49) peptide fragments (Where Hse is a homoserine 
residue produced by the reaction of CNBr With a Met 
residue). The peptide fragments may then be reacted With a 
nucleophile such as o-nitrophenylglycine amide 
(“ONPGA”) in the presence of a peptidase such as carboX 
ypeptidase Y resulting in the replacement of the Hse residue 
by ONPGA. Upon photolysis, the transpeptidation product 
is converted to a C-terminal carboXamide. The N-terminal 
tail sequence, ValAspAspAspAspAsn (SEQ ID NO:50), 
may be cleaved off the fragments by treatment With 
hydroXylamine. 

[0051] A preferred embodiment of the invention is 
directed to the preparation of the C-terminal eel calcitonin 
polypeptide fragment, ECF2-amide (SEQ ID NO:6). The 
preparation involves the initial genetic eXpression of the 
folloWing protein construct: 

[0052] Met-hCAII‘-Met24O-Val241-hCAII“-Linker 
ECF2-aa (“hCA-ECFZ-aa”) 

Pro-Arg-Thr-Asp-Val-Gly-Ala-Gly-Thr-Pro-Ala 

[0053] Where aa is an amino acid residue and Met is the 
required N-terminal residue of any E. coli protein. The Met 
residue is added to the N-terminus of the ?rst residue of 
hCAII‘ (a 239 amino acid N-terminal polypeptide segment 

hCAII ' —Met-Val-Asp-Asn-Trp-Arg-Pro-Ala-Gln-Pro-Leu-Lys 

Pro-Arg-Thr-Asp-Val-Gly-Ala-Gly-Thr-Pro-Ala 

of human carbonic anhydrase II), Met24O-Val241 is the only 
cyanogen bromide labile peptide bond in human carbonic 
anhydrase II (“CAII”); hCAII“ is a 16 amino acid fragment 
(SEQ ID NO:21) from near the C-terminal end of hCAII 
(residues 242-257). The C-terminal amino acid residue of 
ECF2-aa (SEQ ID NO:22), designated aa, provides an 
amidation signal to enable conversion to the Pro-amide that 
constitutes the C-terminus of Elcatonin (SEQ ID NO:13). 
The aa residue is typically an amino acid residue, such as 
alanine, Which is capable of being exchanged With a nucleo 
phile via a transamidation reaction. 

[0054] The desired product, ECF2-aa (SEQ ID NO:22), 
can be obtained from a hCA-ECF2-aa protein construct, in 
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at least tWo Ways. The ?rst employs a cleavage of hCA 
ECF2-aa at the Asn-Gly bond With hydroXylamine to yield 
ECF2-aa (SEQ ID NO:22) directly. Alternatively, cleavage 
With cyanogen bromide (CNBr) yields a minifusion protein 
Which includes the hCAII“ C-terminal fragment (SEQ ID 
NO:21) of hCAII linked to the ECF2-aa polypeptide (SEQ 
ID NO:22). The minifusion protein may subsequently be 
cleaved With hydroXylamine either before derivatiZation to 
provide ECF2-aa (SEQ ID NC:22) or, after derivatiZation of 
the minifusion protein side chain residues, e.g., Where the 
Lys residues of ECF2-aa (SEQ ID NO:22) have been 
derivatiZed to form Lys residues having Z-protected side 
chain amino groups. In the case Where derivatiZation 
reagents modify the side chain amino functions of Lys, then 
after cleavage of derivatiZed minifusion protein, the result 
ing protected ECF2-aa (SEQ ID NO:22) produced Will only 
possess a single free amino function at the alpha position of 
the N-terminal glycine residue. The free N-terminal a-amino 
group can be used for subsequent speci?c chemical reac 
tions, such as coupling to the C-terminal residue of ECFl 
(SEQ ID NO:7) to provide Elcatonin (SEQ ID NO:13). 
Coupling reactions of this type may be carried out after the 
ECF2-aa polypeptide (SEQ ID NO:22) has been converted 
to an ECF2 derivative having a C-terminal residue Pro 

amide (“ECF2-amide”; (SEQ ID NO:6)), or may be 
employed to produce derivatiZed forms of Elcatonin (e.g., 
“Elcatonin-aa”; (SEQ ID NO:30)) for subsequent conver 
sion to Elcatonin (SEQ ID NO:13). 

[0055] A preferred sequence of ECF2-aa is: 

("ECF2-Ala"; SEQ ID NO:23) 

[0056] The ECF2-Ala peptide fragment may be derived 
from cleavage of a hCA-ECF2-Ala protein construct, e.g., 
by treatment With hydroXylamine. The hCA-ECF2-Ala pro 
tein construct may include the sequence: 

(SEQ ID NO:12) 

[0057] Alternatively, the hCA-ECF2-Ala protein construct 
may be cleaved at a different bond to produce a pre-ECF2 

Ala peptide, i.e., a minifusion protein. For eXample, the 
hCA-ECF2-Ala protein construct may be cleaved to produce 

a pre-ECF2-Ala peptide Which includes a C-terminal frag 

ment of hCAII or a modi?ed version thereof linked to the 

N-terminus of ECF2-Ala (SEQ ID NO:23). In a preferred 
embodiment of the invention, the hCA-ECF2-Ala protein 

construct (SEQ ID NO:12) may be cleaved With cyanogen 

bromide (CNBr) to yield a minifusion protein (“MFP”) 
having the amino acid sequence: 
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Thr-Asp-Val-Gly-Ala-Gly-Thr-Pro-Ala 

[0058] The MFP includes the Val241-hCAII“ fragment 
from the C-terminal end of hCAII: 

[0059] Val-Asp-Asn-Trp-Arg-Pro-Ala-Gln-Pro-Leu 
Lys-Asn-Arg-Glu-Ile-Lys-Ala (SEQ ID NO:25) 

[0060] and a Linker sequence having the formula: 

[0061] Phe-Val-Asp-Asp-Asp-Asp-Asn (SEQ ID 
NO:14). 

[0062] The polypeptide segment hCAII‘-Met24O-Val241 
hCAII“ of human carbonic anhydrase II (hCAII) has been 
reported in Biochemistry, 9, 2638 (1970) and can be used as 
the binding protein segment for puri?cation of a carbonic 
anhydrase-EGF2-aa protein construct using procedures such 
as those described in (WO 92/01707). In accordance With 
WO 92/01707, carbonic anhydrase fragments or modi?ed 
carbonic anhydrases can also be used as the binding protein 
segment. 

[0063] The amino acid sequences for a number of other 
carbonic anhydrases have also been reported (see, e.g., 
HeWett-Emmett et al., in The Carbonic Anhydrases, Dodg 
son et al. eds., Chapt. 2, pp. 15-32 (1991)). If the amino acid 
sequence of a particular carbonic anhydrase is knoWn but no 
gene is available, a cDNA coding for the carbonic anhydrase 
may be isolated using procedures Well knoWn to those 
skilled in the art (see, e.g., Sambrook et al., Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Labo 
ratory, Cold Spring Harbor, NY. (1989), and Tanhauser et 
al., Gene, 117, 113-117 (1992)). This process typically 
includes constructing nucleic acids probes (e.g., about 20-30 
base pairs in length) coding for fragments of the carbonic 
anhydrase in question. Degenerate nucleotide probes based 
on the knoWn amino acid sequence or related DNA sequence 
can be used to screen a cDNA library (see, e.g., Wallace et 
al., Nucleic Acids Res., 6, 3543 (1979) and Wallace et al., 
Nucleic Acids Res., 9, 879 (1981)). 

[0064] In another embodiment of the invention, the target 
sequence may include an amino acid sequence in Which at 
least one of the C-terminal residues of a 10-32 fragment has 
been replaced by one or more amino acid residues (“leaving 
unit”). Ache C-terminal end of the target sequence may be 
modi?ed via a transpeptidation reaction, either before or 
after cleavage of the fusion protein to remove the carbonic 
anhydrase portion. The transpeptidation reaction typically 
results in the removal of the leaving unit from the C-terminal 
end of the target sequence and its replacement by the 
missing C-terminal residue (or residues) of the “10-32 
fragment.” For example, a recombinantly produced peptide 
having C-terminal leaving unit, such as eel(10-30)-Ala 
(amino acid residues 10-30 of eel calcitonin coupled to a 
C-terminal alanine), may be transpeptidated using S. aureus 
V8 to introduce a Thr-Pro-NH2 dieptide after residue Glu3O 
in place of the C-terminal Ala residue. 

[0065] In addition to being employed in the preparation of 
carba analogs of calcitonin, such as Elcatonin, the recom 
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(SEQ ID NO:24) . 

binantly synthesiZed 10-32 fragments of the present inven 
tion may be used in the synthesis of calcitonins. For 
example, a side chain protected derivative of ECF2-amide, 
e.g., Where Ser, Thr and Glu residues are protected as benZyl 
ethers or esters and Lys residues are protected by a CBZ 
group, may be coupled using a non-enZymatic coupling 
reagent With the cyclic oxidiZed form of residues 1-9 of eel 
calcitonin. Examples of suitable non-enZymatic coupling 
reagents Which may be used to carry out the coupling 
reaction include DCC, N-ethyl-N‘-dimethylaminopropyl 
carbodiimide (“EDAPC”), DCC/HOSu, DCC/HOBt and 
EDAPC/HOSu (see, e.g., US. Pat. No. 5,429,129, the 
disclosure of Which is herein incorporated by reference). 

[0066] 
[0067] 

I. Recombinant Formation of the Fusion Protein 

a. Vectors 

[0068] Expression vectors incorporating the fusion protein 
gene are chosen to be compatible With the host cell. The 
vectors used have many features in common. These features 
include an origin so replication compatible With the host 
cell, regulatory DNA sequences for transcription and regu 
lation of transcription (for inducible systems), an ef?cient 
ribosomal binding site (for prokaryotic hosts), a poly-A 
signal (for eukaryotic hosts). In addition, phenotype genes, 
regulatory regions and leader sequences may be included. 

[0069] Prokaryotic vectors such as those for expression in 
E. coli are characteriZed by an origin of replication, a genetic 
marker (phenotype) for selection of transformed bacteria, 
and DNA regulation sequences that Will direct the expres 
sion of the gene of interest. The regulation sequences 
typically Will include a promoter to drive the transcription, 
an operator to control transcription (on/off sWitch), an ef? 
cient ribosome binding site to start translation, and a tran 
scription termination signal. The start and stop codons are 
provided by the inserted (fusion protein) gene. 

[0070] Prokaryotic vectors in particular contain a suitable 
“expression cassette” Which is based upon any of a number 
of available promoter/operator systems. Typical promoters 
for inclusion in the prokaryotic vector include lactose, 
tryptophan, T7, lipoprotein, alkaline phosphatase, lambda 
leftWard or rightWard promoter or a combination of these 
(hybrid promoters). The lactose and tryptophan operators, as 
Well as temperature sensitive lambda promoters are typical 
on/off sWitches that can be included in the prokaryotic 
vector. Typical phenotypic markers for inclusion in the 
prokaryotic vector include genes for development of resis 
tance to ampicillin, tetracycline, kanamycin, and chloram 
phenicol. 

[0071] Eukaryotic vectors such as those for expression in 
the yeast, Saccharomyces cerevisiae, typically are shuttle 
vectors Which contain an origin of replication for E. coli and 
one for S. cerevisiae, a genetic marker for both cell types, 
and DNA regulation sequences that Will direct the expres 
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sion in yeast. The regulation sequences typically include a 
promoter, a regulatory sequence, and a transcription termi 
nation signal (including a polyadenylation signal). Optional 
signal sequences for direction of cellular secretion can also 
be inserted into the eukaryotic vector. Typical markers to be 
incorporated provide positive selection by complementation 
of mutations in the genes necessary for production of uracil, 
leucine, histidine, adenine, tryptophan and the like. Pro 
moter sequences Which preferably can be incorporated into 
the eukaryotic vector include alcohol dehydrogenase I or II, 
glyceraldehyde phosphate dehydrogenase, phosphoglycer 
okinase, galactose, tryptophan, mating factor alpha and the 
like. 

[0072] Depending on the nature of the vector selected, the 
ECF2-aa gene fragment can be expressed in a variety of 
organisms. Both vectors having a speci?c host range and 
vectors having a broad host range are suitable for use in the 
present invention. Examples of vectors having a speci?c 
host range, eg for E. coli, are pBR322 (Bolivar et al., Gene, 
2, 95-113, 1977), pUC18/19 (Yanisch Perron et al., Gene, 
33, 103-119, 1985), pK18/19 (Pridmore, Gene, 56, 309-312, 
1987), pRK290X (Alvarez-Morales et al., Nucleic Acids 
Res., 14, 4207-4227, 1986) and pRA95 (obtainable from 
Nycomed Pharm a AS, Huidove, Denmark). 

[0073] Other vectors that can be employed are “broad host 
range” vectors Which are suitable for use in Gram negative 
bacteria. Examples of such “broad host range” vectors are 
pRK290 (Ditta et al., Proc. Nat. Acad. Sci, 77, 7347-7351; 
1980), pKT240 (Bagdasarian et al., Gene, 26, 273-282, 
1983), derivatives of pRK290, such as pLAFR1 (Long et al., 
Nature, 289, 485-488, 1982), derivatives of pKT240, such as 
pMMB66EH (Furste et al., Gene, 48, 119-131, (1986)) or 
pGSS33 (Sharpe, Gene, 29, 93-102, (1984)). 

[0074] b. Construction of Plasmid pTBN 

[0075] An expression vector, pET31F1mhCAII, contain 
ing the hCAII gene Was obtained from Dr. P. J. Laipis at the 
University of Florida. The ampicillin resistant, T7 expres 
sion vector Was constructed by the method described in 
Tanhauser et al., Gene, 117, 113-117 (1992) from the plas 
mid pET-3c (Studier et al., Methods Enzymol, 185, 60-89 
(1990)). The T7 expression cassette from the pET-3c vector 
Was transferred to a truncated pSP65 plasmid. To enable the 
production of single stranded plasmid DNA, the F1 origin 
from pEMBL8+ (Dente et al., Nucleic Acids Res., 11, 
1645-1655 (1983)) Was ligated into the Bgl II restriction site 
of the positive clones. The resulting plasmid Was designated 
pET31F1m, Where F1m indicates that the F1 origin has the 
opposite orientation of the pSP65 origin of replication. 
Finally, human carbonic anhydrase II cDNA (hCAII cDNA) 
Was cloned into the pET31F1m plasmid betWeen the Nde: 
and BamH I sites to give a plasmid designated as 
pET31F1mhCAII (see FIG. 1). 

[0076] The Linker region of the plasmid Was created by 
?rst synthesiZing tWo complementary oligonucleotides at 
the DNA Synthesis Core Facility of the Interdisciplinary 
Center for Biotechnology at the University of Florida: 

[0077] 5‘ A GCT TTC GTT GAC GAC GAC GAT 
ATC TT 3‘ (SEQ ID NO:26) 

[0078] 5‘ AGC TAA GATATC GTC GCO GTO AAC 
GAA 3‘ (SEQ ID NO:27) 
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[0079] The oligonucleotides Were phosphorylated, 
annealed and ligated into the Hind III site near the carboxy 
terminal end of the gene sequence of hCAII. Plasmids 
containing the insert have a unique EcoR V site immediately 
folloWing the fourth aspartic acid residue in the polypeptide 
fragment, Linker (SEQ ID NO:14). The resulting plasmid is 
referred to as pABN (see FIG. 2). 

[0080] The plasmids pABN and pBR322 (Bolivar et al. 
Gene, 2, 95-113 (1977) Were used to construct a tetracycline 
resistant expression vector to be used for the production of 
ECF2-aa (SEQ ID NO:27), e.g., Where aa is Ala. The 1.5-kb 
Ssp I/BspE I fragment from pABN Was inserted into the ScaI 
site of pBR322 resulting in pTBN (see FIG. 3). 

[0081] C. Host Strains and Transformation 

[0082] Procedures for methods to restrict, ligate, trans 
form, select, culture, and lyse according to the invention, 
generally folloW standard methods knoWn in the art. Litera 
ture providing the details for these methods include, Sam 
brook et al., Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY. (1989), 
the disclosure of Which is incorporated herein by reference. 

[0083] In order to prepare the production strains for the 
fermentation, the DNA fragment encoding hCA-ECF2-aa is 
introduced into a host strain suitable for the expression of an 
hCA-ECF2 fusion protein. Examples of microorganisms 
Which are suitable for expressing this gene typically include 
strains possessing a high tolerance of substrate and starting 
material, are enterobacteria, such as from the genus Escheri 
chia. Microorganisms of the species E. coli are particularly 
preferred. The microorganisms can contain the hCA-ECF2 
aa DNA fragment either on a vector molecule or integrated 
in their chromosomes. The selected microorganisms are 
transformed using methods Well knoWn to those skilled in 
the art (see, eg Sambrook et al., cited supra) With a vector 
containing the hCA-ECF2-aa DNA fragments. Examples of 
suitable production strains are E. coli JM109 (DE3) and E. 
coli BL21 (DE3), in each case containing a plasmid encod 
ing the fusion protein, e.g., pTBN26. 

[0084] The eukaryotic cells may include unicellular organ 
isms, such as yeast cells, as Well as immortal cells from 
higher organisms, such as plant, insect or mammalian cells. 
Suitable eukaryotic host cells include Sacoharomyces cer 
evisiae, Pichia pastoris, Aspergillus niger; Spodoptera 
frupiperda, and corn, tobacco or soybean plant cells. The 
higher organisms useful as hosts include higher order plants 
and animals having germ cells that are amenable to trans 
formation. Included are plants such as tobacco, corn, soy 
bean and fruit bearing plants, and invertebrate and vertebrate 
animals such as ?sh, birds and mammals, such as sheep, 
goats, coWs, horses and pigs. 

[0085] The transformed host strains are typically isolated 
from a selective nutrient medium to Which an antibiotic has 
been added against Which the host strains are resistant due 
to a marker gene located on the vector. 

[0086] d. Fermentation 

[0087] The recombinant preparation of the hCA-ECF2-aa 
fusion protein is carried out using the microorganisms Which 
contain the hCA~ECF2-aa DNA fragment and/or the vector 
plasmids (containing hCA~ECF2-aa fragment). The process 
may be carried out by methods Which are knoWn per se, for 




























































