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HYBRD IMMUNOGLOBULINS WITH 
MOVING PARTS 

0001. This application claims benefit of U.S. Provisional 
Application No. 60/856,864, filed Nov. 2, 2006, the contents 
of which are hereby incorporated by reference into this appli 
cation. 
0002 Throughout this application, various publications 
are referenced. The disclosures of these publications in their 
entireties are hereby incorporated by reference into this appli 
cation in order to more fully describe the state of the art as 
known to those skilled therein as of the date of the invention 
described and claimed herein. 

BACKGROUND OF THE INVENTION 

0003 All machines and devices have moving parts. The 
function of the moving parts is to perform work, by trans 
forming a source of energy, in order to carry out a useful task. 
Moving parts cover a spectrum of sizes and shapes. At one 
end of the spectrum is a visible world evident in machines that 
perform mechanical tasks. At the other end of the spectrum is 
an invisible world of charge carriers utilized by devices that 
carry out electrical work. 
0004. This spectrum is so vast that certain of its regions 
have only begun to be technologically exploited. Among 
these are devices with moving parts of several nano-meters to 
several hundred nano-meters. This size range holds consid 
erable interest to many scientists and engineers because it is 
comparable to the very size of molecules, the fundamental 
units of chemical matter. Nano-machines have the potential to 
exploit the unique properties of molecules, such as intermo 
lecular binding or catalysis. 
0005. The ability to make molecules of any imaginable 
size and shape is one activity crucial in building nano-ma 
chines. As such it has been widely anticipated in medicine, 
electronics, optics, and many other fields. Tremendous com 
mercial activity has been focused on the synthesis very large 
numbers of chemically distinct molecules. However, molecu 
lar configuration (differences in bonding) is just one practical 
means of generating diversity. Molecular conformation (dif 
ferences in bond rotation) offers another important avenue for 
generating a universe of continuous size and shape. 
0006 Molecular conformation has certain unique advan 
tages in strategies for creating molecules with moving parts. 
While atoms and chemical bonds have precise linear and 
angular dimensions, conformational change can provide lim 
itless variation in the size and shape of molecules. Covalent 
and non-covalent chemical bonds both afford rotational 
degrees of freedom. Dihedral rotation around each of a series 
of bonds connecting distinct parts (domains) of a molecule is 
capable of providing the essential dynamic ingredient of 
nano-machines. 
0007. In general, any two given atoms interconnected by a 
single bond (i.e., a single electron pair) can rotate fully 360 
degrees with respect to each other and with respect to the 
other atoms that each is bonded to. A series of consecutive 
single bonds is like a series of interconnected ball joints. 
Although limited to rotary motions, a series of consecutive 
single bonds, like a series of consecutive ball joints, can 
recapitulate the movement of other types of interconnected 
moving parts (e.g., a series of consecutive hinges). 
0008. One challenging aspect of creating useful nano-ma 
chines is striking a balance in the number of moving parts and 
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the number of interconnections. Above a certain threshold, 
increasing the number of parts or connections in any machine 
is counterproductive. Thus automobile engines employ an 
optimal number of pistons, valves, camshafts, pulleys, and so 
forth. 

0009. The analogous challenge in the chemical field is 
illustrated by two related, but very different types of mol 
ecules, namely organic and biological polymers. A good 
comparison is provided by polyethylene and proteins. Poly 
ethylenes are stretches of consecutive ethylenes, (CH), 
interconnected by consecutive single bonds ( C ), while 
proteins are stretches of consecutive amino acids, (NHCHR 
CO), interconnected by consecutive peptide bonds (—N— 
C C=). Unbranched polyethylenes are repeating chains of 
single bonds, while proteins are repeating chains of one 
double bond followed by two single bonds. The most impor 
tant difference between these two types of chains is that 
polyethylene can adopt almost any conformation and thus has 
no definite size or shape (only a statistically averaged one), 
while proteins are extremely rigid and thus have very definite 
(and unchanging) size and shape. 
0010. A simple but reasonable comparison to a mechani 
cal device would represent polyethylene as a machine with a 
high ratio of moving parts to connections, and a protein as a 
machine with an low ratio of moving parts to connections. 
Neither molecule is very suited to a machine-like task unless 
one takes advantage of higher order structures that each can 
form. For example, polyethylene is useful when its ability to 
form intermolecular fibers is exploited. Interesting, the ability 
of polyethylene to display Such tertiary structure depends 
upon its inherent flexibility. Although some proteins can form 
fibers of commercial value (e.g., silk, wool and collagen), 
most proteins are globular and do not. 
0011 Globular proteins are, for nearly all practical pur 
poses, machines with few if any moving parts, like a crowbar 
that must exert its leverage in combination with other objects, 
Such as the human that wields it and the objects against which 
it is wedged. Notwithstanding, there are many instances in 
which there would be great value to protein-like molecules 
having distinct regions (e.g., binding domains) that are joined 
together in Some manner permitting relative, yet coordinated 
movement. One example would be protein-like molecules 
capable of cooperatively binding a disease target having two 
or more identical binding sites. This would take full advan 
tage of the unique properties of globular protein binding 
domains, namely their great specificity for targets, particu 
larly other proteins associated with disease. 
0012. The potential commercial value of protein-like mol 
ecules that are able to cooperatively bind a disease target may 
be estimated quantitatively. A starting assumption is that most 
therapeutics in current use, whether Small molecules or biop 
harmaceuticals, typically bind their targets non-cooperatively 
with affinity constants on the order of nano-molar (10M). 
Remarkably, a cooperative therapeutic could conceivably 
bind the same target, with an affinity of nano-molarxnano 
molar (10 Mx10M) i.e., atto-molar (10M). 
0013 Because therapeutics are typically required in great 
molar excess over their targets (about one million-fold), a 
cooperative therapeutic would thus be equivalent to a non 
cooperative therapeutic at a 10 smaller dose. For many 
current biopharmaceuticals (e.g. antibodies and immunoad 
hesins) this difference amounts to 1 microgram per single 
dose instead of 1 gram per single dose. With patient costs 
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exceeding S1,000 per gram, this factor has great significance 
in new drug discovery and development as well as for existing 
biopharmaceuticals. 
0014. One irony associated with antibodies and immu 
noadhesins is that while they are symmetric proteins having 
two identical binding domains, they do not generally bind 
symmetrically to symmetric targets. The inflexible connec 
tions between the two binding domains do not provide the 
machine-like motion that would permit cooperative binding. 
Numerous attempts to engineer antibodies and immunoad 
hesins that bind symmetrically have failed because of the 
difficulty in achieving the precise geometry needed for 
complementary symmetries between the binding sites and 
target sites. Unlike materials used to make conventional 
machines, such as wood, metals, plastics, ceramics, and the 
like, molecules cannot simply be cut, wrought, cast, 
machined or joined to an exact size and shape. 
0015 While cooperative binding is thus not readily 
achieved with any single fixed size and shape, conformational 
flexibility between binding domains does provides a potential 
solution. A “one size fits all strategy is based upon the 
proposition that a protein-like molecule with binding 
domains that move symmetrically will also be capable of 
binding symmetrically (i.e., cooperativity) The binding 
domains are driven thermodynamically into a conformation 
most compatible with simultaneous binding of both target 
sites because it represents the energetically favored confor 
mational minima. 

SUMMARY OF THE INVENTION 

0016. In an embodiment this invention provides a com 
pound comprising a first stretch of consecutive amino acids, 
each of which is joined to the preceding amino acid by a 
peptide bond and the sequence of which comprises a binding 
site for a target; and a second stretch of consecutive amino 
acids, each of which is joined to the preceding amino acid by 
a peptide bond and the sequence of which is identical to the 
sequence of the first stretch of consecutive amino acids and 
which comprises an identical binding site for the target; 
wherein each of the first stretch of amino acids and the second 
stretch of amino acids has at a predefined end thereof a cys 
teine residue or a selenocysteine residue and Such cysteine 
residues or Such selenocysteine residues are joined by a bond 
having the structure: 

X C N1^n-1 N. 

wherein each X is the same and represents a sulfur (S) or a 
selenium (Se) and each C represents a beta-carbon of one of 
Such cysteine or selenocysteine residues. 
0017. In an embodiment this invention also provides a 
compound comprising a first stretch of consecutive amino 
acids, each of which is joined to the preceding amino acid by 
a peptide bond and the sequence of which comprises a bind 
ing site for a target; and a second stretch of consecutive amino 
acids, each of which is joined to the preceding amino acid by 
a peptide bond and the sequence of which is different from the 
sequence of the first stretch of consecutive amino acids and 
which comprises a binding site for a different moiety; 
wherein each of the first stretch of amino acids and the second 
stretch of amino acids has at a predefined end thereof a cys 
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teine residue or a selenocysteine residue and Such residues are 
joined by a bond having the structure: 

X C N1 *n-1N 

wherein each X may be the same or different and represents a 
sulfur (S) or a selenium (Se) and each C represents a beta 
carbon of one of Such cysteine or selenocysteine residues. 
0018 Genetic devices disclosed herein comprise two or 
more stretches of consecutive amino acids that are connected 
at a predefined terminus by a non-peptide bond. Such genetic 
devices are both symmetric and symmetrically binding with 
respect to one or more important targets (i.e., cooperative). 
The genetic devices herein are protein-like molecules may be 
described by a number of related terms that include sym 
metroadhesins, immuno-symmetroadhesins, hemi-sym 
metroadhesins, and bi-symmetroadhesins meaning 'stick to 
proportionately, from the Gk. Symmetros "having a common 
measure, even, proportionate and the L. adhaerenten, prp. 
of adhaerere “stick to”. 
0019 Disclosed herein is a compound comprising two or 
more independently-folding protein domains linked to one 
another through one or more non-peptide bonds, around 
which bond(s) dihedral rotation may occur. 

BRIEF DESCRIPTION OF THE FIGURES 

0020 FIG. 1: Stretches of consecutive amino acids, with 
one X-terminus, depicting positions of N-, C-, S-, and Se 
termini. N-terminal and C-terminal amino acid residues, 
drawn as a Newman-style projection, are shown above and 
below the projection plane, respectively: (i) A stretch of con 
secutive amino acids (generalized structure), having, an 
N-terminal amino acid residue (sidechain-R1) having a free 
C.-amino (NH) group, and a C-terminal amino acid residue 
(sidechain-Rn) having a free C-carboxyl (COOH) group. (ii) 
A stretch of consecutive amino acids, with N-terminal S-ter 
minus, having, an N-terminal cysteine having free C-amino 
(NH) and 3-sulfhydryl (SH) groups, and a C-terminal amino 
acid residue having a free C-carboxyl (COOH) group. (iii) A 
stretch of consecutive amino acids, with C-terminal S-termi 
nus, having, an N-terminal amino acid residue having a free 
C.-amino (NH) group, and a C-terminal cysteine having free 
C-carboxyl (COOH) and B-sulfhydryl (SH) groups. (iv) A 
stretch of consecutive amino acids, with N-terminal Se-ter 
minus, having, an N-terminal selenocysteine having free 
C.-amino (NH) and f-selenohydryl (SeH) groups, and a 
C-terminal amino acid residue having a free C-carboxyl 
(COOH) group. (v) A stretch of consecutive amino acids, 
with C-terminal Se-terminus, having, a N-terminal amino 
acid residue having a free C-amino (NH) group, and a C-ter 
minal selenocysteine having free C-carboxyl (COOH) and 
B-selenohydryl (SeH) groups. 
0021 FIG. 2: Stretches of consecutive amino acids, with 
two X-termini, depicting positions of N-, C-, S-, and Se 
termini. N-terminal and C-terminal amino acid residues, 
drawn as a Newman-style projection, are shown above and 
below the projection plane, respectively. (i) A stretch of con 
secutive amino acids, with two X-termini (generalized struc 
ture), having, an N-terminal amino acid residue 
(sidechain X1) having a free C-amino (NH) group, and a 
C-terminal amino acid residue (sidechain Xin) having a free 
C-carboxyl (COOH) group. (ii) A stretch of consecutive 
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amino acids, with N-terminal S-terminus and C-terminal 
S-terminus, having, an N-terminal cysteine having free 
C.-amino (NH) and B-sulfhydryl (SH) groups, and a C-ter 
minal cysteine having free C-carboxyl (COOH) and B-sulf 
hydryl (SH) groups. (iii) A stretch of consecutive amino 
acids, with N-terminal S-terminus and C-terminal Se-termi 
nus, having, an N-terminal cysteine having free C-amino 
(NH) and B-sulfhydryl (SH) groups, and a C-terminal sele 
nocysteine having free C-carboxyl (COOH) and B-selenohy 
dryl (SeH) groups. (iv) A stretch of consecutive amino acids, 
with N-terminal Se-terminus and C-terminal S-terminus, 
having, an N-terminal selenocysteine having free C-amino 
(NH) and B-selenohydryl (SeH) groups, and a C-terminal 
cysteine having free C-carboxyl (COOH) and B-sulfhydryl 
(SH) groups. (V) A stretch of consecutive amino acids, with 
N-terminal Se-terminus and C-terminal Se-terminus, having, 
an N-terminal selenocysteine having free C-amino (NH) and 
B-selenohydryl (SeH) groups, and a C-terminal selenocys 
teine having free C-carboxyl (COOH) and 3-selenohydryl 
(SeH) groups. 
0022 FIG. 3: General structure of a chimeric polypeptide 
consisting of a first stretch of consecutive amino acids joined 
at its C-terminus by a peptide bond to the N-terminus of a 
second stretch of consecutive amino acids. Chimeric 
polypeptides, like proteins found in nature, are continuous 
stretches of consecutive amino acids, each of which is joined 
to the preceding amino acid by a peptide bond. Like other 
proteins, chimeric polypeptides have limited conformational 
flexibility because the peptide bond by itself provides no 
more than two consecutive single bonds capable of dihedral 
rotation along the polypeptide chain. Amino acid residues in 
the figure are numbered as follows: The first stretch of con 
secutive amino acids has length in residues, and number 
ing 1, 2, 3, . . . . (n-2), (n-1), n. The second stretch of 
consecutive amino acids has length p residues, and number 
ing 1', 2',3', ..., (p-a2), (p-a1), p. The chimeric polypeptide 
has length (n+p) residues, and numbering 1,2,3,..., (n-2), 
(n-1), n, (n+1), (n+2), (n+3), (n+p-2), (n+p-1), (n+p). The 
major and minor tautomeric forms and the resonance struc 
ture are shown on the left, center and right, respectively. 
0023 FIG. 4A: General structure of a “symmetroadhesin' 
with ahead-to-tail configuration consisting of a first stretch of 
consecutive amino acids joined at its C-terminal-X-terminus 
by an-X-X-bond to the N-terminal-X-terminus of a second 
stretch of consecutive amino acids. The -X-X-bond is not a 
peptide bond. Non-limiting examples of the bonds envisaged 
here include any combination wherein each X is a S or a Se 
atom. The overall polarity of head-to-tail symmetroadhesins 
is N- to C-terminal. Symmetroadhesins, like proteins, are 
stretches of consecutive amino acids each of which is joined 
to the preceding amino acid, but differ from proteins by 
substituting one or more -X-X- bonds for peptide bonds. 
Symmetroadhesins have greater conformational flexibility 
than polypeptides because each -X-X-bond provides seven 
adjacent single bonds capable of dihedral rotation. Amino 
acid residues are numbered as follows: The first stretch of 
consecutive amino acids has length in residues, and number 
ing 1, 2, 3, . . . . (n-2), (n-1), n. The second stretch of 
consecutive amino acids has length p residues, and number 
ing 1', 2',3', (p-a2), (p-al), p. The head-to-tail symmetroad 
hesin has length (n+p) residues, and numbering 1, 2, 3,... 
, (n-2), (n-1), n, (n+1), (n+2), (n+3),..., (n+p-2), (n+p-1), 
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(n+p). The major and minor tautomeric forms and the reso 
nance structure are shown on the left, center and right, respec 
tively. 
(0024 FIG. 4B: The symmetroadhesin of FIG. 4A (left) 
compared with a symmetroadhesin (right) consisting of a first 
stretch of consecutive amino acids joined at the X-terminus of 
its penultimate C-terminal residue by an -X-X-bond to the 
X-terminus of the penultimate N-terminal residue of a second 
stretch of consecutive amino acids. Resonance structures are 
shown for each. 
(0025 FIG. 4C: The symmetroadhesin of FIG. 4A (left) 
compared with a symmetroadhesin (right) consisting of a first 
stretch of consecutive amino acids joined at the X-terminus of 
its antepenultimate C-terminal residue by an-X-X-bond to 
the X-terminus of the antepenultimate N-terminal residue of 
a second stretch of consecutive amino acids. Resonance 
structures are shown for each. 
(0026 FIG. 4D: The symmetroadhesin of FIG. 4A (left) 
compared with a symmetroadhesin (right) consisting of a first 
stretch of consecutive amino acids joined at the X-terminus of 
its preantepenultimate C-terminal residue by an-X-X-bond 
to the X-terminus of the preantepenultimate N-terminal resi 
due of a second stretch of consecutive amino acids. Reso 
nance structures are shown for each. 
0027 FIG. 5: General structure of a symmetroadhesin 
with a head-to-head configuration consisting of a first stretch 
of consecutive amino acids, joined at its N-terminal-X-termi 
nus by an -X-X- bond to the N-terminal-X-terminus of a 
second stretch of consecutive amino acids. The overall polar 
ity of head-to-head symmetroadhesins changes at the position 
of the -X-X- bond, going from C- to N-terminal to N- to 
C-terminal. Amino acid residues are numbered as follows: 
The first stretch of consecutive amino acids has length in 
residues, and numbering 1, 2, 3, . . . . (n-2), (n-1), n. The 
second stretch of consecutive amino acids has length p resi 
dues, and numbering 1', 2',3', (p-a2), (p-al), p. The head 
to-head symmetroadhesin has length (n+p) residues, and 
numbering in, (n-1), (n-2). . . . , 3, 2, 1 (inversion), 1', 2',3', 
... (p-a2), (p-al), p. The major and minor tautomeric forms 
and the resonance structure are shown on the left, center and 
right, respectively. 
0028 FIG. 6: General structure of a symmetroadhesin 
with a tail-to-tail configuration consisting of a first stretch of 
consecutive amino acids joined at its C-terminal-X-terminus 
by an-X-X-bond to the C-terminal-X-terminus of a second 
stretch of consecutive amino acids. The overall polarity of 
tail-to-tail symmetroadhesins changes at the position of the 
-X-X-bond, going from N- to C-terminal to C- to N-terminal. 
Amino acid residues are numbered as follows: The first 
stretch of consecutive amino acids has length in residues, and 
numbering 1,2,3,..., (n-2), (n-1), n. The second stretch of 
consecutive amino acids has length p residues, and number 
ing 1', 2',3', (p-a2), (p-al), p. The tail-to-tail symmetroad 
hesin has length n+p residues, and numbering 1, 2, 3,..., 
(n-2), (n-1), n, (inversion), p. (p-al), (p-a2). . . . , 3', 2', 1'. 
The major and minor tautomeric forms and the resonance 
structure are shown on the left, center and right, respectively. 
0029 FIG. 7: A schematic representation of a head-to-tail 
hemi-symmetroadhesin showing the all-trans conformation. 
All of the seven consecutive single bonds joining the C-ter 
minal-X-terminus with the N-terminal-X-terminus are trans 
(N C C X X C C C). The two binding domains 
are pointed away from one another in this conformation; a 
rotation of 180 degrees around any one of the seven consecu 
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tive single bonds will point the two binding domains towards 
one another. Hemi-symmetroadhesins with the head-to-tail 
configuration are asymmetric molecules regardless of confor 
mation (compare FIGS. 7 and 8); however, two or more 
head-to-tail hemi-symmetroadhesins can together form a 
symmetric molecule. 
0030 FIG. 8: A schematic representation of a head-to-tail 
hemi-symmetroadhesin showing the X-cis-X conformation. 
All but one of seven consecutive single bonds joining the 
C-terminal-X-terminus with the N-terminal-X-terminus are 
trans (N C C X-cis-X C C C). The two binding 
domains are pointed towards one another in this conforma 
tion; further rotations of 180 degrees around any one of the 
seven consecutive single bonds will point the two binding 
domains away from one another. Hemi-symmetroadhesins 
with the head-to-tail configuration are asymmetric molecules 
regardless of conformation (compare FIGS. 7 and 8); how 
ever, two or more head-to-tail hemi-symmetroadhesins can 
together form a symmetric molecule. 
0031 FIG. 9: A schematic representation of a head-to 
head hemi-symmetroadhesin showing the all-trans confor 
mation. All of the seven consecutive single bonds joining the 
1 N-terminal-X-terminus and 2" N-terminal-X-terminus 
are trans (C C C X X-C C C). The two binding 
domains are pointed away from one another in this confor 
mation; a rotation of 180 degrees around any one of the seven 
consecutive single bonds will point the two binding domains 
towards one another. Hemi-symmetroadhesins with the head 
to-head configuration are symmetric molecules in only two of 
their possible conformations: the all-trans and the X-cis-X 
(compare FIGS. 9 and 10); however, two or more head-to 
head hemi-symmetroadhesins subunits can form a molecule 
that has an unlimited number of symmetric conformations. 
0032 FIG. 10: A schematic representation of a head-to 
head hemi-symmetroadhesin showing the X-cis-X conforma 
tion. All but one of the seven consecutive single bonds joining 
the 1 N-terminal-X-terminus and 2" N-terminal-X-termi 
nus are trans (C C C X-cis-X C C C). The two 
binding domains are pointed towards one another in this 
conformation; further rotations of 180 degrees around any 
one of the seven consecutive single bonds will point the two 
binding domains away from one another. Hemi-symmetroad 
hesins with the head-to-head configuration are symmetric 
molecules in only two of their possible conformations: the 
all-trans and the X-cis-X (compare FIGS.9 and 10); however, 
two or more head-to-head hemi-symmetroadhesins subunits 
can form a molecule that has an unlimited number of sym 
metric conformations. 

0033 FIG. 11: A schematic representation of a tail-to-tail 
hemi-symmetroadhesin showing the all-trans conformation. 
All of the seven consecutive single bonds joining the 1 
C-terminal-X-terminus and 2" C-terminal-X-terminus are 
trans (N C C X X—C C N). The two binding 
domains are pointed away from one another in this confor 
mation; a rotation of 180 degrees around any one of the seven 
consecutive single bonds will point the two binding domains 
towards one another. Hemi-symmetroadhesins with the tail 
to-tail configuration are symmetric molecules in only two of 
their possible conformations: the all-trans and the X-cis-X 
(compare FIGS. 11 and 12); however, two or more tail-to-tail 
hemi-symmetroadhesins subunits can form a molecule that 
has an unlimited number of symmetric conformations. 
0034 FIG. 12: A schematic representation of a tail-to-tail 
hemi-symmetroadhesin showing the X-cis-X conformation. 
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All but one of the seven consecutive single bonds joining the 
1 C-terminal-X-terminus and 2" C-terminal-X-terminus 
are trans (N C C X-cis-X—C C N). The two bind 
ing domains are pointed towards one another in this confor 
mation; further rotations of 180 degrees around any one of the 
seven consecutive single bonds will point the two binding 
domains away from one another. Hemi-symmetroadhesins 
with the tail-to-tail configuration are symmetric molecules in 
only two of their possible conformations: the all-trans and the 
X-cis-X (compare FIGS. 9 and 10); however, two or more 
tail-to-tail hemi-symmetroadhesins subunits can form a mol 
ecule that has an unlimited number of symmetric conforma 
tions. 

0035 FIG. 13: A schematic representation of a tail-to-tail 
hemi-symmetroadhesin consisting of two immunoglobulin 
Fab binding domains. The all-trans conformation is shown 
here. All of the seven consecutive single bonds joining the 1 
C-terminal-X-terminus and 2" C-terminal-X-terminus are 
trans (N C C X X—C C N). The two Fab binding 
domains are pointed away from one another in this confor 
mation; a rotation of 180 degrees around any one of the seven 
consecutive single bonds will point the Fab binding domains 
towards one another (compare FIGS. 13 and 14). The heavy 
chain regions are joined together by the X-Xbond; the light 
chain regions are joined to the heavy chain regions by internal 
disulfide bonds. Abbreviations: VL, light chain variable 
region: CL, light chain constant region; VH, heavy chain 
variable region; CH1, heavy chain constant region 1. 
0036 FIG. 14: A schematic representation of a tail-to-tail 
hemi-symmetroadhesin consisting of two immunoglobulin 
Fab binding domains. The X-cis-X conformation is shown 
here. All but one of seven consecutive single bonds joining the 
1 C-terminal-X-terminus and 2" C-terminal-X-terminus 
are trans (N C C X-cis-X C C N). The two Fab 
binding domains are pointed towards one another in this 
conformation; further rotation of 180 degrees around any one 
of the seven consecutive single bonds will point the Fab 
binding domains away from one another (compare FIGS. 13 
and 14). The heavy chain regions are joined together by the 
X-X bond; the light chain regions are joined to the heavy 
chain regions by internal disulfide bonds. Abbreviations: VL, 
light chain variable region; CL, light chain constant region; 
VH, heavy chain variable region; CH1, heavy chain constant 
region 1. 
0037 FIG. 15: Schematic representation of the immu 
noadhesin molecule (Capon et al. (1989) Nature 337, 525 
530). Immunoadhesins are chimeric polypeptides that form 
disulfide-linked dimers. Each chimeric polypeptide consists 
of a binding domain joined at its C-terminus by a peptide 
bond to the N-terminus of an immunoglobulin Fc domain. 
Although immunoadhesins are structurally symmetric, they 
do not generally bind cooperatively to dimeric or multimeric 
target molecules. Abbreviations: CH2, heavy chain constant 
region 2; CH3, heavy chain constant region 3. 
0038 FIG. 16: Schematic representation of the immuno 
globulin (antibody) molecule. Immunoglobulins are het 
erotetramers consisting of two heavy chains and two light 
chains. Although immunoglobulins are structurally symmet 
ric, they do not generally bind cooperatively to dimeric or 
multimeric target molecules. Abbreviations: VL, light chain 
variable region: CL, light chain constant region; VH, heavy 
chain variable region; CH1, heavy chain constant region 1: 
CH2, heavy chain constant region 2; CH3, heavy chain con 
stant region 3. 
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0039 FIG. 17: A schematic representation of a head-to 
tail immunosymmetroadhesin showing the all-trans confor 
mation. Head-to-tail immunosymmetroadhesins are head-to 
tail hemi-symmetroadhesins that form disulfide-linked 
dimers. Each hemi-symmetroadhesin consists of an immuno 
globulin Fab binding domain having a C-terminal-X-termi 
nus joined by an-X-X-bond to a immunoglobulin Fc subunit 
having an N-terminal-X-terminus. The dimer contains two 
functional Fab binding domains and one functional Fc bind 
ing domain. The seven consecutive single bonds which join 
each Fab domain to an Fc subunit are all trans (N C C 
X—X C C C). Symmetric rotations of 180 degrees 
around the first (N C), third (C X), fifth (X—C), or sev 
enth (C–C) pairs of consecutive single bonds will move the 
two Fab domains in a first general direction (compare FIGS. 
17 and 18). Symmetric rotations of 180 degrees around the 
second (C C), fourth (X—X), or sixth (C–C) single bond 
pairs will move the two Fab domains in a second general 
direction (compare FIGS. 17 and 19). 
0040 FIG. 18: A schematic representation of a head-to 

tail immunosymmetroadhesin showing the X-cis-C confor 
mation. The X-cis-C conformation is obtained from the all 
trans conformation by the symmetric rotation of the fifth pair 
of seven consecutive single bonds (N-C-C-X-X-cis 
C C C) (compare FIGS. 17 and 18). Other conformations 
that are similar to the X-cis-C conformation shown here are 
obtained from the all-trans conformation following the sym 
metric rotation of the first (N-cis-C C X—X—C C 
C), the third (N C C-cis-X X-C C C), or the sev 
enth pairs (N C C X—X—C C-cis-C) of consecutive 
single bonds. 
0041 FIG. 19: A schematic representation of a head-to 

tail immunosymmetroadhesin showing the X-cis-X confor 
mation. The X-cis-X conformation is obtained from the all 
trans conformation by the symmetric rotation of the fourth 
pair of seven consecutive single bonds (N-C-C-X-cis 
X—C C C) (compare FIGS. 17 and 19). Other conforma 
tions that are similar to the X-cis-X conformation shown here 
are obtained from the all-trans conformation following the 
symmetric rotation of the second (N C-cis-C X X—C- 
C C), or the sixth pairs (N C-C X—X C-cis-C C) of 
consecutive single bonds. 
0042 FIG. 20: A schematic representation of a tail-to-tail 
immunosymmetroadhesin showing the all-trans conforma 
tion. Tail-to-tail immunosymmetroadhesins are tail-to-tail 
hemi-symmetroadhesins that form disulfide-linked dimers. 
Each hemi-symmetroadhesin consists of an immunoglobulin 
Fab binding domain having a C-terminal-X-terminus joined 
by an X-Xbond to an immunoglobulin Fc Subunit having a 
C-terminal-X-terminus. The dimer contains two functional 
Fab binding domains and one functional Fc binding domain. 
The seven consecutive single bonds which join each Fab 
domain to an Fc subunit are all trans (N C C X—X— 
C—C N). Symmetric rotations of 180 degrees around the 
first (N-C), third (C X), fifth (X-C), or seventh (C N) 
pairs of consecutive single bonds will move the two Fab 
domains in a first general direction (compare FIGS. 20 and 
21). Symmetric rotations of 180 degrees around the second 
(C-C), fourth (X—X), or sixth (C-C) single bond pairs 
will move the two Fab domains in a second general direction 
(compare FIGS. 20 and 22). 
0043 FIG. 21: A schematic representation of a tail-to-tail 
immunosymmetroadhesin showing the X-cis-C conforma 
tion. The X-cis-C conformation is obtained from the all-trans 
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conformation by the symmetric rotation of the fifth pair of 
seven consecutive single bonds (N-C-C-X-X-cis-C- 
C N) (compare FIGS. 20 and 21). Other conformations that 
are similar to the X-cis-C conformation shown here are 
obtained from the all-trans conformation following the sym 
metric rotation of the first (N-cis-C C X—X C–C– 
N), the third (N C C-cis-X X-C C N), or the sev 
enth pairs (N C C X—X-C C-cis-N) of consecutive 
single bonds. 
0044 FIG. 22: A schematic representation of a tail-to-tail 
immunosymmetroadhesin showing the X-cis-X conforma 
tion. The X-cis-X conformation is obtained from the all-trans 
conformation by the symmetric rotation of the fourth pair of 
seven consecutive single bonds (N-C-C-X-cis-X—C- 
C N) (compare FIGS. 20 and 22). Other conformations that 
are similar to the X-cis-X conformation shown here are 
obtained from the all-trans conformation following the sym 
metric rotation of the second (N C-cis-C X X—C— 
C N), or the sixth pairs (N C C X X—C-cis-C N) 
of consecutive single bonds. 
0045 FIG. 23: Schematic representation of bi-sym 
metroadhesin with four Fab binding domains, showing the 
all-trans conformation. The molecule is a dimer of two hemi 
symmetroadhesins each consisting of three stretches of con 
secutive amino acids. The bi-symmetroadhesin shown here is 
a head-to-tail, tail-to-tail hemi-symmetroadhesin that forms 
disulfide-linked dimers. Each hemi-symmetroadhesin con 
sists of two immunoglobulin Fab domains having a C-termi 
nal-X-terminus that is joined by an -X-X-bond to a immu 
noglobulin Fc subunit; the first Fab domain is joined to the Fc 
N-terminal-X-terminus, and the second Fab isjoined to the Fc 
C-terminal-X-terminus. The dimer has four functional Fab 
binding domains, and one functional Fc binding domain. The 
seven consecutive single bonds which join all four Fab 
domains to an Fc subunit are all trans (N-C-C-X-X- 
C C C/N). Symmetric rotations of 180 degrees around the 
first (N C), third (C X), fifth (X-C), or seventh (C–C/ 
N) pairs of consecutive single bonds will move the four Fab 
domains in a first general direction (compare FIGS. 23 and 
24). Symmetric rotations of 180 degrees around the second 
(C-C), fourth (X—X), or sixth (C–C) single bond pairs 
will move the four Fab domains in a second general direction 
(compare FIGS. 23 and 25). 
0046 FIG. 24: Schematic representation of the X-cis-C 
conformation of a bi-immunosymmetroadhesin consisting of 
four Fab binding domains and one Fc domain. The molecule 
is a dimer of two hemi-symmetroadhesins each consisting of 
three stretches of consecutive amino acids. 

0047 FIG. 25: Schematic representation of the X-cis-X 
conformation of a bi-immunosymmetroadhesin consisting of 
four Fab binding domains and one Fc domain. The molecule 
is a dimer of two hemi-symmetroadhesins each consisting of 
three stretches of consecutive amino acids. 

0048 FIG. 26: Schematic representation of the all-trans 
conformation of a bi-immunosymmetroadhesin consisting of 
two Fab binding domains, one Fc domain, and two non-Fab 
binding domains. The molecule is a dimer of two hemi 
symmetroadhesins each consisting of three stretches of con 
secutive amino acids. The bi-symmetroadhesin shown here is 
a head-to-tail, tail-to-tail hemi-symmetroadhesin that forms 
disulfide-linked dimers. Each hemi-symmetroadhesin con 
sists of one immunoglobulin Fab domain having a C-termi 
nal-X-terminus that is joined by an -X-X-bond to the N-ter 
minal-X-terminus of an immunoglobulin Fc Subunit, and one 
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non-immunoglobulin binding domain having a C-terminal 
X-terminus that is joined by an-X-X-bond to the C-terminal 
X-terminus of an immunoglobulin Fc subunit. The dimer has 
two functional Fab binding domains, two functional non 
immunoglobulin binding domains, and one functional Fc 
binding domain. The seven consecutive single bonds which 
join all four binding domain to an Fc Subunit are all trans 
(N C C X X—C C C/N). Symmetric rotations of 
180 degrees around the first (N C), third (C X), fifth 
(X-C), or seventh (C–C/N) pairs of consecutive single 
bonds will move the four binding domains in a first general 
direction (compare FIGS. 26 and 27). Symmetric rotations of 
180 degrees around the second (C-C), fourth (X X), or 
sixth (C-C) single bond pairs will move the four binding 
domains in a second general direction (compare FIGS. 26 and 
28). 
0049 FIG. 27: Schematic representation of the X-cis-C 
conformation of a bi-immunosymmetroadhesin consisting of 
two Fab binding domains, one Fc domain, and two non-Fab 
binding domains. The molecule is a dimer of two hemi 
symmetroadhesins each consisting of three stretches of con 
secutive amino acids. 
0050 FIG. 28: Schematic representation of the X-cis-X 
conformation of a bi-immunosymmetroadhesin consisting of 
two Fab binding domains, one Fc domain, and two non-Fab 
binding domains. The molecule is a dimer of two hemi 
symmetroadhesins each consisting of three stretches of con 
secutive amino acids. 
0051 FIG. 29: Schematic representation of an immuno 
globulin binding to a first symmetric target. The interaction is 
symmetric and cooperative. Both targets are bound by both 
immunoglobulins. 
0052 FIG. 30: Schematic representation of a sym 
metroadhesin binding to a first symmetric target. The inter 
action is symmetric and cooperative. Both targets are bound 
by both symmetroadhesins in a first conformation (all-trans). 
0053 FIG. 31: Schematic representation of an immuno 
globulin binding to a second symmetric target. The interac 
tion is neither symmetric and nor cooperative. Only one target 
is bound by each immunoglobulin. 
0054 FIG. 32: Schematic representation of a sym 
metroadhesin binding to a second symmetric target. The 
interaction is symmetric and cooperative. Both targets are 
bound by both symmetroadhesins in a second conformation 
(X-cis-C). 
0055 FIG. 33: Schematic representation of an immuno 
globulin binding to a third symmetric target. The interaction 
is neither symmetric and nor cooperative. Only one target is 
bound by each immunoglobulin. 
0056 FIG. 34: Schematic representation of a sym 
metroadhesin binding to a third symmetric target. The inter 
action is symmetric and cooperative. Both targets are bound 
by both symmetroadhesins in a third conformation (X-cis-X). 
0057 FIG. 35A: Amino acid sequences of various 
polypeptide synthetic intermediates of a human IgG1 Fc sym 
metroadhesin precursor subunit with an N-terminal-S-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
to -1, or -17 to -1, respectively), and the human IGHG 1 Fc 
domain (residues 1 to 228) beginning at the fifth amino acid 
encoded by the hinge exon, CDKTHTCPPCP (Ellison et al. 
(1982) Nuc. Acids Res. 10, 4071-4079). The three distinct 
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pre-Fc polypeptides have lengths of 251, 251 and 245 resi 
dues, respectively. Part (ii) shows the mature Fc domain 
(length=228) with an N-terminal-S-terminus. The N-terminal 
cysteine residue is underlined. (IGHG 1, UniProtKB/Swiss 
Prot entry PO1857, Ig gamma-1 chain C region, Homo sapi 
ens). 
0058 FIG. 35B: Amino acid sequences of various 
polypeptide synthetic intermediates of a human IgG2Fc sym 
metroadhesin precursor subunit with an N-terminal-S-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
to -1, or -17 to -1, respectively), and the human IGHG2 Fc 
domain (residues 1 to 225) beginning at the fourth amino acid 
encoded by the hinge exon, CCVECPPCP (Ellison et al. 
(1982) Nuc. Acids Res. 10, 4071-4079). The three distinct 
pre-Fc polypeptides have lengths of 248, 248 and 242 resi 
dues, respectively. Part (ii) shows the mature Fc domain 
(length=225) with an N-terminal-S-terminus. The N-terminal 
cysteine residue is underlined. (IGHG2, UniProtKB/Swiss 
Prot entry PO1859, Ig gamma-2 chain C region, Homo sapi 
ens). 
0059 FIG. 35C: Amino acid sequences of various 
polypeptide synthetic intermediates of a human IgG3 Fc sym 
metroadhesin precursor subunit with an N-terminal-S-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
to -1, or -17 to -1, respectively), and the human IGHG3 Fc 
domain (residues 1 to 267) beginning at the thirteenth amino 
acid encoded by the first hinge exon, CPRCP (Strausberg et 
al. (2002) Proc. Natl. Acad. Sci. 99, 16899-1690). The three 
distinct pre-Fc polypeptides have lengths of 290,290 and 284 
residues, respectively. Part (ii) shows the mature Fc domain 
(length=267) with an N-terminal-S-terminus. The N-terminal 
cysteine residue is underlined. (IGHG3, UniProtKB/Swiss 
Prot entry Q8N4Y9, Ig gamma-3 chain C region, Homo sapi 
ens). 
0060 FIG. 35D: Amino acid sequences of various 
polypeptide synthetic intermediates of a human IgG4 Fc sym 
metroadhesin precursor subunit with an N-terminal-S-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
to -1, or -17 to -1, respectively), and the human IGHG4 Fc 
domain (residues 1 to 222) beginning at the eighth amino acid 
encoded by the hinge exon, CPSCP (Strausberg et al. (2002) 
Proc. Natl. Acad. Sci. 99, 16899-1690). The three distinct 
pre-Fc polypeptides have lengths of 245, 245 and 239 resi 
dues, respectively. Part (ii) shows the mature Fc domain 
(length=222) with an N-terminal-S-terminus. The N-terminal 
cysteine residue is underlined. (IGHG4, UniProtKB/Swiss 
Prot entry Q8TC63, Ig gamma-4 chain C region, Homo sapi 
ens). 
0061 FIG. 36A: Amino acid sequences of various 
polypeptide synthetic intermediates of a human Fc sym 
metroadhesin precursor subunit with an N-terminal-X-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
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to -1, or -17 to -1, respectively), and the human IGHG 1 Fc 
domain (residues 1 to 222) beginning at the eleventh amino 
acid encoded by the hinge exon, CPPCP (Ellisonet al. (1982) 
Nuc. Acids Res. 10, 4071-4079). The three distinct pre-Fc 
polypeptides have lengths of 245, 245 and 239 residues, 
respectively. Part (ii) shows the mature Fc domain 
(length=222) having an N-terminal-S-terminus. The N-ter 
minal cysteine residue is underlined. Part (iii) shows the 
mature Fc domain extended by native chemical ligation 
(length=226) to have an N-terminal-X-terminus. The N-ter 
minal X amino acid (e.g., cysteine, selenocysteine) is under 
lined; it is followed by the sixth amino acid encoded by the 
hinge exon, XDKTHTCPPCP (IGHG1, UniProtKB/Swiss 
Prot entry PO1857, Ig gamma-1 chain C region, Homo sapi 
ens). 
0062 FIG. 36B: Amino acid sequences of various 
polypeptide synthetic intermediates of a human Fc sym 
metroadhesin precursor subunit with an N-terminal-X-termi 
nus. Part (i) shows three distinct pre-Fc polypeptides com 
prising, alternatively, the human Sonic hedgehog (SHH), 
human interferon alpha-2 (IFN), or human cholesterol ester 
transferase (CETP) signal sequences (residues-23 to -1, -23 
to -1, or -17 to -1, respectively), and the human IGHG 1 Fc 
domain (residues 1 to 219) beginning at the fourteenth amino 
acid encoded by the hinge exon, CP (Ellison et al. (1982) Nuc. 
Acids Res. 10, 4071-4079). The three distinct pre-Fc 
polypeptides have lengths of 242, 242 and 236 residues, 
respectively. Part (ii) shows the mature Fc domain 
(length=219) having an N-terminal-S-terminus. The N-ter 
minal cysteine residue is underlined. Part (iii) shows the 
mature Fc domain extended by native chemical ligation 
(length=222) to have an N-terminal-X-terminus. The N-ter 
minal X amino acid (e.g., cysteine, selenocysteine) is under 
lined; it is followed by the twelfth amino acid encoded by the 
hinge exon, XPPCP. (IGHG1, UniProtKB/Swiss-Prot entry 
P01857, Ig gamma-1 chain C region, Homo sapiens). 
0063 FIG. 37A: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human Fc symmetroadhesin precursor Subunit with a C-ter 
minal-X-terminus. Part (i) shows two distinct pre-Fc-intein 
polypeptides comprising, alternatively, the human CD2 or 
CD4 signal sequences (residues -24 to -1, or -25 to -1, 
respectively), the human IGHG 1 Fc domain (residues 1 to 
224) beginning at the seventh amino acid encoded by the 
hinge exon (KTHTCPPCP), the human IGHG3 M1 domain 
(residues 225 to 241), and an Mth RIR1 intein-chitin binding 
domain (residues 242 to 441). The two distinct pre-Fc-intein 
chimeric polypeptides have lengths of 465 and 466 residues, 
respectively. Part (ii) shows the mature Fc-intein chimeric 
polypeptide (length=441) comprising the human Fc/M1 
domain and the Mth RIR1 intein-chitin binding domain. The 
intein autocleavage site is underlined. Part (iii) shows the 
thioester-terminated human Fc/M1 domain (length=242). 
The C-terminal thio-glycine residue (Z) is underlined. Part 
(iv) shows the human Fc/M1 domain (length=243) with a 
C-terminal-X-terminus. The C-terminal X amino acid resi 
due (e.g., cysteine, selenocysteine) is underlined. (IGHG 1. 
UniProtKB/Swiss-Prot entry P01857, Ig gamma-1 chain C 
region, Homo sapiens; IGHG3, NCBI/GenBank accession 
BAA 11363, membrane-bound-type Ig gamma-chain, Homo 
Sapiens). 
0064 FIG. 37B: Amino acid sequences of various 
polypeptide synthetic intermediates of a human Fc sym 
metroadhesin precursor subunit with an C-terminal-S-termi 
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nus. Part (i) shows two distinct pre-Fc polypeptides compris 
ing, alternatively, the human CD2 or CD4 signal sequences 
(residues -24 to -1, or -25 to -1, respectively), the human 
IGHG 1 Fc domain (residues 1 to 224) beginning at the sev 
enth amino acid encoded by the hinge exon (KTHTCPPCP), 
and a portion of the human IGHG3M1 domain (residues 225 
to 232). The two distinct pre-Fc polypeptides have lengths of 
256 and 257 residues, respectively. Part (ii) shows the mature 
Fc domain (length=232) with an N-terminal-S-terminus. The 
N-terminal cysteine residue is underlined. (IGHG 1, UniPro 
tKB/Swiss-Prot entry PO1857, Ig gamma-1 chain C region, 
Homo sapiens). 
0065 FIGS. 38A-38B.: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human Fc symmetroadhesin precursor Subunit, with an N-ter 
minal-S-terminus and a C-terminal-X-terminus. (A) Part (i) 
shows three distinct pre-Fc-intein polypeptides comprising, 
alternatively, the human Sonic hedgehog (SHH), human inter 
feron alpha-2 (IFN), or human cholesterol ester transferase 
(CETP) signal sequences (residues -23 to -1, -23 to -1, or 
-17 to -1, respectively), the human IGHG 1 Fc domain (resi 
dues 1 to 226) beginning at the fifth amino acid encoded by 
the hinge exon (CDKTHTCPPCP), the human IGHG3 M1 
domain (residues 227 to 243), and an Mth RIR1 intein-chitin 
binding domain (residues 244 to 443). The three distinct 
pre-Fc-intein chimeric polypeptides have lengths of 466, 466 
and 460 residues, respectively. Part (ii) shows the mature 
Fc-intein chimeric polypeptide (length 443) comprising the 
human Fc/M1 domain and the Mth RIR1 intein-chitin bind 
ing domain with an N-terminal-S-terminus. The N-terminal 
cysteine residue and intein autocleavage site are underlined. 
(B) Part (iii) shows the thioester-terminated human Fc/M1 
domain (length=244). The N-terminal cysteine residue and 
C-terminal thio-glycine residue (Z) are underlined. Part (iv) 
shows the Fc/M1 domain (length=245) with an N-terminal 
S-terminus and a C-terminal-X-terminus. The N-terminal 
cysteine residue and C-terminal X amino acid residue (e.g., 
cysteine, selenocysteine) are underlined. (IGHG 1, UniPro 
tKB/Swiss-Prot entry PO1857, Ig gamma-1 chain C region, 
Homo sapiens; IGHG3, NCBI/GenBank accession 
BAA 11363, membrane-bound-type Ig gamma-chain, Homo 
Sapiens). 
0066 FIGS. 39A-39B; Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human Fc symmetroadhesin precursor Subunit, with an N-ter 
minal-X-terminus and a C-terminal-X-terminus. (A) Part (i) 
shows three distinct pre-Fc-intein polypeptides comprising, 
alternatively, the human Sonic hedgehog (SHH), human inter 
feron alpha-2 (IFN), or human cholesterol ester transferase 
(CETP) signal sequences (residues -23 to -1, -23 to -1, or 
-17 to -1, respectively), the human IGHG 1 Fc domain (resi 
dues 1 to 220) beginning at the eleventh amino acid encoded 
by the hinge exon (CPPCP), the human IGHG3 M1 domain 
(residues 221 to 237), and an Mth RIR1 intein-chitin binding 
domain (residues 238 to 437). The three distinct pre-Fc-intein 
chimeric polypeptides have lengths of 460, 460 and 454 resi 
dues, respectively. Part (ii) shows the mature Fc-intein chi 
meric polypeptide (length 437) comprising the human 
Fc/M1 domain and the Mth RIR1 intein-chitin binding 
domain with an N-terminal-S-terminus. The N-terminal cys 
teine residue and intein autocleavage site are underlined. (B) 
Part (iii) shows the mature Fc-intein chimeric polypeptide 
extended by native chemical ligation (length=443) to have an 
N-terminal-X-terminus. The N-terminal X amino acid (e.g., 
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cysteine, selenocysteine) is underlined. Part (iv) shows the 
thioester-terminated human Fc/M1 domain (length=244). 
The N-terminal X amino acid residue and C-terminal thio 
glycine residue (Z) are underlined. Part (v) shows the Fc/M1 
domain (length=245) with an N-terminal-X-terminus and a 
C-terminal-X-terminus. The N-terminal X amino acid resi 
due and C-terminal X amino acid residue are underlined. 
(IGHG1, UniProtKB/Swiss-Prot entry P01857, Iggamma-1 
chain C region, Homo sapiens; IGHG3, NCBI/GenBank 
accession BAA11363, membrane-bound-type Ig gamma 
chain, Homo sapiens). 
0067 FIGS. 40A-40B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human CD4 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-CD4-in 
tein polypeptide (length=596) comprising the human CD4 
signal sequence (residues -25 to -1) and extracellular domain 
(residues 1 to 371), and an Mth RIR1 intein-chitin binding 
domain (residues 372 to 571). Part (ii) shows the mature 
CD4-intein chimeric polypeptide (length=571) comprising 
the human CD4 extracellular domain and the Mth RIR1 
intein-chitin binding domain. The position of the intein auto 
cleavage site is underlined. (B) Part (iii) shows the thioester 
terminated human CD4 extracellular domain (length 372). 
The C-terminal thio-glycine residue (Z) is underlined. Part 
(iv) shows the human CD4 extracellular domain (length=373) 
with a C-terminal-X-terminus. The C-terminal Xamino acid 
residue (e.g., cysteine, selenocysteine) is underlined. (CD4. 
UniProtKB/Swiss-Prot entry P01730, T-cell surface glyco 
protein CD4). 
0068 FIGS. 41A-41B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
Dió2-VH symmetroadhesin precursor subunit with a C-ter 
minal-X-terminus. (A) Part(i) shows the pre-Dió2-VH-intein 
polypeptide (length=444) comprising the mouse Dió2-VH 
signal sequence (residues -19 to -1) and variable domain 
(residues 1 to 117), the human CH1 contant domain (residues 
118 to 225), and an Mth RIR1 intein-chitin binding domain 
(residues 226 to 425). Part (ii) shows the mature Dió2-VH 
intein chimeric polypeptide (length 425) comprising the 
mouse Dió2-VH variable domain, the human CH1 contant 
domain, and the Mth RIR1 intein-chitin binding domain. The 
position of the intein autocleavage site is underlined. (B) Part 
(iii) shows the thioester-terminated mouse Dió2-VH variable 
domain/human CH1 contant domain (length=226). The 
C-terminal thio-glycine residue (Z) is underlined. Part (iv) 
shows the mouse Dió2-VH variable domain/human CH1 con 
tant domain (length=227) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (Dió2-VH, NCBI/GenBank accession 
CAA05416, IgG heavy chain, antigenbinding of human TNF 
alpha subunit, Mus musculus). 
0069 FIG. 42: Amino acid sequences of various polypep 
tide synthetic intermediates of a Dió2-Vk symmetroadhesin 
precursor subunit. Part (i) shows the pre-Dió2-Vk polypep 
tide (length=234) comprising the mouse Dió2-Vk signal 
sequence (residues -20 to -1) and variable domain (residues 
1 to 107), and the human Ck contant domain (residues 108 to 
214). Part (ii) shows the mature Dió2-Vk chimeric polypep 
tide (length=214) comprising the mouse Dió2-Vk variable 
domain, and the human Ck contant domain. (Dió2-Vk, NCBI/ 
GenBank accession CAA05417. IgG light chain, antigen 
binding of human TNF alpha subunit, Mus musculus). 
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0070 FIG. 43: Amino acid sequences of various polypep 
tide intermediates in an intein-based synthesis of a human 
TNR1A symmetroadhesin precursor subunit with a C-termi 
nal-X-terminus. Part (i) shows the pre-TNR1A-intein 
polypeptide (length 411) comprising the human TNR1A sig 
nal sequence (residues -21 to -1) and extracellular domain 
(residues 1 to 190), and an Mth RIR1 intein-chitin binding 
domain (residues 191 to 390). Part (ii) shows the mature 
TNR1A-intein chimeric polypeptide (length-390) compris 
ing the human TNR1A extracellular domain and the Mth 
RIR1 intein-chitinbinding domain. The position of the intein 
autocleavage site is underlined. Part (iii) shows the thioester 
terminated human TNR1A extracellular domain 
(length=191). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human TNR1A extracellular 
domain (length=192) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (TNR1A, UniProtKB/Swiss-Prot entry 
P19438, Tumor necrosis factor receptor superfamily member 
1A). 
0071 FIG. 44A: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human TNR1B symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. Part (i) shows the pre-TNR1B-intein 
polypeptide (length=457) comprising the human TNR1B sig 
nal sequence (residues -22 to -1) and extracellular domain 
(residues 1 to 235), and an Mth RIR1 intein-chitin binding 
domain (residues 236 to 435). Part (ii) shows the mature 
TNR1B-intein chimeric polypeptide (length=435) compris 
ing the human TNR1B extracellular domain and the Mth 
RIR1 intein-chitinbinding domain. The position of the intein 
autocleavage site is underlined. Part (iii) shows the thioester 
terminated human TNR1B extracellular domain 
(length=236). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human TNR1B extracellular 
domain (length=237) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (TNR1B, UniProtKB/Swiss-Prot entry 
20333, Tumor necrosis factor receptor superfamily member 
1B). 
0072 FIG. 44B.: Amino acid sequences of various 
polypeptide synthetic intermediates of a TNR1B immunoad 
hesin precursor subunit. Part (i) shows the pre-TNR1B-im 
munoadhesin polypeptide (length 489) comprising the 
TNR1B signal sequence (residues -22 to -1) and extracellu 
lar domain (residues 1 to 235), and the human heavy contant 
domain (residues 236 to 467). Part (ii) shows the mature 
TNR1B-immunoadhesin (length=467). 
(0073 FIGS. 45A-45C: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human VGFR1 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-VGFR1 
intein polypeptide (length=958) comprising the human 
VGFR1 signal sequence (residues -26 to -1) and extracellu 
lar domain (residues 1 to 732), and an Mth RIR1 intein-chitin 
binding domain (residues 733 to 932). (B) Part (ii) shows the 
mature VGFR1-intein chimeric polypeptide (length=932) 
comprising the human VGFR1 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (C) Part (iii) shows the 
thioester-terminated human VGFR1 extracellular domain 
(length=733). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human VGFR1 extracellular 
domain (length=734) with a C-terminal-X-terminus. The 
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C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (VGFR1, UniProtKB/Swiss-Prot entry 
P17948, Vascular endothelial growth factor receptor 1). 
0074 FIGS. 46A-46C: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human VGFR2 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-VGFR2 
intein polypeptide (length 964) comprising the human 
VGFR2 signal sequence (residues -19 to -1) and extracellu 
lar domain (residues 1 to 745), and an Mth RIR1 intein-chitin 
binding domain (residues 746 to 945). (B) Part (ii) shows the 
mature VGFR2-intein chimeric polypeptide (length=945) 
comprising the human VGFR2 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (C) Part (iii) shows the 
thioester-terminated human VGFR2 extracellular domain 
(length=746). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human VGFR2 extracellular 
domain (length=747) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (VGFR2, UniProtKB/Swiss-Prot entry 
P35968, Vascular endothelial growth factor receptor 2). 
0075 FIGS. 47A-47C: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human VGFR3 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-VGFR3 
intein polypeptide (length=975) comprising the human 
VGFR3 signal sequence (residues -24 to -1) and extracellu 
lar domain (residues 1 to 751), and an Mth RIR1 intein-chitin 
binding domain (residues 752 to 951). (B) Part (ii) shows the 
mature VGFR3-intein chimeric polypeptide (length=951) 
comprising the human VGFR3 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (C) Part (iii) shows the 
thioester-terminated human VGFR3 extracellular domain 
(length=752). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human VGFR3 extracellular 
domain (length=753) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (VGFR3, UniProtKB/Swiss-Prot entry 
P35916, Vascular endothelial growth factor receptor 3). 
0076 FIGS. 48A-48B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human ERBB1 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-ERBB1 
intein polypeptide (length 845) comprising the human 
ERBB1 signal sequence (residues -24 to -1) and extracellu 
lar domain (residues 1 to 621), and an Mth RIR1 intein-chitin 
binding domain (residues 622 to 821). Part (ii) shows the 
mature ERBB1-intein chimeric polypeptide (length=821) 
comprising the human ERBB1 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (B) Part (iii) shows the 
thioester-terminated human ERBB1 extracellular domain 
(length=622). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human ERBB1 extracellular 
domain (length=623) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (ERBB1, UniProtKB/Swiss-Prot entry 
P00533, Epidermal growth factor receptor). 
0077 FIGS. 49A-49B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human ERBB2 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-ERBB2 
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intein polypeptide (length=852) comprising the human 
ERBB2 signal sequence (residues -22 to -1) and extracellu 
lar domain (residues 1 to 630), and an Mth RIR1 intein-chitin 
binding domain (residues 631 to 830). Part (ii) shows the 
mature ERBB2-intein chimeric polypeptide (length=830) 
comprising the human ERBB2 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (B) Part (iii) shows the 
thioester-terminated human ERBB2 extracellular domain 
(length=631). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human ERBB2 extracellular 
domain (length=632) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (ERBB2, UniProtKB/Swiss-Prot entry 
P04626, Receptor tyrosine-protein kinase erbB-2). 
(0078 FIGS. 50A-50B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human ERBB3 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-ERBB3 
intein polypeptide (length 843) comprising the human 
ERBB3 signal sequence (residues -19 to -1) and extracellu 
lar domain (residues 1 to 624), and an Mth RIR1 intein-chitin 
binding domain (residues 625 to 824). Part (ii) shows the 
mature ERBB3-intein chimeric polypeptide (length=824) 
comprising the human ERBB3 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (B) Part (iii) shows the 
thioester-terminated human ERBB3 extracellular domain 
(length=625). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human ERBB3 extracellular 
domain (length=626) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (ERBB3, UniProtKB/Swiss-Prot entry 
P21860, Receptor tyrosine-protein kinase erbB-3). 
(0079 FIGS. 51A-51B: Amino acid sequences of various 
polypeptide intermediates in an intein-based synthesis of a 
human ERBB4 symmetroadhesin precursor subunit with a 
C-terminal-X-terminus. (A) Part (i) shows the pre-ERBB4 
intein polypeptide (length 851) comprising the human 
ERBB4 signal sequence (residues -25 to -1) and extracellu 
lar domain (residues 1 to 626), and an Mth RIR1 intein-chitin 
binding domain (residues 627 to 826). Part (ii) shows the 
mature ERBB4-intein chimeric polypeptide (length=826) 
comprising the human ERBB4 extracellular domain and the 
Mth RIR1 intein-chitin binding domain. The position of the 
intein autocleavage site is underlined. (B) Part (iii) shows the 
thioester-terminated human ERBB4 extracellular domain 
(length=627). The C-terminal thio-glycine residue (Z) is 
underlined. Part (iv) shows the human ERBB4 extracellular 
domain (length=628) with a C-terminal-X-terminus. The 
C-terminal X amino acid residue (e.g., cysteine, selenocys 
teine) is underlined. (ERBB4, UniProtKB/Swiss-Prot entry 
Q15303, Receptor tyrosine-protein kinase erbB-4). 
0080 FIG. 52: Expression in 293 kidney cells of human 
IgG1 Fc symmetroadhesin subunits with N-terminal-S-ter 
mini. Lanes 1-6 and lanes 7-12 show the IgG1 Fc polypep 
tides of FIG. 35A (ii) and FIG. 36A (ii), respectively. Cell 
Supernatants: lanes 1, 3, 5, 7, 9 and 11; cell lysates: lanes 2, 4, 
6, 8, 10 and 12. Signal sequences used: SHH (lanes 1, 2, 7 and 
8); IFNC. (lanes 3, 4, 9, 10); CETP (lanes 5, 6, 11 and 12). 
I0081 FIG. 53: Expression in 293 kidney cells of human 
IgG1 Fc symmetroadhesin subunits. Lanes 1-2, 3-4 and 5-6 
show the IgG1 Fc polypeptides of FIG.35A (ii), FIG.36A (ii) 
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and FIG.37B (ii), respectively. Cell supernatants: (lanes 1-6). 
Signal sequences used: SHH (lanes 1-6). 
I0082 FIG. 54: Protein A purification of human IgG1 Fc 
symmetroadhesin subunits expressed in 293 kidney cells. 
Lane 2 and 8 show the IgG1 Fc polypeptides of FIG. 36A and 
FIG. 35A, respectively. Lanes 1-7: protein A-sepharose col 
umn fractions for the IgG1 Fc polypeptide of FIG. 36A. 
0083 FIG.55: Thiol-sepharose binding of protein A-puri 
fied human IgG1 Fc symmetroadhesin Subunits shown in 
FIG. 54. Lanes 1-3 and lanes 4-6 show the human IgG1 Fc 
polypeptides of FIG. 35A and FIG. 36A, respectively. Lanes 
1 and 4: starting material; lanes 2 and 5: thiol-sepharose 
flow-thru fraction; lanes 3 and 6: thiol-sepharose bound frac 
tion. 
I0084 FIG. 56: Expression in human 293 kidney cells of 
human CD4-intein fusion proteins. Lanes 1-4 show the CD4 
intein fusion polypeptide of FIG. 40A (ii). Cell supernatants: 
lanes 1 and 3; cell lysates: lanes 2 and 4. 
I0085 FIG. 57: Expression in human 293 kidney cells of 
human TNR1B fusion proteins. Lanes 2 and 5 show the 
TNR1B-intein fusion protein of FIG. 44A (ii). Lanes 1 and 3 
show the TNR1B-immunoadhesinfusion protein of FIG. 44B 
(ii). Lanes 3 and 6 show proteins from mock-transfected cells. 
Cell supernatants: lanes 1-3; cell lysates: lanes 4-7. Lane 7: 
control TNR1B-immunoadhesin (R&D Systems). 
I0086 FIG. 58: TNR1B symmetroadhesin subunits with 
C-terminal-S-termini. Lanes 1-2 show the TNR1B polypep 
tide of FIG. 44A (iii) following purification by chitin affinity 
chromatography and cleavage/elution with MESNA. Lanes 3 
shows the native ligation product between the TNR1B 
polypeptide of FIG. 44A (iii) with a fluorescent-labeled pep 
tide (New England Biolabs). Panel (i): direct fluorescence; 
panel (ii): western blot with anti-TNR1B antibody (R&D 
Systems); panel (iii): SYPRO Ruby staining (Sigma-Ald 
rich). 
I0087 FIG. 59: TNR1B symmetroadhesin subunits with 
C-terminal-S-termini. Lane 5 shows the TNR1B polypeptide 
of FIG. 44A (iv) following purification by chitin affinity 
chromatography and cleavagefelution with cysteine. Lanes 
1-4 show TNR1B-immunoadhesin. 
I0088 FIG. 60:TNR1B symmetroadhesin. Lanes 1-4 show 
the TNR1B symmetroadhesin of FIG. 44A (iv) before oxida 
tion (lanes 1 and 4) and after oxidation in the presence of 10 
mM CuSO4. Lanes 3 and 6 show a TNR1B-immunoadhesin 
control. Lanes 1-3: reducing conditions; lanes 4-6: non-re 
ducing conditions. The TNR1B symmetroadhesin monomer 
(42 kd) and dimer (84kd) are apparent in lanes 2 and 5, and 
lane 5, respectively. 
I0089 FIG. 61A-61C: TNF-alpha saturation binding 
analysis with various TNR1B polypeptides on the Biacore 
T-100. (A) The TNR1B symmetroadhesin of FIG. 44A (iv) 
was covalently coupled to a Biacore CM-5 chip using stan 
dard Biacore amine chemistry. (B) TNR1B immunoadhesin 
(R&D Systems) was covalently coupled to a Biacore CM-5 
chip using standard Biacore amine chemistry. (C) The 
TNR1B symmetroadhesin of FIG. 44A (iv) was covalently 
coupled to a Biacore CM-5 chip using standard Biacore thiol 
chemistry. Following coupling, saturation binding analysis 
was carried out using TNF-alpha (R&D Systems) at the indi 
cated concentations. 
0090 FIG. 62A-62C: Scatchard analysis of the TNF-al 
pha saturation binding analysis shown in FIG. 61A-61C. (A) 
TNR1B symmetroadhesin of FIG. 44A (iv) covalently 
coupled using amine chemistry; Kd-Kd=4.697x10 M. (B) 
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TNR1B-immunoadhesin (R&D Systems) covalently coupled 
using amine chemistry; Kd=4.089x10 M. (C)TNR1B sym 
metroadhesin of FIG. 44A (iv) covalently coupled using thiol 
chemistry; Kd=0.8476x10 M. 

DETAILED DESCRIPTION 

0091. This invention provides a compound comprising a 
first stretch of consecutive amino acids, each of which is 
joined to the preceding amino acid by a peptide bond and the 
sequence of which comprises a binding site for a target; and a 
second stretch of consecutive amino acids, each of which is 
joined to the preceding amino acid by a peptide bond and the 
sequence of which is identical to the sequence of the first 
stretch of consecutive amino acids and which comprises an 
identical binding site for the target; wherein each of the first 
stretch of amino acids and the second stretch of amino acids 
has at a predefined end thereof a cysteine residue or a sele 
nocysteine residue and Such cysteine residues or Such sele 
nocysteine residues are joined by a bond having the structure: 

X C N1 in 1N 

wherein each X is the same and represents a sulfur (S) or a 
selenium (Se) and each C represents a beta-carbon of one of 
such cysteine or selenocysteine residues. 
0092. In an embodiment, the bond has the structure: 

N-n-N O N-as-N. 

0093. In an embodiment, the residue at the predefined end 
of each of the first stretch and the second stretch of consecu 
tive amino acids is a cysteine residue. In an embodiment the 
residue at the predefined end of each of the first stretch and the 
second stretch of consecutive amino acids is a selenocysteine 
residue. 

0094. This invention also provides a compound compris 
ing a first stretch of consecutive amino acids, each of which is 
joined to the preceding amino acid by a peptide bond and the 
sequence of which comprises a binding site for a target; and a 
second stretch of consecutive amino acids, each of which is 
joined to the preceding amino acid by a peptide bond and the 
sequence of which is different from the sequence of the first 
stretch of consecutive amino acids and which comprises a 
binding site for a different moiety; wherein each of the first 
stretch of amino acids and the second stretch of amino acids 
has at a predefined end thereof a cysteine residue or a sele 
nocysteine residue and Such residues are joined by a bond 
having the structure: 

X C N1 in 1N 

wherein each X may be the same or different and represents a 
sulfur (S) or a selenium (Se) and each C represents a beta 
carbon of one of Such cysteine or selenocysteine residues. 
















































































































































































































































































































































































































































































































































