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Motif-programming is a method for creating artificial proteins by combining functional peptide motifs in a com-
binatorial manner. Motifs are often short amino acid sequences within natural proteins that are associated with particu-
lar biological functions. Motifs also can be created de novo using molecular engineering. In particular, peptide ap-
tamers, which have been isolated as specific binders against various targets, are believed to be promising motif blocks for
creating novel biomaterials through motif-programming. It is now known, however, that simple arithmetic addition
does not always work with motif-programming—e.g., simple conjugation of motifs-A and -B does not always result in a
bifunctional peptide-AB. To solve this nonlinearity in motif-programming, we have been employing a combinatorial ap-
proach, which we called MolCraft. In MolCraft, we prepare a library of artificial proteins that contain multiple motifs in
various numbers and orders, from which clones having the desired functions are selected. In MolCraft, a microgene is
first rationally designed so that the encoded peptides contain motifs, and then tandemly polymerized with insertion or
deletion mutations at the junctions between microgene units. Because of junctional perturbations, proteins translated
from a single microgene polymer are molecularly diverse, originating from the combinatorics of three reading frames,
and are thus combinatorial polymers of three peptides. By embedding functional motifs into different reading frames of
a single microgene, combinatorial polymers of functional motifs are easily prepared. Notably, repetitiousness retained
in the overall structure of proteins contributes to the formation of ordered structures, and enhances the chances of
reconstituting biological activity. This method is particularly well suited for developing liaison molecules that interface
between cells and inorganic materials. Examples of multifunctional artificial proteins created from this method will be
introduced.
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Short aa sequences
that have been associated to particular functions

Fig. 1. “‘Motifs’’ are Short aa Sequences That Have Been As-
sociated to Particular Functions
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Peptide Phage system

Fig. 2. Peptide Phage System is Able to Create Artificial Pep-
tides That Bind to Certain Targets
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Motif Programing

Function-C

EEVUCKNSIAEL

Function-A Function-B

ELHKKGLVY SMLITDSL

l

SMLLTDSLGGELHKKGLVY Functions A+B

SMLLTDSLGGEEVVWCKXSIAEL Functions B+C
EEVVCNXSIAELGGELHKKGIVYGGSMLITDSL  Functions A+B+C

Fig. 3. The Fundamental Principle Underlying Motif
Programming is Quite Simple, That is, to Make New Combi-
nations of Functions from New Combinations of Motifs
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Two natural motifs

MPGRKARRNA
PVNPTRAELP
PEFAAQLRKI
GDKVYCTHSA
PDITVVLAQM
PGKSQKSRMR
SPSPTRVPAD

LDPVDPNIEP
WNHPGSQPKT
ACNRCHCKKC
CYHCQVCFIT
KGLGISYGRK
KRRQRRRPSQ
GGQTHODPIP LKDECAQLRR
KQPSSQPRGD IGDKVNLROK
PTGPKE LLNLISKLFN

PTD motif: translocate across the plasma membrane ~ LVT

BH3 motif: associated with cell death (apoptosis) induction

Fig. 4. Two Motifs Found in Natural Proteins
PTD and BH3 motifs are respectively associated with protein transduc-
tion and induction of apoptosis.
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Design of a microgene(MG)
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Desired motifs are encoded in different reading frames

Combinatorial library of motifs
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MolCraft

A

Fig. 5. Outline of MolCraft

Polymerizatiion of MG
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(a) Microgene is designed so that it could code for motifs in its different reading frames. (b) The designer microgene is tandemly polymerized using the MPR
(microgene polymerization reaction) conditions, which allows random insertions and/or deletions at junctions of a microgene unit. (c) The translational products
of the microgene polymers make up a library of artificial proteins that contain the embedded motif in combinatorial manners. (d) From the library, the clones that

show expected functions are selected.
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Des:gn of a microgene(MG)
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Desired motifs are encoded in different reading frames

Fig. 6. The Microgene That was Programmed with the Cell
Attaching Motif and the Titanium Binding Motif

Motif Programmed proteins

MRGSHHHHHHGSVDWRS PSRTLGRGUSFANSRTLG
SFANSRTLGRGUSFANSRTLWSGGQLRKLEDAWS

GGQLRKLPDALVGGTASQTPGRLVGGTASQTPGRLYV

GGTASQTPGQLRKLPDAWSGGYPG

MRGSHHHHHHGIRRQWQIPVGGTASQTPGRLVGGTA
SQTPGRLVGGTASQTPGRLVGGTASQTPGRFGRELS
FANSRTLGHGDSFANSRTLGH D SLVGGTAWSGGOL
RKLPDALVGGTASQTPGRLVGGTASQTPGRFANSRT
LRKLPDASQTPGRFANSRTLGHGDSFANSRTLG
SFANSRTGTRVN

MRGSHHHHHHGIRRQWQTPLPDALVGGTASQTPGRE
GHGDSFANSRTLGHG0SFANSRTLGR D SFANSRTL
GRGLSFANSRTLWSGGQLRKLEDALVGGTASQTPGR
GTRVN

Fig. 7. Aurtificial Matrix Proteins That Were Created by the
Designer Microgene in Fig. 6
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Motif Programing

Acceleration of in vitro calcium phosphate

formation by artificial proteins 1 esus
1 GEsesEqDs

Pentide  ESQES +QESOSEQDS no
———
i —— no

Fig. 8. Aurtificial Proteins That Carried Different Numbers of
the Titanium Binding Motif and the Mineralization Motif in
Various Orders
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DfERLZEHET 2D DEHET &, MFEHED OIE M
ERO/O-NEINTEEL -

8. BHYIC

ZZTREF—7 - TOFILARANLY VINVE
OWFHER TOARBEMEZ POICHENILELE
0, DINOIUIETE, NLFZ NNV HEHONAEET
DFFIZDONTOMIEZEH#ED TWET. BABK,
MARIBICDIRMNBNTY VNV EOFIHTT. X
TFREERT 7 — T RIE,  EEE R B
EAETAHXRTF RORBFIZOHNSNTVWET D
T, ZN6RARENETF—T7 &, RARICEET
HNAUBEEEBREROEF—7, I5IT1E, 2K
FNA A DM BRI R TF R - 7 Ty < —7s
Ex5%F<7arIALL, FlZZmMEERT 2 H
Al (CTC) 7 EZRRIHHIEL, 20 NAZH
WHALES ET5HDTY.

CDEITEF—7 - TOFTSARANLY 2INY
B, o TEWE #ET% MERFEEwo R’
5 WEEEL TS0 TEENHIHFEINT
WET.
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