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1. Introduction

In evolutionary protein engineering, in vitro selection using a cell-free translation
system carries advantages of large library size and applicability to cytotoxic proteins.
Although various in vitro protein selection techniques such as in vitro virus [1], mRNA
display [2] and ribosome display [3] have been developed, most of them are the
techniques in which 3-terminus of the genotype molecule is linked to the decoded
peptide via its C-terminus. Thus, they are not adequate to the evolution of the protein,
of which C-terminus is essential for its function (such as various peptide ligands,
protein-protein interaction domain, membrane proteins, peptide hormones, etc).
Therefore, it is worthwhile to devise the method in which the genotype molecule is
linked to the decoded protein via its N-terminus, i.e. C-terminus of the protein is
displayed freely.

Also in phage display method, the peptide is fused usually at the N-terminus of coat
protein. However, the display method in which the peptide library was fused at the
C-terminus of M13 phage major coat protein [4,5] and T7 phage D-coat protein [6] has
been also reported. The carboxyl terminal end of PDZ domain-ligands, which is
essential to be recognized by PDZ domain, was screened [7,8] and mapping of the
C-terminal epitope of the Alzheimer’s disease specific antibody [9] was carried out using
such carboxyl-terminal phage display.

Several methods that link the protein to its mRNA (or DNA) via N-terminus have
been reported. Sawata and Taira reported the binding procedure between MS2 coat
protein dimer fused at N-terminus of the protein and the specific recognition sequence

in its mRNA [10]. Yanagawa and coworkers developed the method named “STABLE” in
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which the streptavidin fused at N-terminus of a peptide was bound to biotin labeled
gene DNA in emulsion [11,12]. These methods are simple and effective; however,
screening condition is limited because its linkage between the peptide and its genotype
molecule is non-covalent. Baskerville and Bartel made the ribozyme that catalyzes a
phosphoamide bond formation between the 5-terminus of the encoding RNA and the
N-terminus of the decoded polypeptide [13]. Nester and coworkers developed the
method that employed the property of VirD2 protein, which covalently binds to the
specific DNA sequence [14]. These methods employ a covalent bond to linkage the
peptide and its genotype molecule; however, these have not been applied yet to in vitro
selection.

To date, many studies on the non-natural amino acid incorporation into a protein
using nonsense [15,16] or frame-shift [17] suppression have been reported. And recently,
these have been applied to in witro protein display methods to introduce the
mRNA-peptide fusion molecule library containing non-natural amino acid [18,19].

In this article we report the novel method to link the N-terminus of the peptide to its
mRNA. In our method, the mRNA is linked via ssDNA and spacer to phenylalanine
derivative, which is acylated to amber sup tRNA. When this modified mRNA is
subjected to a cell-free translation system, this phenylalanine derivative would be
incorporated into the N-terminus region of the nascent peptide at the amber stop codon
inserted at the beginning of the encoded region. Consequently, C-terminus of the

peptide is displayed on its mRNA (Fig.1).
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Fig. 1. Screening cycle of the mRNA-protein fusion in this study. The dsDNA library is
transcribed to mRNA. The mRNA is hybridized to the DNA moiety of the linker having
hydrazide group and ligated with T4 RNA ligase. Hydrazide group of the ligated product and
acetyl group of the phenylalanine derivative that is acylated to sup tRNA are ligated
chemically and the modified mRNA is translated. The modified aminoacyl sup tRNA tends
to occupy the A-site of ribosome at UAG codon inserted near downstream of initiation codon
and the phenylalanine is incorporated into the growing peptide. Thus, linkage between
N-terminus of the nascent peptide and 5-terminus of its mRNA is achieved. Screening of
mRNA-peptide fusion library according to property of the displayed peptide and amplify the

genotype molecules of the screened fusions by RT-PCR
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2. Materials and methods

2.1 Synthesis of the DNA-linker having a hydrazide group

The DNA-linker having a hydrazide group at 5-terminus (hydrazide-linker) was
synthesized as follows. 5-NH2-(CH2)s-(CH2CH20)s-(dA)30-(CH2CH20)6-GGG-(dT-FITC)
-CGGGGGGCAAAA-3', where (dA)so is 30 nucleotides of deoxy adenosine, (dT-FITC) is
fluorescein-modified deoxy thymidine, was purchased from Tsukuba Oligo Service Co.,
Ltd (Ibaraki, Japan). Single riboadenosine was added to 3-terminus of the oligomer (1.0
nmol) using terminal deoxynucleotidyl transferase (24 U, Takara Bio) with 20 pmol ATP
at 37 °C for overnight in 50 pl of supplied TdT buffer. The product was purified on P6
column (Bio Rad) to remove excess ATP, followed by phenol/chloroform/isoamyl alcohol
extraction and ethanol precipitation. The precipitate was dissolved in 65 pl of 0.5 M
phosphate buffer (pH 9.0) and then mixed with 10 ul of 0.025 M succinic anhydride in
DMSO for overnight at room temperature and purified on P6 column (Bio Rad)
pre-equilibrated with H20. Purified sample was mixed with 2 mg adipodihydrazide and
5 mg EDC (1-ethyl-3- (3-dimethylaminopropyl) carbodiimide) in 70 pl of 0.1 M
phosphate buffer (pH 7.2) for 4 hour at room temperature and purified on P6 column
pre-equilibrated with H20.

The length of the DNA-linker used in this study was designed as follow. The local

maximum concentration of two sites on a linear ssRNA chain (polyU) is described as:

3
jug =0.13xv 2 xexp(_v726]M, 1
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where v is the distance-through-bond in nucleotides [20].

Probability distribution of local concentration j, (r) is described as :

2nl?

i ) —3r?
Ju ()= ju 'exp[—J 2

where r 1s the distance-through-space between the two sites, n 1is the
distance-through-bond in the number of Kuhn segment and 1 is statistical segment
length or Kuhn length. For ssRNA, the number of Kuhn segment and Kuhn length were
reported for polyU as v/6 and 4 nm, respectively.

The value of r for our case is 14 nm that is the distance-through-space between the
exit position of mRNA on ribosome and the entrance of A-site of ribosome [21]. On the
assumption that mRNA and the linker were composed of ssRNA, the probability
distribution of local concentration of linked aminoacyl sup tRNA on the entrance of

A-site of ribosome is given as:

3 _ _
j,(@4nm)= j,, -exp(_l\l/O'A'J =0.13xv 2 xexp(ﬁjxexp( 1\1/0'4JM -3
y ,

According to Equation 3, the maximum local concentration 45.5 uM is obtained when
the distance-through-bond v is 75 nt. Thus, the linker length was designed so that the
chain length from the mRNA exit site to the 5-terminus of the linker become equivalent

to 75 nt.
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2.2 Construction of the mRNA-templates

The His-tag encoding DNA (178 bp, Fig.2A) was constructed by three steps of PCR
amplification. The first step PCR was performed using three oligomers; NL-temp
(5-ATGGGCTAGGGTGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGCAGCGCATCA
C-3), prNL+ (5-CGGTTTCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATA
TATCCATGGGCTAGGGTGTGAGCA-3) and prNL- (5-ACTCCTTAATGATGGTGATGG
TGATGCGCTGCCCCGGT-3) and the resulting dsDNA was further amplified using two
primers; prNL$2.5GC+ (5~ CAGTAATACGACTCACTATTAGGGCCCCCCGACCCCGGT
TTCCCTCTAGAAATAATTTTGT-3) and prNLHis- (5-GCATCGACTCCTTAATGATGG

TGATGGTGATGCGCTGCCCCGGTG-3). The final step PCR was performed using the
second step product dsDNA and two primers; prRT+ (5-CAGTAATACGACTCACTATTA
GGGCCCCCCGAC-3) and prRT- (5-GAATTCGCCCTTGCATCGACTC-3). The FLAG
encoding DNA (190 bp, Fig.2A) was constructed by two steps of PCR amplification. The
first step PCR was performed using the His-tag encoding DNA and two primers; prRT+
and prNLFLAG- (5-GCATCGACTCCTTATTACTTGTCATCGTCATCCTTGTAATCCGC

CGCTGCCCCGGTGAACAG-3) and the resulting dsDNA was further amplified using
two primers; prRT+ and prRT-. These PCR products were purified using QIAquick PCR
purification kit (Qiagen) and transcribed in vitro using RiboMAX ™ Large Scale RNA
Production System - T7 (Promega) in the presence of 36 mM AMP and 3.6 mM each
NTPs. The RNA transcript was purified on P6 column to remove excess AMP, followed

by phenol/chloroform/isoamyl alcohol extraction and ethanol precipitation.
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2.3 Ligation between the mRNA and the hydrazide-linker

The mRNA (2 pM) was hybridized to the DNA moiety of the hydrazide-linker (4 pM)
and prRT- (4 uM) by heating at 95 °C and cooling to 25 °C in 50 pl of T4 RNA ligase
buffer (Takara Bio) and ligation reaction was started by adding T4 RNA ligase (40 U,
Takara Bio) and ribonuclease inhibitor (40 U, Takara Bio). Ligation reaction was
performed at 25 °C for overnight and the ligated product was analyzed by 8 M urea 8 %
PAGE using TBE running buffer at 65 °C and were visualized with fluorescence of FITC
and then visualized again after staining by SYBR Green II (Cambrex) using a
fluorescence imager (Pharos FX; Bio-Rad). Ligated product was purified using RNeasy

Mini Kit (Qiagen).

2.4 Preparation of amino acid substrate

4-acetyl-L-phenylalanine cyanomethyl ester was synthesized by as follows; 10 mg of
Boc-4-acetyl-L-phenylalanine (Chem Impex) was dissolved in 1 ml of acetonitrile and
mixed with 350 pl of triethylamine and 100 pl of chloroacetonitrile. This mixture was
stirred at room temperature for over night and the reaction mixture was diluted with 10
ml of ethyl acetate and extracted with 20 ml of 0.5 N HCI. The organic layer was then
washed with 20 ml of 4 % NaHCOs and 10 ml of saturated aqueous sodium chloride and
dried using a rotary evaporator. The resulting residue was mixed with 250 ul of
TFA/anisole mixture (9:1) and stirred at room temperature for 30 min. The solvent was
removed using a rotary evaporator and 1 ml of 4 M HCI in dioxane was added to form

the hydrochloride salt. The solution was concentrated using a rotary evaporator and 2
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ml of ether was added to precipitate the hydrochloride salt. These reactions were traced

by Thin Layer Chromatography.

2.5 Preparation of aminoacyl-sup tRNA

Aminoacyl-sup tRNA was prepared by the same procedure previously reported [22]
with minor modification using 4-acetyl-L-phenylalanine cyanomethyl ester as the
amino acid substrate.

The template DNA encoding the aminoacyl ribozyme was constructed by two steps of
PCR amplification. The first PCR was performed using three oligomers;

Fx (5-ACCTAACGCCAATACCCTTTCGGGCCTGCGGAAATCTTTCGATCC-3), P5-1
(5> ACGCATATGTAATACGACTCACTATAGGATCGAAAGATTTCCGC-3) and P5-2
(5-GGTAACACGCATATGTAATACGACTC-3). The resulting dsDNA was further
amplified using two primers; p5-2 and p3-2 (5-T20-ACCTAACGCC-3’). The template
DNA encoding the engineered tRNA#Asncya was constructed by two steps of PCR
amplification. The first PCR was performed using three oligomers;

TR (5-"TGGTGCCTCTGACTGGACTCGAACCAGTGACATACGGATTTAGAGTCCGC
CGTTCTACCGACTGAACTACAGAGGC-3), p5-3 (5-ACGCATATGTAATACGACTCACT
ATAGCCTCTGTAGTTCAGTCGGT-3) and p3-3 (5-TGGTGCCTCTGACTGGACTC-3).
The resulting dsDNA was further amplified using two primers; p5-2 and p3-3. Amplified
these two dsDNAs, encoding aminoacyl ribozyme or tRNAAsncya, were transcribed in
vitro using RiboMAX ™ Large Scale RNA transcription System — T7 in the presence of
7.5 mM GMP and 3.75 mM each NTPs. The RNA transcript was purified on P6 column

to remove excess GMP, followed by phenol/chloroform/isoamyl alcohol extraction and
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ethanol precipitation.

400 pl of 0.1 M NalO4 was added to 1 ml of 30 uM ribozyme, and the mixture was
incubated on ice for 20 min. The oxidized RNA was then precipitated with 14 ml of 2 %
LiClO4 in acetone and washed with 1 ml acetone. The pellet was dissolved in 1.4 ml of
0.1 M sodium acetate (pH 5.0) and added to 0.7 ml of adipic acid dihydrazide-agarose
(Sigma) that was prewashed with RNase-free water. The mixture was stirred at room
temperature for three hour and then 300 ul of 1 M NaBHs3CN was added and the
mixture was incubated for 30 min to stabilize the imine bond. The resin-immobilized
ribozyme was washed with 1.4 ml of W1 (0.1 M sodium acetate, 300 mM NaCl, 7.5 M
urea, 0.1% SDS, pH 5.0) and suspended in 2.1 ml of W1.

30 pl of 50 pM tRNAAsacya was folded by heating at 95 °C and cooling to room
temperature in a buffer (50 mM EPPS, 12.5 mM KCl, 12 mM MgClz, pH 7.0) and then
diluted in 15 pl of a buffer (50 mM EPPS, 12.5 mM KCl, 3.6 M MgCls, pH 7.0) and 20 pl
of a buffer (50 mM EPPS, 12.5 mM KCl, 1.2 M MgClz, pH 7.0). The folded tRNA solution
was mixed with 5 nmol of resin-immobilized ribozyme that was prewashed with
RNase-free water, and then 12.5 pl of 100 mM 4-acetyl-L-phenylalanine cyanomethyl
ester in DMSO was added to this mixture followed by adding 1.6 ul of 0.25 M KOH (to
adjust pH to 7.0-7.2). After 2 hour incubation under rotation at 4 °C, EK buffer (50 mM
EPPS, 12.5 mM KCl, 10 mM EDTA, pH 7.0) was added and the supernatant, containing
aminoacyl-tRNA product, was recovered and ethanol precipitated. Confirmation of
aminoacylation was performed as follows. 50 pmol of aminoacylated tRNA was
dissolved in 5 pl of EPPS (0.1 M, pH 5.9) containing 20 mM 6-(Biotinylamino)hexanoic
acid N-hydroxy-sulfosuccinimide ester (Dojindo), and 1.0 ul of EPPS-KOH (0.3 M, pH

9.1) was added to adjust pH to 8.0. The mixture was incubated for one hour on ice and
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ethanol precipitated. The pellet of biotinylated aminoacyl-tRNA was dissolved in 10 ul
of the loading buffer (167 pmol streptavidin, 0.1 M sodium acetate, 8 M urea, 0.05 %
bromophenol blue, 0.05 % xylene cyanol, pH 5.0) and analyzed by 8 M urea 15 % PAGE
using 50 mM sodium acetate (pH 5.0) as a running buffer at 30 °C and visualized after

staining by SYBR Green II.

2.6 Selective enrichment analysis

10 pmol of the mRNA-linker ligation product encoding His-tag sequence was mixed
with 100 pmol of 4-acetyl-phenylalanyl tRNAAsncya in 10 pl of 1 mM sodium acetate (pH
5.2) for overnight at room temperature and translated in 16 pl volume of Z. coli S30
Extract System for Linear Templates (Promega) for 5 min at 37 °C with SUPERase-In
RNase inhibitor (20 U, Ambion). The translated sample was incubated in 100 pl of
Ni-NTA agarose (Qiagen) suspended in wash buffer (50 mM NaH2POs, 300 mM NaCl,
20 mM imidazole, pH 8.0) for 1 hour at 4 °C using a rotary mixer. The Ni-NTA agarose
was washed two times with 200 ul of wash buffer and eluted with 50 pl of elution buffer
(50 mM NaH2PO4, 300 mM NaCl, 250 mM imidazole, pH 8.0). The eluted sample was
desalted with MicroSpin G-25 Column (GE Healthcare) and amplified by RT-PCR using
C.therm. Polymerase One-Step RT-PCR System (Roche) using prRT+ and prRT- as
primers. As negative controls, the translation product without methionine and the
translation product without modification of 4-acethyl-phenylalanine tRNAAsncua to the
linker before translation were screened with Ni-NTA agarose and amplified by RT-PCR.
The amplified products were analyzed by 8 M urea 8 % PAGE using TBE running buffer

at 65 °C and visualized after staining by SYBR Green I (Cambrex).
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In selective enrichment analysis of the DNA encoding the His-tag sequence, Mixture
of the mRNA-linker ligation products (1 pmol of the His-tag encoding molecule and 10
pmol of the FLAG-tag encoding molecule) was reacted with 100 pmol of
4-acetyl-phenylalanyl tRNAAsncya in 10 pl of 1 mM sodium acetate (pH 5.2) for
overnight at room temperature and translated in 16 pl volume of Z. coli S30 Extract
System for Linear Templates for 5 min at 37 °C with SUPERase-In RNase inhibitor
(200). The translated sample was incubated in 100 pl of Ni-NTA agarose suspended in
wash buffer (50 mM NaH2PO4, 300 mM NaCl, 20 mM imidazole, pH 8.0) for 1 hour at
4 °C using a rotary mixer. The Ni-NTA agarose was washed two times with 200 ul of
wash buffer and eluted with 50 pl of elution buffer (50 mM NaH:PO4, 300 mM NaCl,
250 mM imidazole, pH 8.0). The eluted sample was desalted with MicroSpin G-25
Column and amplified by RT-PCR wusing C.therm. Polymerase One-Step RT-PCR
System using prRT+ and prRT- as primers. The amplified product was transcribed and
ligated with hydrazide-linker for the next round of screening. The amplified product of
each screening round was analyzed by 8 M urea 8 % PAGE using TBE running buffer at
65 °C and visualized after staining by SYBR Green 1.

In selective enrichment analysis of the DNA encoding the FLAG-tag sequence,
Mixture of the mRNA-linker ligation products (1 pmol of FLAG-tag encoding molecule
and 10 pmol of His-tag encoding molecule) was reacted with 100 pmol of
4-acetyl-phenylalanyl tRNAAsncya in 10 pl of 1 mM sodium acetate (pH 5.2) for
overnight at room temperature and translated in 16 ul reaction volume of £. colf S30
Extract System for Linear Templates (Promega) for 5 min at 37 °C with SUPERase-In
RNase inhibitor (20U, Ambion). The translated sample was diluted in lysis buffer (50

mM Tris-HCI, 150 mM NaCl, 1 mM EDTA, 1 % Triton X-100, pH 8.0) and added to 40 pl
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of anti-FLAG M2 agarose (Sigma), followed by incubation for 1 hour at 4 °C using a
rotary mixer. The anti-FLAG agarose was washed three times with 500 pl lysis buffer
and incubated with 100 pl of TBS containing 0.1 mg / ml of FLAG peptide for 1 hour at
4 °C. The supernatant was desalted with MicroSpin G-25 Column and amplified by
RT-PCR using C.therm. Polymerase One-Step RT-PCR System using prRT+ and prRT-
as primers. The amplified product was transcribed and ligated with hydrazide-linker for
the next round of screening. The amplified product of each screening round was
analyzed by 8 M urea 8 % PAGE using TBE running buffer at 65 °C and visualized after
staining by SYBR Green I.

Selective enrichment of the DNA encoding the His-tag sequence using PURESYSTEM
[23] was performed as follows. The mixture of the mRNA-linker ligation products (0.5
pmol of His-tag encoding molecule and 5 pmol of FLAG-tag encoding molecule) was
reacted with 50 pmol of 4-acetyl-phenylalanyl tRNAAsacya in 5 ul of 1 mM sodium
acetate (pH 5.2) for overnight at room temperature and the reaction product was
ethanol precipitated. The precipitated sample was translated in 3.13 pl reaction volume
of PURESYSTEM classic II (Post Genome Institute Co., Ltd.) for 15 min at 37 °C with
SUPERase-In RNase inhibitor. The translated sample was incubated in 50 ul of Ni-NTA
agarose suspended in wash buffer for 4 hour at 4 °C using a rotary mixer. The Ni-NTA
agarose was washed five times with 400 pl of wash buffer and eluted with 100 pl of
elution buffer. The eluted sample was desalted with MicroSpin G-25 Column and
amplified by RT-PCR using C.therm. Polymerase Two-Step RT-PCR System (Roche) and
KOD dash DNA polymerase (Toyobo) using prRT+ and prRT-FITC (fluorescein was
modified on the 5-terminus of prRT") as primers. The amplified product was analyzed

by 8 M urea 8 % PAGE using TBE running buffer at 65 °C and visualized with
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fluorescence of FITC using a fluorescence imager.

Selective enrichment of the DNA encoding the FLAG-tag sequence using
PURESYSTEM was performed as follows. The mixture of the mRNA-linker ligation
products (0.5 pmol of FLAG-tag encoding molecule and 5 pmol of His-tag encoding
molecule) was reacted with 50 pmol of 4-acetyl-phenylalanyl tRNAAsncya in 5 ul of 1 mM
sodium acetate (pH 5.2) for overnight at room temperature and the reaction product
was ethanol precipitated. The precipitated sample was translated in 3.13 ul reaction
volume of PURESYSTEM classic II for 15 min at 37 °C with SUPERase-In RNase
inhibitor. The translated sample was diluted in TBS buffer and added to 40 ul of
anti-FLAG M2 agarose, followed by incubation for 4 hour at 4 °C using a rotary mixer.
The anti-FLAG M2 agarose was washed five times with 400 pl of TBS buffer and
incubated with 100 pl of Elution buffer (0.1 M glycine-HCl, pH3.5) for 10 min at room
temperature. The supernatant was desalted with MicroSpin G-25 Column and
amplified by RT-PCR using C.therm. Polymerase Two-Step RT-PCR System and KOD
dash DNA polymerase using prRT+ and prRT-FITC as primers. The amplified product
was analyzed by 8 M urea 8 % PAGE using TBE running buffer at 65 °C and visualized

with fluorescence of FITC using a fluorescence imager.

2.7 Detection of the mRNA-peptide fusion

5 pmol of mRNA-linker ligation product was reacted with 50 pmol of
4-acetyl-phenylalanyl tRNAAsncya in 0.1 M sodium acetate (pH 5.2) for overnight at
room temperature and the reaction product was ethanol precipitated. The precipitated

pellet was translated in 6.25 ul reaction volume of PURESYSTEM classic II for 30 min
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at 37 °C with SUPERase-In RNase inhibitor. The translation product was blotted to
PVDF-membrane after 15 % SDS-PAGE and labeled with anti-FLAG M2 monoclonal
antibody (Sigma) as primary antibody and Cy3-linked anti-mouse IgG (GE Healthcare)

as secondary antibody. Fluorescence of Cy3 was detected using a fluorescence imager.

3. Results and Discussions

3.1 Ligation between the mRNA and the hydrazide-linker

The connecting efficiency between the mRNA and the linker-molecule affects the
diversity of the library. Thus, various sophisticated procedures have been devised
[24-27]. In this report, we applied the Y-ligation method [25], which is the method of two
single-strands ligation in the presence of a double-stranded stem to make a stem-loop
structure in high efficiency. Because the transcripts were used as a phosphate donor
substrate and the DNA moiety of hydrazide-linker were used as an acceptor substrate
for T4 RNA ligase (Fig.2B), several modifications were required. First, transcription
must be performed with excessive AMP (for T7¢2.5 promoter, GMP for normal T7
promoter and SP6 promoter) to generate the monophosphate at the 5-terminus of the
transcript and a riboadenosine must be attached to the 3’-terminus of the DNA moiety
of hydrazide-linker by terminal deoxyribonucleotidyl transferase to be recognized by T4
RNA ligase (Fig.2B) [28]. Unless these modifications were performed, the ligated
product was hardly observed (data not shown). Second, since 3’-OH of the transcript can

be ligated with 5-monophosphate of itself, self-ligation of the transcript was occurred
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(Fig.3, lane 1-2). For blocking of the 3-OH of the transcript, the DNA oligomer prRT-
was hybridized to 3-terminus region of the transcript before ligation reaction (Fig.2B).
Self-ligation was effectively prevented (Fig.3, lane 4-5) and yield of desired product was
increased from 10 % to 90 % (Fig.3B, lane 1 and 4). This blocking method is simple and
effective compared with other methods (e.g., making 2’, 8-cyclic phosphate group by
self-cleavage of ribozyme placed at 3-terminus [29,30] or cleavage with deoxyribozyme
[31,32].). Third, it is reported that T4 RNA ligase does not prefer guanine residue as a
phosphate donor [33,34], but common promoters for in vitro transcription start the
transcription with guanine residue, which is located at 5’-terminus of transcripts and
act as phosphate donor in ligation reaction. Therefore, it is suspected that the
transcripts generated by guanine-initiation type promoter are not suitable for donor
substrate of T4 RNA ligase. Hence, We applied T7¢2.5 promoter, which initiates the
transcription with adenine residue [35], because adenine is better than guanine as a
donor substrate of T4 RNA ligase [33,34]. We compared the ligation efficiency of
transcripts generated by three kind of promoters; T7, SP6 and T7¢2.5. These promoters
generate the fixed triplet sequence at 5-terminus of the transcripts; GGG, GAA and
AGG respectively. The transcript by T7¢2.5 promoter gave the best efficiency of over
80 %. For SP6 and T7, the efficiency saturated at about 55 % and 20 %, respectively

(Fig.4).
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Fig. 2. Constructs of DNA and mRNA used in this study. (A) Construct of the model dsDNA.
(B) Constructs of mRNA and DNA-linker having hydrazide group and the complex in the
ligation reaction. T7¢2.5, T7¢2.5 promoter; clump, GC-rich sequence for hybridization to the
DNA-linker; ¢, T'7 gene 10 translation enhancer; SD, Shine-Dalgarno sequence; ATG or AUG,
initiation codon; TAG or UAG, amber stop codon; GFPN, N-terminus 10 amino acids of
Green Fluorescent Protein gene; 6x His, Histidine hexamer tag; FLAG, FLAG epitope tag,
TAA or UAA, ocher stop codon; RTP, hybridization region for RT-primer prRT-; FITC,

fluorescein isothiocyanate labeled to deoxythymidine.
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Fig. 3. Gel electrophoresis pattern of mRNA-linker ligation. The ligation products reacted
with or without prRT- DNA oligomer used as a blocker of the 3-end of mRNA were
electrophoresis on 8 M urea 8 % PAGE at 65 °C and were visualized with fluorescence of (A)
SYBR Green II and (B) FITC. Lane M: DNA ladder, Lane Y: ligation product, Lane L-
negative control, reaction product without DNA-linker, Lane E-: negative control, reaction
product without T4 RNA ligase. Mobility of the mRNA-linker and the self-ligation product of

mRNA are shown to be equivalent.
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Fig. 4. Time course of ligation reactions using three mRNAs transcribed by different
promoters. Filled circle, open circle and triangle are ligation product of mRNA transcribed

by T7¢2.5 promoter, normal T7 promoter and SP6 promoter, respectively.
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3.2 Aminoacylation of tRNA and conjugation between hydrazide-linker and
aminoacyl-tRNA

tRNAAsncys was acylated with 4-acetyl-L-phenylalanine using resin-immobilized
ribozyme and aminoacylation efficiency was analyzed using a streptavidin-dependent
gel-shift assay after biotinylation of the a-amino group of 4-acetyl-L-phenylalanine. The
efficiency was approximately 15 % in our procedure (Fig.5A).

The yield of conjugation between mRNA-linker-hydrazide and
4-acetyl-L-phenylalanyl tRNAAsrcua was estimated as follows. 7.5 pmol of
hydrazide-linker and 75 pmol of 4-acetyl-Li-phenylalanyl tRNAAsncya were incubated in
5 ul of 0.1 M sodium acetate (pH 5.2) for overnight at room temperature. The mixture
was mixed with equal volume of loading buffer (0.1 M sodium acetate, 8 M urea, 0.05 %
bromophenol blue, 0.05 % xylene cyanol, pH 5.0) and analyzed by 8 M urea 15 % PAGE
using 50 mM sodium acetate (pH 5.0) as a running buffer at 30 °C and visualized with
fluorescence of FITC and then visualized again after staining by SYBR Green II. The
yield of the conjugation was approximately 10 % because of 90 % of hydrazide-linker
was left without conjugation (Fig. 5B). This yield may be including the event of

hydrolysis of aminoacyl-tRNA that has been conjugated to hydrazide-linker.

29



(A) 1 2 3 4 5 (B)

SAv  + - + - - 1 2 3
aminoacylaton - - + + = = .
[t Sreeed Sl Svwotned ogpressnt T ;
SAv-Biotin-aa-tRNA == s s N b ] -=— [inker-aa-tRNA

-a— aa-tRNA/tRNA

-~ -=—Linker

Fig.5 Aminoacylation of tRNAAsncua and conjugation between aminoacyleted tRNAAsncya
and  hydrazide-linker. (A) Amino acylation of tRNAAsscys analyzed by
streptavidin-dependent gel-shift assay. Approximately 15 % of tRNA was aminoacylated
(Lane 3). Lane 1, tRNAAsncys in the presence of SAv; Lane 2 and 5, tRNAAsncya in the
absence of SAv; Lane 3, aminoacylated tRNA%sicua in the presence of SAv; Lane 4,
aminoacylated tRNAAsscua in the absence of SAv. (B) Conjugation between aminoacylated
tRNAAsngya and hydrazide-linker analyzed by acidic denatured PAGE. Approximately 10 %
of hydrazide-linker was conjugated with aminoacylated tRNA2sncua (Lane 2). Lane 1,
aminoacylated tRNA#sncya; Lane 2, conjugation product between aminoacylated tRNAAsncya

and hydrazide-linker; Lane 3, hydrazide-linker
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3.3 Selective enrichment analysis

We demonstrated a model selection experiment using a histidine-tag having high
affinity to Ni2*. The translation product displaying the His-tag peptide was screened
using a Ni-NTA agarose column. The bound sample was eluted and used as a template
for RT-PCR. As negative controls, the translation product without methionine that is
necessary to initiate translation and the translation product without modification of
4-acethyl-phenylalanine sup tRNA to the linker before translation were screened with
Ni-NTA agarose. The RT-PCR products were analyzed by electrophoresis and the
desired product with higher amount was confirmed than one of negative controls
generated by non-specific binding (Fig.6A).

Next, we performed enrichment experiments for the DNA mixture. It was achieved to
enrich the DNA encoding the His-tag sequence from a mixture containing an order of
magnitude excess of the other DNA encoding FLAG-tag sequence (Fig.2A) in three
rounds screening with Ni-NTA (Fig. 6B). Furthermore, enrichment of the DNA encoding
the FLAG-tag sequence from a mixture containing an order of magnitude excess of the
other DNA encoding His-tag sequence was also accomplished in single round screening
with anti-FLAG M2 antibody (Fig. 6B). Additionally, we also performed enrichment
experiments using another translation system (PURESYSTEM) and achieved the
enrichment of desired sequence (Fig. 6C). These results indicated that the enrichment
was not an artefact by nonspecific binding of displayed peptide but a fact by specific

binding of each peptide sequence.
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Fig. 6. Results of the selective enrichment experiment. (A) Result of RT-PCR after single-round
Ni-NTA screening of the mRNA-peptide fusion displaying 6x His-tag sequence. Left panel, RT-PCR of
the screened samples translated with or without methionine. Right panel, RT-PCR of the screened
samples translated using mRNA with or without modification of 4-acethyl-phenylalanyl tRNAAsagya
before translation. Lane M: DNA ladder, Lane PC: positive control using mRNA before translation as
template of RT-PCR. (B) Results of selective enrichment experiment for binary mixture: the FLAG-tag
displaying fusion molecule and the 6x His-tag displaying fusion molecule. Initial molar ratio of the
former to the latter is 87:13 for left panel and 17:83 for right panel. RT-PCR product at each screening
round was analyzed by electrophoresis. Left panel; screening with Ni-NTA column. Right panel;
screening with Anti-FLAG antibody column. (C) Results of selective enrichment experiment using
PURESYSTEM for binary mixture: the FLAG-tag displaying fusion molecule and the 6x His-tag
displaying fusion molecule. Initial molar ratio of the former to the latter is 76:24 for left panel and 6:94
for right panel. RT-PCR product at each screening round was analyzed by electrophoresis. Left panel;
screening with Ni-NTA column. Right panel; screening with Anti-FLAG antibody column.
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3.4 Detection of the mRNA-peptide fusion

The mRNA-linker ligation product encoding the FLAG peptide was translated and the
mRNA-peptide fusion product was analyzed by SDS-PAGE and western blotting.
Although the migration of the band caused by fusion formation was not detected on
SDS-PAGE (Fig. 7A), the fusion molecule was detected by the western blotting (Fig. 7B).
This low yield of the fusion formation was corresponding to relatively low efficiency of
the selective enrichment (Fig. 6B, C). The low yield (~10 %) of the
linker-aminoacyl-tRNA conjugate (Fig. 5B) affected directly the yield of the final
product. In general, non-natural amino acid possessing large side group was
incorporated into protein with relatively low efficiency. However, it is also reported that
incorporation efficiency was not dependent on size of side group but on its shape, and
the linear shape was appropriate [36]. In addition, non-natural amino acids possessing
relatively long side chain (BODIPY FL-X-aminophenylalanine [37] or
e-N-biotinyl-L-lysine [18,19,38]) were also successfully incorporated into the
polypeptide. The side chain of the amino acid used in this study was linear and did not
contain any large aromatic ring. However, since the side chain of the non-natural amino
acid used in this study was extraordinarily long, this amino acid may be difficult to be
incorporated into polypeptide or premature termination may be occur during peptide
chain elongation if this amino acid was incorporated. The linker length also must affect
the formation efficiency of the mRNA-peptide fusion. Therefore, experimental
optimization of the linker length will give better efficiency although the length of the

linker used in this study was optimized theoretically.
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Fig. 7. Detection of mRNA-peptide fusion. The mRNA-linker ligation product that encoded

FLAG peptide was translated and analyzed by the western blotting after SDS-PAGE
separation. The fusion molecule was detected by the fluorescence of the Cy3 labeled on the
secondary anti-body. (A) SDS-PAGE separation visualized by the fluorescence of FITC
labeled on the hydrazide-linker. (B) Western blotting analysis visualized by the fluorescence
of the Cy3 labeled on the secondary anti-body. The arrowhead and asterisk indicate the
fusion molecule and nonspecific band, respectively. Lane 1: mRNA-linker-hydrazide. Lane 2:
translated sample. Lane 3: proteinase K treated sample after translation. Lane 4: translated
sample incubated with unaminoacylated sup tRNA in place of aminoacyl-sup tRNA before

translation. Lane 5: translated sample without mRNA template.

3.5 Conclusion

We have developed a new method to prepare an mRNA-peptide fusion molecule
covalently linked via N-terminus during in vitro translation. Because this fusion
molecule displays the C-terminus of the peptide, it makes it possible to selection of the
peptides for which function the C-terminus is essential. And also because this fused
molecule has the free 3’-terminus of mRNA, it would make it possible to select an RNA

replicase of de novo initiation-type.
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And because a stop codon is inserted near downstream of the initiation codon, the
translation reaction terminates just after initiation unless the sup tRNA is incorporated.
Therefore unfused peptides that must compete with the fused peptides are never
generated. Furthermore, this system is able to work even if the mRNA contains a
termination codon. This method may be extended to the fusion formation linked at any
position of protein by changing the position of amber codon that corresponds to the
incorporation site of the linked aminoacyl sup tRNA. Thus, it may be possible that
displaying the protein which having free terminus at both end and that arbitrary

selection of the linking point on the protein according to its structure.
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Chapter 1I

Development of a novel combinatorial method
to make high quality peptide libraries
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1. Introduction

T, 77 —=UF 4 27 A[14] RURY—=LF 4 ZF L A5, LT in vitro virus
EFEOEACE AE T2 O T B RENE 5y T O FEAMEN /RSN TE TWD, BriisRerE
DFEERT LRI, AT A2 V—=0 THEIRE T4 7T ) —DEITKE KFF
T5, BELEAE LFTHOONDUMH DNA 74 77 U —ICikbMLELE SNOMEEITA b
vy 7 a RUOHRTH DL, 7477V —HIZA My T a RUBFEET D L. FIRO R
RIS S, ZO/RE, BT F RRZHFEEL, REIOHi> TWRNATF R
TATZIYVDERESND, WIIHLEEINDHDIX, T4 77V —HD7T I/ BEHEKD &
Wb TH D, 7 BERANIZERZRY 2 <RET D803 79477V —07 X/ i
W2, EERWRYDBBELRZNWEDICTOIMERD D, 612, ANETOHES T2 &
2T A4 770 —07 X ) BHRERET 22 LIk o T, JARART X BRELYIZE M % %)
RESRRT DLW REL 20 | EALEBROIFM ORISR 5, BT o HhT
477 ) —(NNN)n(N=A/T/GIC) DH£. 30 7 2 /AR EORSICR D LHEICA Ly T
A RCPFEAETD, T, A FCOMEREERE L TWRWR, 7 X/ BRHEEIZRY 234ET
Do XX, TNHOMBEE RS 28I x DT 477 U —{ERIEDHFE SN TE T
%o fER. b BHICHNONTNET A 7T U —ZONNKn # L < IZ(NNSn(K=T/G,
S=G/C)T&H 5[4,6,7], LrL ZNHIFA by 7 a R TAA ZHRTETRHLT, 7 /%
FHRRER T O B B AR,

A2 by FaRraPRT oL &b, 7 X BHBAORIES ATRER T A 7T U —1ERIED 2
BIRE SNTWD, TD1DE, RAZ 407 IXA DO MY ~—% 207 2 /4y 20 ff
BRLIESDEMNTIAT T 2T DN I XTI VATF R4 A7 40T IXA b
(3NPe)IETH 5[8,9,10,16], 20 DO MV 7 I XA A NDZ & TT X/ B OHIEIE
FFEERICATRETH L0, I T IXA MW FERRHELH VDI MNERH S, NI T
XA MRIEITHR SN TWDD, EfliCTH Y | ISR HIRN O HMECT D, 2
AOFEE, ava—47nr T Ml THMET DT I/ BRE EHT 5 L5
3 R OFIED ATGC ezt L, #iRED CRImICT 74 =7 4 2 7 2ffo L o1
AR L=94 7Y —% mRNAdisplay THL L7y ard5Z&llkoTA Ny S
RCEBATDHIAT 7V —%HRT 2L 0I HIETHDH12], 7 I B O KL O,
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A by 7 a RrOPREBET 2 HLERBENR, AlE 1 74 TITH 72, &RitoAam
FEXZg Em< 2o,

FITIAT TV —2AFT 2 L THRAT LI ZNOOMBEERIRT 5410, —MKpyeaEE
LEE D DNA AHED A TREIdE e DNA 74 77 U —O/ERINAIRE R FIEE B R LT,
MLSDS(Multi-Line Split DNA Synthesis)ik & 44 1F Hi7c ZOFEZ, T F RORT
U v bERE DNA GRUCIEH LIz b O T, BV T2 E R H oD, 2 R L)L To
7 X BB ORI 2 FRE T S [11-15],

FVHEREZ AT 5 REAE OV T 2/ RIT 300a.afBETho, L Lidsh DNA
DALFERIE 100base FEEEMERFFRATH D, LV @mWEEREZ b OB HE &2 H#(bric
BF51iE, BEVWORF #Ff>DNA 7477 —2 BT 2 MERH D, £ 2 THERREEH
DEMEDNA 74 77V —% 4L, TNEEMETHZLICL o TRETA T T Y —%AF
B2, FEDNA 7477 ) —Chalifb L= 7 2 BB & RS %113, Bkick - T
TAT 7V —0a Rr7 b—AROHRF AR D bR WERTFIELZREH L il s

AT

2. Materials and method

2-1 MLSDS &5%

ETHERTA L TRIST 2 a Fra=y & LIEET OB T 5, IRICEGR T A D
BREMEZRG L, BOETA VICHE, TOBREERT A v TaRra=y M 1k
TOBML., ARENZHCRS - DT 2, U LOBELHRYIRTZ LICE > TRHEHT
REBRDTFEFMEEET DT VL LDNATA T T ) —5AE T 5, Fa Frazmy FOF
1,55 2.5 SHEED G DS, HAaMSI L7 ATGC 7 I XA b v 7 AZHNER, £7 2
A KNI v 7 A0 ATGC IBRAWEBIET D2 LICL o TIA T TV —HO7T I /BB
EZza RUVBMTary br—A325 2 LRHkD, EoT, 477 —nhbfklka K
EYERRT D ZENARETH D b, TV BOGHEREHBHRICEIETHZ ERTRETH S,
Flo, aRra=y FOFEED ATGC RAHEZF E LT ERAMY A 7 0% 3 T4
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T 10 [T 5 72858 D3 S RRMEIX, (49)10X 310 = 6.8X 1022 L 720 +437e 4 A /N—2T ¢
HIFD Z ERHKD, BT A > 3 TMLSDS &k & 1T - =56 O K % Fig.2-1 1277~ 7,
RIKAFIET D ERREBE B OHE T 2 7 Bk % £ 27 1 7 ) —"MLSDS Natural”,
VATAVDEREFRE %L L7747 7Y —"MLSDS NoCys”% &k L7z, EED
MLSDS Aflx DNA A StHcZGt Lis, 3 74 VOA/RKY A 7 V% 15 AT 572, %7
A Y DERAT = E 1 M TiT o7z, BFNEZLLFOEY Th 5, 5-GAT GAG GCG AAG
ACG NAC TGS (a1asas/B 1 BoBslyiveys)X15 NAC TGS GAG GCT GGC TGC

CAC-3, Z ZTNMA/T/G/C),S(G/C), a123, B123, vi123i%Fig2.11ZET 5,
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Line-1

:] - DNA Synthesizer

Q : cP6

s, BiBaBs, mirers . triplet codons

Line-2

Line-3

Synthesys
of codons

Mix & Split

a c!':20!30 a 04'20.'30 &10-’2'130

BiB2B3 Q) B1B28: Q) BiB283s Q)

Tl?’z?’so 14 ?’z?’so Ti Tz?’so

¢ * * Elongation

o QO3 Oy Ct‘zﬁ‘so B1B2B3 &‘zﬂ‘so 18R £1E) ﬂ'tﬂ-’za’ao
0102033132330 3132333132330 7’1?’2?’33132330
o003 1 ?’2?’30 BiBaBa Tz?’so TiY2YaT 7’27’30

Mix & Split

@003 G'la'za'so
10203818283 Q)
Q0037 Yﬂ’ao
B1B2B3 10205
B1B2B3B1828: Q)
BiB2Bs1i1273Q)
rirars 0-’10'20!30
117273B1828: Q)

nrrsnrrQ

@003 G’la'z&'so
10203818283 Q)
0003 T Tﬂ’zo
B1B2B3 210205
B1B2B3B1B28: Q)
BiBBy1i1273Q
rirars Otlafzaso
117273B1828: Q)
nnrnnrsQ)

10003 0'1&'2030
1020381828 Q)
Q2037 ?’2?’30
B1B2B3 012205
B1B2B3B1B28: Q)
BiBBs 11273 Q)
rirars Oflﬂfzaso
117273B1B28: Q)
nraranrrQ

A

T

‘G

:C

X1
X5
Xo
X13

X17:

X21

Xas:
X29:
X33:

1 X2
X6
X0
X4
X1s:
tX22:
X26:
Xso0:
X34:

1 X3
X7
Xi1:
X15:
1 X20
Xz3:
X27:
1 Xa2
X35:

X19

X31

1 X4
1 Xs

X12
X16

X24
X28

X36

Fig.2-1

v

v

Repetition

BT A v~ 83 TH MLSDS &
o,B,y 3% 2DNALERAZ R LTEY, A4 Lz ATGCIREHLEFRET D,

+ Elongation

43




2-2 MLSDS @b 7= U X A

KTATT7 V=0 ATGC 7 I XA b v 7 AOHIIRA Xi(=1,2,3,... n)IT&E 7T v
Y X A(GAE AV TRGELT 5. = =T, n=4(AT,G,C) X 3(nucleotides composed single
codon) X L(synthesis line) T®H 5, Xi DREIRITIERIEIEL E 2 B HD7-$10,1,2,3,4,5) DI
e L, BEET I /BB pe & RXGTT X EHAAR p T OFH BAGR S Flx] 2 FEM RS % & 3 5,

21 21
21p, 'p_z Pr.i Z P;
i1 i1

J21p, 2 -1)21p? 1)
p:(pl’ Pas Pzs--s p21):<pAIa’ pArg’ Pasns s pTerm)
» Pr :(pT1’ Pr2s Pras-s pT21):(pTAIa’ pTArg » Proasns pTTerm)

F[x]=

L=3 ® & X, pi=EAla/GCN)IFIR TR I D,

0t { X% . X . X% }
3|+ 4% %06 % +% +3) (45X XX 47X+ K9] (XosHXog X7 XogXog X0+ X1+ X))

ZOXaD L ELT D T2, BT LT Y XhEHANWD, T3 ) X AOERFIE,
1. Xn%k 7 U F DIERT D, 2. BIEMRE OMBREAR LT 5, 3. MEAGRKOS
WXnlIZRFE - EREINA D, i bHBREZ SV S DIXZDOF FRENRA~B T, 212K D,
ZOBEEEEY KT Z L2 L 0 XnE i kT 5 (Fig.2-2), DNAGKIZBIT S 7+ A7 + 1
T IHA NOMEEIS 1T ENZD X 0.5% DS THE U 5 H /K K(rational deletion)iZ X %
TL—Lv7 hHEEICAND, FrS T 7Y 7 MiZMathematica® ver4.0 (Wolfram

Reserch) Zff [ L 7=,
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— Sub rutine

Input parameters
Target amino acids composition

Pr= (P11, Pr2/Pr5s 1 Pr2y)
Line numbers

L
l (Get Function F(x) |

\

Optimizing

| Generate the initial population |

4

| Evaluate Fitness F(x)

\

GA operator
Crossover and Mutation

Elite
\4

| Evaluate Fitness F(x)

\

Obtain solutions
Final Fitness F (x°pt)
Designed amino acid composition
P= {p1 fpgfp;;/-v-fpg_:)

Fig.2-2 Xn ik 7L 23U XAD 7 1 —F v — k
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2-3 ECB\ARAT

“MLSDS Natural” “MLSDS No Cys" % * 7 A4 < —
prMLSDSSTOP+(5-TAAATAGATGAGGCGAAGACG-3),
prMLSDSSTOP-(5-TGATTAATTAGTGGCAGCCAGCCTC-3), & (¥ KOD Dash DNA
Polymerase (TOYOBO) # fi\»C PCR L7z,

PCR %) % TOPO TA Cloning® Kit (Invitrogen)Z W T/ n—= 7L &Hbhizan
=—=nb 77 AI Faflit, M13 Forword(-20)7 7 A ~—% W CESIfIT L 7=, 77 A

I RO, BV IZ S — 7 o A FES IR L T2,

24 5477V —DEHIL

B DNA T A 77V —%2 5% . DNAKRY A7 —BZHWT AT 5, ZAHDNA
% il FREESR CUIWT L. YIWiKT i 2 T4 DNA Ligase 2 H\\CGEAET 5, LI EOBEEEZ#RD K
T2 L2 XV R DNA #1FRT 5, ZORSULFEIL Jack W. Szostak b HERH LTV D
[12], %81 DNA 74 77 UV —& KOS, 7 & AfERO ETFHEIC 2 T O classTS iR
W58 DFRGREAAL & IR, K OVR Y AT —BMERICDOED T 7 4 I v VEH Z BT
Do 4 & OfIMREERIC X 2 G LA SR 72T 22 U, 28 i [ 2% Watson-Crick x5
TLHMTRINERBR0, BHRmTHE L, BERTLHZLT, a Fr7L—ALH
HRGmZHETE 5, £/, KU AT —BMELOS & HIRBEROCE WD Z L2k,
7T A X7 EAN S OVHIBREE R R 2 £ 72y DNA SR TERREMZHRT 5 2
EDR D, GO A 2 RO HIREE SR I K 5 28R AY Watoson-Click %453 2 B4
TRITFIURZR S0, IREEEEZEGT 2 DO RUESIOHIZZEHES ZilET 5 Z &
Ko TUERERICHDFFEDT I/ Ea— FT 53 RUPRBEELRNEHIZT D, class
IS HIREESR & LT Bbs1 & Bbvl 8 L7256 ORSIGI % Fig2-2 [ZR3, Jed ki
R OHE 2 V7§ % class LS il [REESE O %I 72 & OFESE & FWTHED 220l BsmAl
& BsmBl1), FEiME#G7=9%8 DNA 7477 U — %Gk, AY A7 —BHEKE
TR T 5, AL L7 DNA 74 77V —% 2 FEOHIREESE Thl % IZBUG S+,
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# & OB A IR %4 T4 DNA Ligase CHlf9™ %, @5 FEY & FF OVHIBREE R T L, T4
DNA Ligase CTiE#fEd 5, ZORIGY A 7 NV EEVIRTZ LIZL->T, KEHDNA 1477
U —z&E % (Fig.2-3),

FBEFR PR e OS5 ORE R 351 IR 100% TR WDO T, KIS A 7 V& #0 K
T LRV T 5, L L, T4 DNA Ligase )G#IZ84 45721 PCR T
WiES 2 2 Lok v, B B30 F 2RO AT 5 Z LR ARETH D,

“Natural”, “No Cys” # 7 7 A ~ — prRD15+(5-GAGGCGAAGACGNACTG-3,
N=A/T/G/C), prRD15-(5-GTGGCAGCCAGCCTC-3). KOD Dash DNA Polymerase
(TOYOBO) # A\»C PCR L7z, PCR EW% ilBREE#% Bbs1 (TAKARA)E L <X Bbvl
(TAKARA) T 37°C T 2~8 WAL+ %, Bbs I3 X0 Bbv I TUJK L7= DNA Wi/ % T4
DNA Ligase(TAKARA) C 16 CC—HiAf > F a2~ L TIA F—varLiz, 77—
2 VEME10%RY T 7 UL I RS LTI L, 7714 ~—& L TprRD15+, prRD15-,
PCR fi##!% KOD Dash DNA Polymerase (TOYOBO) % fi\)T PCR THiIE L 7=, HiIEE
W% B O, HIPREESE Bbs1 ., Bbv1 CWLELL, GIKiH /T % T4 DNA Ligase CTiifli3 2 #fF
RO IRTZEICE T4 77 —DRENEITo T,
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Bbs| DA Bbs1 WIBTERAL Bbv | BT ER{ Bov | DEER

5'—-GAT GAG GC |G AAG AC|G NAC TGS €123/456/789)x 15 NIAC TG 5 GAG GCT G|GC TGC | CACG—3’
3'-CTACGTC CG[C TTCTG|C NTG AC[S _ _, NTG AG|S CTC CGA C|CG ACG|GTG5’

VLTS CE

Fig.2-2 48 DNA 7 A 7 7 U —E5I4]
HAE OFLSI"NAC TGS (N=A/T/G/C, S=G/C)iZ Asn,Asp,His, Tyr &% O* Cys,Trp & =
— RKLTW5,

Bbv 1 8bs |
5 o Uk ARt YINFARL OHA WAL Bk 37
—_— = I
3'<=ﬁgm: > < Z ¥ L LSOS A RE) ik > WE
Bbs I Bbv 1
I \
5' > g a’
— [
3= 5’ 3 5
le-DNAIJgase
e = e
3’ 5
Bbs I Bbv [
4 \
5 3’ 5" a’
— I }=== S - g5°
3 5 3
le-DNALigase

Following repetition

Fig.2-3 Hl[REAZLERIEIC L 2 DNA 74 75 U —DRE#H1k
classIIS #IfRE#E & LT Bbs1 & Bbv1 #2854
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3. Results and discussions
3-1 9475V —DRHKOERK
3-1-1 “MLSDS Natural”

SRR L DT VT I BEE 0T A 7T U = bl E BT D Z & T HRE
EAETOEABEEDRIS /LI ENHKD EEZOND, £ 2T, RRICHEET HERR

BEHEOVET R BHRE T4 77 U — %R LT, ATGC IEA DR AAE L
LT LAy 7 a Frodlk, 2. RKITHFET 2EREQEOFE T I/ BiEk(17] i<
{2, 3.rational deletion |2 &% 7 L — AL 7 NMEDT X/ AR DO EE L F/MED 3 Sl %
729 X DA T A > 3 O MLSDS {EIC -3 & IR AL Xn % i1k L 7= (Table.3-1),
Bl blE, RROERRE QB OFHT X/ Bkiak(Table.3-2, “Target composition”){Z%f 3
% FAPAER S 2 A BT ] L @B 7 L 2 ) XAz VT o 72, REIICE Sz
FERL O B EERARL & OABBIFREIT. rational deletion |2 X % point deletion % & & L 72\ 5
£ 0.93, BELIZEE 0.99 & 720 EFITEVITBIRLS 2155 2 Lk, k7 </
FEtHA & BAET X/ WefiRk % Table.3-2 12, ZTivb Dk A N 77 L% Fig.3-1 127”77, Point
deletion ZZE L 72WEAITA ~y 73 RA(TERMO B Z 0%IZH12 2 2 L2 LT
W%, Point deletion 238/E L7256 bR BROHA Z RE S FHF LR A by
a R DFAERZ H/NRIZI ATV D,

Table.3-1

“MLSDS Natural”®
ATGC RA L

D] A T

a
a2
a3
B1
B2
B3
14!

T2
Y3

CRERWOONNEM
Do.n-mmmmomm
CRERN—=NNO —w o

mm.p-oomoo—n—w'::
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Table.3-2 Amino acids composition designed for “MLSDS Natural”

=
© >| > — 0l = S — ol o o c c —_ (] [ n|l R o
= | S| N8| F|lS|la|ls| sl o=l X=2| =
| O|aJ|lwn|J>20|lF|g|<|a|=|<<|O|F|alO|T|=|+ L||_J
Designed
composition mlnlo|ld|lg|~N|S|w|ldlw|~sS|o|lo|lolo|lo|lo|~| S| O
( ! Ni~N|ld|lol|N|d|fF|o|d|/w|Oo|~N|[ad[/ad|N|O|S|N|W0O|S
neglecting point ol~NM|t|o|lOol~NMO|lO|B|TFT| ||| TF|TFT|O|O|m|d| |0
deletions [%]
Designed
composition olwlololr|rM|la|lM|N|lo|lOo|w|lo|lo|lold|la|ld|lo|©|®
) i N WK h|lolw| olo|d|ld|d|BV]|e|~K|lo|T||0|@|1|®
regarding point O N|lo|IN|lo|N|d|w|w|JF|F|F|F|d|d|d|a|a|d]| |0
deletion [%]
iti olo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o]|o
Targetcomposition | 5 | |p|d || |||~ |lec|le|F|a|v|lv|la|la|l=|a|a
[%] O NIN|IN|IN|o|d|lo|w|F|F|F|F|d|d|od|a|a|d]| |0

Amino acids composition designed for "MLSDS Natural”

10%

8% ] O Target composition
- ’ (T m Designed (neglecting point deletion)
Q 6% f m Designed (regarding point deletion)
2 i1
ol A1 00 O R O R A
L

IIIIII‘IIlI

00p U s i |

Ala Gly Leu Ser Lys Val Glu Thr Asp Arg Pro lle Asn GIn Tyr Phe Cys His Met TrpTERM
Amino acids (TERM = stop codon)

Correlation Coefficient (Designed (neglecting point deletion)) vs. Target = 0.93
Correlation Coefficient (Designed (regarding point deletion)) vs. Target = 0.99

Fig.3-1 “MLSDS Natural” |23 2 BIET 2/ BEHHR L Ol 72 ATGCIR B I L > TE»ND T 2
J TERE R

Point deletion % &8 L 72 \W i b 7 2/ BERLR O B EERL I & 2 fHESF% %% 0.93,

Point deletion % FH%IC A= &ELT 2/ B D BAER A %4 2 FE BEfFR %L 0.99,
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=D

Table.3-1 OFAKIZ T, MLSDS DALY A 7 v% 15 [ETV, il A il REESE L &
PCR 7' 7 A X v Vil A &1 T & LEIK 45base(15a.a.), #E T o & LAGHIK 6base(2a.a.),
2R 8Tbase D7 A 77 U —%ER LT,

BHEY b1 > TNy —r 7 Ui, T4.5% 0 5Ea RS T, B base AL & *
> TREMMEZ 5 cluster deletion Z & e 7L 2.0% TdH - 7-(Table.3-3), 7EEKAC
¥, point deletion Z & TellH, > —4 L L= REAIOT I J EfRk % Table.3-4,
Fig.3-2 (27”1,

cluster deletion X insertion %, ATGC DL DOERIZFHRIZ AL T ZRNER I AN
HAELTWAIZHLEDLLT, =7y 7 LieefdNc k57 I/ BMkIcKE 2 XL
IFTFEA L TV o7z, point deletion Z FLeESI DT X/ EEFHAL, MOV —F v 7L
e REHNIOT I RO, FEERRSNOT I ALK 5B EIT & £ 0.998 &
0.966 TH VY, FMEDO ETHL 7 L—Av 7 MIEDT I B A~ORBEZMZ 5 Z L1k
L TWDZ ERERTX 5

Table.3-3
“MLSDS Natural”s—74 o A fE 5
Number of
samples
Complete 38 (74.5%)
sequence
Imer deletion 7 (14%)
2mer deletion 3 (5.9%)
3mer deletion 2 (3.9%)
cluster deletion 1(2.0%)
lmer insertion 0 (0.0%)
total 51

51



Table.3-4 Amino acids composition of synthesized “MLSDS Natural”

=
© >N S| 5|l wnw|=|S|=| & ol o cClc|l =0V n|lv| o
= = () S|l=|<| n = = | O 0| —= > > = Q o
<03w_|>’>0|—<<0.—<0|—g_012|—1|1__1
< N~
onycomplete | I 15219195 5|3 8|Y(¢|5|2[S]8¢|R[8]8|8
sequences[%] | I |d| | b | S| |0 |B|d|d || |@|d|F|SF|N|A]A]| A0
Completeandsingle | =4 | © | o | 4| 4| 0|0 |w|d|w|o|la|lw| v |o|lw| v|o|ao|a|o
deletioned ) wlolo|lm|d|lolvM|~K|d|I~N N ~N|IN|S|O|WO|S
sequences[%]S:m'\“o“o‘o*'\v”mm”mm‘\'ﬂﬁﬁo
S IQ|w|lo|lvg|lv|v|olo|ld|ly|ST|o|w|lo|lolo|d|d|n|m
All sequences [%] oSl |t |INO|dA S| ~N|NINMN|OQ|lO|N|[O|O|
S ld|o|N|o|o|o|f|S|v|d|F|d|ad|d|F|a|d|d|a]|S
Amino acids composition of synthesized "MLSDS Natural”
16% @ Synthesized (complete sequences)
14% m Synthesized (complete sequences plus sequenses with point deletion)
12% O Synthesized (all sequenses)
0, H
§~ 10%
o 8% H
S 69
8 6% H
L 4% H
2% H
0% *

Ala Gly Leu Ser Lys Val Glu Thr Asp Arg Pro lle Asn GIn Tyr Phe Cys His Met TrpTERM
Amino acids (TERM = stop codon)

Correlation Coefficient (Sequences with point deletion vs. Complete sequences) = 0.998
Correlation Coefficient (All sequences vs. Complete sequences) = 0.966

Fig.3-2 & A“MLSDS Natural” |28} 2 AT 7 — D%
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BT AT TV =07 I MR, by I B, BAET I EBHEEE T Lz
A NT T L% Fig.3-3 \ZRT, se2RAES, point deletion Z & iefidsl, v —47 v v 7L
TeRESNOT I 7 BB TIZIB W T, BREHEA & OMBIRED 0.9~0.91 & EVMEE R L
Too FARAHRI K9 2 MHBEMR D 0.85~0.91 & mVMEZ R LT,

MLSDS (I = KB CTORIEHZTT> T\ D, o T, ARED QTR ITRE Lk Lz =
R & BREM D 2 R A A T 5 REThH D, AT A 77V —D = RUHK
EopE b RO EZ WL L7 A N7 T A% Fig.3-4 [T, 522 KALS, point deletion
Bateliddl, v—r v Lo a RO TIZE W T, &atkak & 0Btk
A 092 EEWEEZRL, 2 RUBEALTORIEIZHRZ L TN D 2 EBbh s,
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A Amino acids composition of synthesized "MLSDS Natural”
(complete sequences)
16% |
iggﬁ” i O Target composition
> 100/2 'm [ m Designed (neglicting point deletion)
§ 8% i @ Synthesized
S 6% | |
T 4%
L
LAEIEAT AT i
2% I (65 (WL L
Ala Gly Leu Ser Lys Val Glu Thr Asp Arg Pro lle Asn GIn Tyr Phe Cys His Met TrpTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.90
Correlation Coefficient (Svynthesized vs. Taraet) = 0.85
B Amino acids composition of synthesized "MLSDS Natural"
(cmplete sequenses plus sequences with point deletion)
14% |
12% | O Target composition
- 10% | m Designed (regarding point deletion)
S 8% @ Synthesized
S 6%
o
L 4%
2%
0%
Ala Gly Leu Ser Lys Val Glu Thr Asp Arg Pro lle AsnGIn Tyr Phe Cys His Met TrpTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.91
Correlation Coefficient (Synthesized vs. Taraet) = 0.91
C Amino acids composition of synthesized "MLSDS Natural"
(all sequences)
14% |
12% O Target composition
> 10% m Designed (regarding point deletion)
% 8% @ Synthesized
S 6%
o
L 4%
1
0%
Ala Gly Leu Ser Lys Val Glu Thr Asp Arg Pro lle Asn GIn Tyr Phe Cys His Met TrpTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.90
Correlation Coefficient (Synthesized vs. Target) = 0.90

Fig.3-3 &A’MLSDS Natural”’Z « 7' F ) —D7 2 J M. KR OR#E(L, BT I BB
A. Point deletion #EZE 2N\ T A 7 F V—DAHDOIRT I /B, & O Point deletion %35 [ L 72 W {7 2

B.

JWERER & BEET X 7 BBHERR, B LA A% OY B ESREARICXE9~ 5 F2 ] 7 X 2 BRI 4 4 0.90, 0.85,

Point deletion IZ XL W 7 L—AL 37 b L7ZRERELND T 2/ WAL & & T ZRKHEL . K OF Point deletion %35
JE L7 kT X/ BpkRk & BAE T X BefERk, S bR OB ESEEIC )9 2 27 I BBEAR L& &
0.91, 0.91,

BEFRE L7222 CORSINSEH LT X/ Eflak, & Point deletion %358 L=k 7 X / BEkAAL & A
BT X ERMRR, Fom bRk M OB AR AR 9~ 2 FEHI 7 2 BEREER 1345 4 0.90, 0.90,
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Codon composition of "MLSDS Natural" (complete seqeunces)

12%
10% }l:l Synthesized m Designed }
8%
>
0,
g % I i
2 4%
o
i lfid sl i
0% \grﬂﬁ\ﬁ\\ :III II : III f . W= il i / \ﬁ\\r:l\\\
oloEloELE ROk ol FlooEo<EOKO<E LRI 0OEL K BOEIOLSI0RIC 00O ERIKIEOOK O
<l [< | |O 0] <z EEFIFIEEIE FEo OOOO00|0L S
SOREGEFRSSEBRIBRSSS<<<FFollbbEEFBRRIB<LRFRR R FForborER
N|D|C|Q|E G H | L K M| F P S T Y \ stop
Asn|Asp|Cys|GIn|Glu| Gly |His| lle Leu LysMetPhel Pro Ser Thr TrpTyr| Val |STOP
ODO
Codons
Correlation Coefficient (Synthesized vs. Designed) = 0.92
Codon composition of "MLSDS Natural" (complete sequences plus sequences with point deletion)

10%

8% }DSynthesized m Designed ‘

6%

>

2

S 4% ﬂ
g

2%

0% =alll [ Al
O|<|o|0 =0 < |=|ovlo =0 Ik [F|0l0 I = oloo|= o< |F|olo|< (o<
= oo Cl)SliSls)e1s] 8} << = ===
Oifx'::"f—S08‘8<2|—f—8|—§:’<229'—50050559

L K M| F P S T WY \ stop
Leu LysMetPhe| Pro Ser Thr TrpTyr| Val |STOP
OoDO
Codons
Correlation Coefficient (Synthesized vs. Designed) = 0.92
C Codon composition of "MLSDS Natural" (complete seqeunces)

12%

10% }DSynthesized ® Designed }

8% }—

>
g o 11'
3 4% R
o
£ o qﬁ
0% ﬁm_‘ | ﬂ ) wﬂﬁ.‘ﬂﬂi Fn gl U, ) | ﬁ‘ AW=n
0Ol<|loloE R olo= ol EoogHoooELKEBLOK
= o OOIO|O0|0|G|O <<|< |- = = =
'6031(2('E"'—808‘8<2‘|—'—8‘|—2<229'—5005055‘9
A R N|D|C|Q|E G H | L K M| F P S T Y \ stop
Ala Arg Asn|Asp|Cys|GIn|Glu| Gly |His| lle Leu LysVietPhel Pro Ser Thr TrpTyr| Val |STOP
OoDO

Codons

Correlation Coefficient (Synthesized vs. Designed) = 0.92

Fig.3-4 & p"MLSDS Natural’Z 1 77 U —d = FUffpk, L OUR#EL 2 Rk

A.

B.

point deletion #Z £\ T A 77V —DHDFER 2 R4 E | point deletion &5 L 720>
e = N AR, Bam LRI 6T 5 35 = KRRk O A BIEREU X 0.92,

point deletion |2 XV 7 L— A7 b LIRERG BN D 2 R UMRAE & T IR, & O point
deletion Z& & L7 ik = N kAR, Sl bR x5 2l 2 R ki ak O FE BRE0E 0.92,
BLARE L7222 CORSIMNBHEI Lza RUFEk L. point deletion % %8 L 7=k = K
A%, BRI 632 3407 2 BRHLAL O FE BEAREE 0.92.
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3-1-2  “MLSDS-No Cys”

BEHEN, BEREMTYALVT 4 FiEGEKT 5 Cys DEAREEET 22 L1132, EA
BaTYA 32 ETHREN, Y27 4 FiEGE R WBEEM S+ b (L TR
BJoinTnas(18l, 22T, Cys DERERE %L LT 477U —%2{Ef L7, ATGC IR
ABleoEmEbStEE LT LA My 7 a RUogkkR, 2. Cys OHEBLER 0%, 3. Cys 2 < 19
FET 2/ WO HBRE Y%A, 4.rational deletion (2L 25 7 L—AT 7 MEDT I/ BEFK
D w i/ IMED 4 /M 22T X D IZEK T A > 3 D MLSDS {EIZ A5 IR & 1 Xn
% il L7-(Table.3-5), #xiifkiE. Table.3-6, “Target composition”{Z %4 5 FH AR %L %
FEMBE SIS L2\ E T L Y XA E AW T T o2, RAERANCHE S Lz o HEEA
Bk & OFABAFREIE. rational deletion |Z X 5 point deletion % %5 & L 72\ 54 0.93, %E
L7=%E 0.99 &7 0 IERITEm VI RSN 2155 2 L kT, fii b7 X /7 iRk & B %
7 2/ EEfHEL % Table.3-6 (2, £NH Dt A N7 T A% Fig.3-5 IZ7~x7, Point deletion %
ZELZ2WGSIETA Ny 73 F(TERMOHEBLZ 0%I12812 5 Z & I2E LT %, Point
deletion 234 L7258 b EERDOHAM Z KES FHFT 2L R A My T a FUoR/Ae
R/ NRIZEHZ TWD

Table.3-5

“MLSDS No Cys”®

ATGC i Ak
ID| A:T:G:C
a1 2:0:3:3
@z 3:0:0:1
a3 5:3:0:0
Bi| 5:4:4:0
B2| 0:3:3:1
B3| 0:0:1:0
T 2:3:1:1
Y21 5:5:0:3
Y3 0:2:0:5
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Table.3-6 Amino acids composition designed for “MLSDS No Cys”

=
[0 olc| Q| V| c| S>> w S|l Qo s5l=lalsls
=Sl alal>XN=lsI5=2 o0 XL cjsjolc|ls X8|
| <|<|<|O|O|O|O|IT|=|a|0|=|a|la|ln|F|F]|F]> L||_J
Designed
composition o |lo|ld|lw|lolo|lo|lolw|lo|lom|ld|log|lo|ldn|o|ldad|lo|lo|m]|o
( ! © | f|o|lm| || |F|M|o|qd|lo|f|T|N|~N|d|[SF|F|N|S
neglecting point W | v ol ol W|g|lW O|lo|O|wWw| W|SF|F|O|F|W|©| O
deletions [%]
Designed
composition N |lolg|d|lo|a~|lolrlo|lo|lg|F|gdlnN|S Nl og]o]|
) i o|lS|o|l~N|KN|O|d|O|jlo|d|lm|b|ld|co|lm|o||m|0|®O]| !B
regarding point W | w o|f|o|lVW| v V| JF|F|O|F| V|V |F| V|| SF|F|w0]|O
deletion [%]
it o |lo|lo|low|lo|lw|lo|lw|low|lo|low|lo|ow|lw|ow|w|o|w|o]|©]|oO
Targetcomposition | § |8 | |N | |N|N|S|Q|d| Q| Q| |l Q| QS
[%] W | Vv V| vloW| V| VW Vv W v V|wvw| w| V| w|w|w|w|o

Amino acids composition O Target composition

; " " @ Designed (neglecting point deletion)
designed for "MLSDS No Cys m Designed (regarding point deletion)

8%

6%

4% - -
0%

Ala Arg AsnAsp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr ValTERM
Amino acids (TERM = stop codon)

Frequency

Correlation Coefficient (Designed (neglecting point deletion)) vs. Target = 0.90
Correlation Coefficient (Desiagned (regarding point deletion)) vs. Target = 0.92

Fig.3-5 “MLSDS No Cys"IZ&1F % BT 2/ ik M O b S vz ATGC IRAHIC L » TiEhn
VAR 3 15

Point deletion & [&E L 72 \W i b7 X Bk 0 B AR 54 A FH B4R 2% 0.90,

Point deletion % #+5IZ AN =i b7 2 7 B D B LR 2 %3 5 FA IR %L 0.92,
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B AR

Table.3-5 DI T, MLSDS O& YA 7 /L% 15 BATU, il AV il FREE SR SR &
PCR 7' 7 A X v VHEE G T & LFEIK 45base(15a.a.), #E 7 o & L FHIK 6base(2a.a.).
2K 8Thase D7 A 77 U —% G Lz (@SN OFEMITSEH-DNA AV 2~ —"% &),

BREY 3T TN —rr vy 7 Uiz, 45.9%0DH 2 7 IVinsE KRS T, cluster
deletion % & Teld%ix 27.0%7- - 7=(Table.3-7), E2FEHIF. point deletion % & Tefs,
=l 7 LSO T X gk 4 Table.3-8, Fig.3-6 (277,

Cluster deletion <° insertion 28, ATGC DL DOBEIZFHRIZ AL TWVRNWERR S A
WREELTWDICHLBEDLLT, =7y LERESNC L DT 2 BRICKE 8 X
V34 L T e o7z, Point deletion Z & TefcdD 7 X / i, KO —r v
L7 REFN DT X 7 B O, SERRESNOT I 7 BEEAIC AT 2 FHBIR T & £ 0.96 &
0.85 THY ., HEDO ETHLT7L—AT 7 MZEDT 2/ BRME~OREEZMZ 5 Z LIk
L TNDZ ENERTE S,

Table.3-7
“MLSDS No Cys”>—7% v AfkE 5t
Number of
samples
Complete 17 (45.9%)
sequences
1mer deletion 6 (16.2%)
2mer deletion 3(8.1%)
3mer deletion 0 (0.0%)
cluster deletion 10 (27.0%)
lmer insertion 1(2.7%)
total 37
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Table.3-8 Amino acids composition of synthesized “MLSDS No Cys”

=

)] - —_ —_—
S22 G FIL 222 |3l 8lglelesEl
~|o|ld|lo|lo|lo|lo|t|w]|o|d|d|m|o|lw|~r|N|T|d| |0
Only complete © | @|lm|lo|o|F|S|N|K|@|m|~|B|a|l®|lbjlo||~|S|S
sequences [%] O |w|ld|w| o|lw|W|d|ld|W|SF|F|W|WO|N|AdA|OC|0|F| 0| O
Completeandsingle | o | |m|o| o | ad | d|lw|lw|o|a|lo|ls|a|s|o|lo|o|m]| ol w
deletioned Jd|ld|lo|o|N|m|m|lo|la|d|m|e|vw|~N|Ad|lo|d|N|d|O|®
sequences [%] S |6|b|w|c|w|v|d|d|w|B|v|d|F|o|d|w]|S|F|N]|S
0w |lon|lo|lw|~|o|lo|l|d|w|w|~r|d|lo|mwm|o|x|o|o|w]| o
All sequences [%] 0 | o|lR|lo|d|F|F|w|lb|t|o|o|m|e|K|IR|o|N|R|x0|™
O | K|o|w|d|t|w|o|v|oc|vw|vw|o|t|ad|o|o|w|o|w| -

Amino acids composition of synthesized “MLSDS No Cys”

B Synthesized (complete sequences)
O Synthesized (complete sequences plus sequences with point deletion)
O Synthesized (all sequenses)

12%
10%
8%
6%
4%
2%
0%

Frequency

Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu LysMetPhe Pro Ser Thr Trp Tyr ValTERM

Amino acids (TERM = stop codon)

Correlation Coefficient (sequences with point deletion vs. Complete sequences) = 0.96
Correlation Coefficient (All sequences vs. Complete sequences) = 0.85

Fig.3-6 & “MLSDS No Cys” 21} 5 A k™ 7 — D%
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BETAT TV =0T I K., BaElbT 2 Bk, BT I EMR AR Lt
AN T L% Fig3-TIIRT, se2RAES, point deletion Z & Tefidsl, v —47 v 7L
T2 AR DT X BB TIZB W T, BREHHEK & OMBIREDY 0.62~0.63 LRV MEA R
L7z, BB 2 MBE%RE D 0.60~0.67 L{RVMEZ R LT,

BT A T TV —0a Rk E, KiEfk=a ROMRZWFR L7 XA M7 T A% Fig.4-8
2T, SBRRES, point deletion & FHLells], > —4o o 7 LIc ARSI D =2 KR
ETIZEWT, ek & OFBItRED 0.87~0.88 L LB @ MEZ R LT,
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A Amino acids composition of synthesized "“MLSDS No Cys”
(complete sequences) O Synthesized
. B Designed (neglecting point deletion)
12% O Target composition
10% T
S 8%
[
S 6% _
o
E 4%
2%
0%
Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu LysMetPhe Pro Ser Thr Trp Tyr ValTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.62
Correlation Coefficient (Synthesized vs. Target) = 0.66
B Amino acids composition of synthesized “MLSDS No Cys”
(complete sequences plus sequences with point deletion)
12% O Synthesized
0 B Designed (regarding point deletion)
10% I O Target composition
> 8%
[
§ 6%
24y
2%
0%
Ala Arg Asn Asp Cys GIn Glu Gly His Ile Leu LysMetPhe Pro Ser Thr Trp Tyr ValTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.63
Correlation Coefficient (Synthesized vs. Target) = 0.67
C Amino acids composition of synthesized “MLSDS No Cys”
(all sequences)
12% O Synthesized N
10% T B Designed (regarding point deletion) ||
O Target composition
> 8%
-
S 6%
o
24
2%
0%
Ala Arg Asn Asp Cys GIn Glu Gly His Ile Leu Lys MetPhe Pro Ser Thr Trp Tyr ValTERM
Amino acids (TERM = stop codon)
Correlation Coefficient (Synthesized vs. Designed) = 0.62
Correlation Coefficient (Synthesized vs. Target) = 0.60

Fig.3-7 &A’MLSDS No Cys”F A4 7 F V—D 7 I /WA, ROEIL. BET I WK
A. Point deletion Z & £2WTA 7TV —DAHOERT I /B, KO point deletion % &8 L 722\ ki b 7 2

B.

J WAL & BART X A, FRIBE LA & O BATRILAR I 69~ 2 27 X/ BRHH AR 1345 < 062, 0.66,

point deletion |2 & W 7 L—A L7 F LERRESND T I /BB E & T 2R, K O point deletion %35
fE U7l X/ Bk & BAET X/ BRkAk, S (LA ak B OF B AR ER I %92 ST X B AR T4 &
0.63. 0.67,

FeHRE L= 2 CORFINSE I LT 2/ AL, %O point deletion % & & L 7=k 7 2/ BefiAk & BAE
T X EERHER. VAR EY K TN B AR I w4 A BN T S 2 BERH R4 2 0.62. 0.60.
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A12%
10% }l:l Synthesized m Designed }
8% | I [
>
2 6%
S 4%
% 4% ﬂ
F hiallall .l
w
o . anihhAalal a0k
<[ OO |HoOEQ<KEOO KO
OC|Q <<=
8%2(229Fi00E0PE9
T WY \ stop

Codon composition of Synthesized "MLSDS No Cys" (complete sequences)

Thr  TrpTyr| Val |STOP

Codons
Correlation Coefficient (Synthesized vs. Designed) = 0.88

10% -

Codon composition of Synthesized "MLSDS No Cys" (complete sequences plus sequences with point deletion)

8% }l:l Synthesized m Designed } ES

6% T T T T
g T
§ 4% i
[
T 2% ﬁ
0% JENARAN 15 a0z
olo|=lolgFolglola= o
=== —
0835 REFFEoG
G H | L
Gly [|His| lle Leu
Codons
Correlation Coefficient (Synthesized vs. Designed) = 0.88
C Codon composition of synthesized "MLSDS No Cys" (all sequences)
8% =]
@ Synthesized m Designed ‘
6% T
3 4%
f =
[
=
= ﬁﬂ ﬂ ﬂ
w
0% 1 \ﬂ\ \ﬁ\ ﬁ wﬁ.w’-ﬁ.w 1 wﬁﬂﬁ = ﬁﬂﬂ
<|=|ool<|ol<loloE ok Llk|o|<|ok oo lo|<|E O Ko<= o|Oj<|o O [ZO| < = ook o)< =
Ol0|0 9] << <0 o< ||< Q <z |=EEEFEEE << ElEFORb|O0e Q)
30ee2A2B0EI8< LB REISEE 505800 <<< Foro|oEE < -FooBlcl<RF I
A R N|D|C|Q]|E G H | L K M| F P S
Ala Arg Asn|Asp|Cys|GIn|Glu| Gly |His| lle Leu LysMetPhe| Pro Ser
Codons

Correlation Coefficient (Synthesized vs. Designed) = 0.87

Fig.3-8 &"MLSDS No Cys”7 A 77 U —D = F Uk, M OEEL = Rk

A.

B.

point deletion & E2NTF A 77V —DHOER = R AL | point deletion & & & L 72\ ik = K #l
R i@ CARLAIC 3T 2 320 = R AR O FE BIERER IS 0.88,

point deletion (2 XY 7 L—A AT 7 F LIEHERG OIS 2 R Z & T I2K0 ., & O point deletion % & &
L7ckaiift = R UK, S brakizxl32 980 = R kipk oo #HBEMREIX 0.88,

BeHIPE L= 2 TORFINSHEE Lz 2 RO E . point deletion 235 8 L 7= iwifl = K #AA%, i biamk
X9 53T X BB O FEBIFR UL 0.87,
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3-1-3 “MLSDS Natural”, ’MLSDS No Cys” ¥ &

BRTA T TV =0T I R E . BT 2 Bk & O b 7 2/ B R O AR BIFR
¥uZ. "MLSDS Natural”’ @413 0.85~0.91 & &M% L7225, "MLSDS No Cys”i
0.60~0.67 LAKUMEIZ/2 o7z, ZAVISAHBIGRE DS FLige = 2 BH D S MR & s M &
LIZ< W EWIMHEICE D bDE EBbD, FEEEMLSDS Natural” el 7 X/ BEHH
R EBREMOEERT X B OBREHER AT 2 2.4% & 3.3%72 D2 L, "MLSDS
No Cys"i%, 1.8% & 2.4% L IRWMEE & 5, 22T W0 OEEWGEM 217 5 72D, fHEIRI%K
IR D 2 O FIECIHMliZ T o7, BB, &7 X 7 E(a R T &I, BREY D I
2D R A 5 W2 b OOMEHMEZ IR Y | SFHER -T2, 0L 21FE 73/
Be(2 Ko) T ez, BRPEY O FERME % o bl CHFl o 72 b O O A2 B Y | SEH & E-
TfED 2 5Th D, FIEIT0”ITEWVE, #EITTITEWE, MEOEWIA 77U —72
EWZ D, Zo 2O A, "MLSDS Natural”, "MLSDS No Cys” D 5g & FEY D 2
IR L CHH Lz, 7 2 7 BRI % LT Table.3-9 (2, = R#ARIC% L T Table. 3-10

IZRT,
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Table.3-9 The other values to assessment synthesized amino acids compaosition.

“MLSDS Natural” “MLSDS No Cys”

(complete (complete

seqguences) sequences)
Average of | Synthesyzed — Target | 128 134

[%]
Average of | Synthesyzed —

Designed | [%] 1.03 1.44
Average of | Synthesized/Target | 0.91 0.93
Average of | Synthesized/Designed 1.09 1.00

Table.3-10 The other values to assessment synthesized codon composition.

“MLSDS Natural” “MLSDS No Cys”
(complete (complete
sequences) seqguences)
Average of | Synthesyzed —
Designed | (%] 0.50 0.57
Average of | Synthesized/Designed 0.90 0.97

7R MR, = RO E BT, “ZEOMEXMEO - 1B L TiX, "MLSDS Natural”
DIE ) DENTAEEZ R LIZA, “HOHseHE D V%" Tk, "MLSDS No Cys”® i 23 7=
%R L7z, $E-> T, "MLSDS Natural’t,, "MLSDS No Cys” & HICLZA T 2 /(=
RN ZFFD, BN T A7 TV —Thd LNz D,
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3-1-4 fDTAT TV —EREL DL

3NPs 7%, mRNA display % & Ol % Table.3-11 (Z/R7,

Table.3-11 The difference between of the target amino acid composition and the actual
composition for various libraries.

Uniform Type

Method 3NPs MRNA MLSDS
display

Reference, [16], [12], This work,

Library “O6T 1 6” “Random” “No Cys”

Equimolar Equimolar Equimolar

Target value 19 amino 20 amino 19 amino
acids acids acids
Correlation coefficient @ 0.43 0.56 0.66
Average of | Synthesyzed —Target | [%0] 2.6 1.1 1.34
Average of | Synthesized/Target | 0.99 1.00 0.93
percentage of stop codon No Data 0.46 0.00
percentage of cacsosde;tnes containing stop No Data 8.33 0.00

The values shown were calculated using the context of full-length libraries. The
values of 3NPs and RNA display method were estimated with some assumptions. In
MRNA display method, the actual composition including stop codon’s contribution
were estimated from data provided in the paper and some assumptions, first
assumption is that one cassette couldn’t have two or more stop codons, second is that
stop codons appeared equally in every positions, third is that stop codons were not
shown in the franking region. And it is assumed that stop codons were not appeared in
full-length libraries of 3NPs method.

& Correlation coefficient is calculated using target and actual amio acid composition

including stop codon’s contribution.

FERAMREUT"MLSDS No Cys”" 23 bV TV D, “ZOfkHED " 1L MLSDS 4 &
mRNA display {EDZEFTENTZHY BNPs BT L TEANLZEEZ R L T D, “HofxHiE
DWW TR TOHETIREENE N, X by 73 FodkkRTld, MLSDS %X mRNA
display 1% & Il L CHERITENLTWD Z &3 D05,
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3-2 AT ) —DREHL

2 fi5R(T & LI 102 (=(45+6) X 2) bp, [EE I 36bp)., 4 fif&(F > & LI 204(51
X 4)bp, [EHEFI 36bp). 8 fi5R (T ¥ AfHIK 408(51 X 8)bp, [EERHE 36bp) D FHLIC
RRED U7 (fig.4-11), EoFIZERME 102 0 F D 1ERIA 77— bt L, 8GRI A 7
TV — 2 ER 2R CTRIAIZERMEIX 109 F £ TRA Lc, ZORKIZFEICTA T — =
VIOG, MONT A= a EORFEBRETOR AT DTHD, L, fillREESRE
SLBRFTO PCRIC X D HERZHET 2 Z L2k - C, 2o REMET 52 LAk s 72
O, BEERIICIXEAIZ RO 22 5 Z LIXARETH D, BHILICHW D 51T D%Ek
PEIBOS AT —MITRIE L TV D, BUEMICFRER A X — b T A 7 TV — DKoy 15k
PEIZ 10U FRETHDL B HND,

M S 1U 2U 4U 8U M
R
gy~ 00
i — 300
: -~ 200
~ 100
F
Fig.3-11 248f5K7A4 77V O

MY A X~v—H—
SET A7 U — (87base)
1U: 1R 2477V — (84bp)
2U: 2% K747 U— (138bp)
4U: 45K A 77 U — (240bp)
SUSEETA 77 U— (444bp)
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3.3 Conclusion

MLSDS ¥AIC K> T7 X/ WA A @ EE (/I L7 DNA 7 A 77 U —OAER ATRE T do
5 EEBRITR LIZ, THICK Y, FAIZEROBMEIRRER L 2D, A7 ) —=
TRNREREBI LHSED LN TE D,

EF B TA T 7Y R T A LIl Lo TEWREE RS TCEEREHT AT TV —
RIS Z LTS Lz, Al @B RHIA T 7V —2 BT L HEL 20 |
R0 EsRE A E B A TR T D WTREEDSBR T T,
AIFFEDOFFIL, EERAB LEORBIIKRELSFLET DA,
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METHHERH D, LirL, DNA OfL5ERIE 100~150base 723G R RS T
bbb, T T, ARLET7A4 77 Y —=2=v F87base)x PCR T _ AL,
HIBREESE T - #5325 Z L2k 2~8 5K (T > & AHAL 106~414base)
DREHET LV HLTAT T —EER LT,

AMFFETBHFE L7 8 L WB S - R BV SHSAT T Tk & T 4 L DNA 7 1
77 ) —EREIL, A%OELEAE THRORRBICORPLTEST LI LD L
Exbid,

73



