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Improvement of translational efficiency by N-terminal codon optimization in the reconstituted cell-free protein synthesis system
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<Abstract> ® 2. Experiments
ABE TR S N EERRE AR EATS TR, FRT v osssaemazoTr || 1- PUREfrex ™, based on the PURE system technology — —
VEBRTBCEN—BOTHD., —H. KBEY /LBERXOZAVNIVETRERBNFZVEOE. NKH saction mix  Template
EE (B ~BT7I/BROER ) ICATUYFIRABENICEAZNATVZEVSEROBREN & B2, > 1. Fab Heavy chain PUREfrex® 2.0 o
- ~ H . : —s - = o I\ .= . = . PURE frex H . +DS supplement PCR product 30°C,4 h
LAL, Chso®mEE. in vivoRDF—RZEIZIThhEZE0HE<, 2. KFEXEOBRRSUAD & ribosome " Amino acids | [INGNE g Yol Application (Herceptin) +Dnak Mix
&17575“355‘(3\&[3’]7&9)/\‘,7E§%}E§Lu?;%€5ﬁ_f b\%ﬁjﬁgllﬁ:-b‘“5éo %:_C“\ Zlgﬁﬁg%‘?‘j:\ ﬁ\yﬁRLj\gi‘wﬁ oV \\Translation Factors 2. PD1
NN} -7 X &: 2 F‘% IRHRH, RKEBEBHXOBEREEERZ /N Eéﬁi%\ ( PURE system ) ZEHAL TN % tRNAs  NTPs - Low level of contamination - High throughput preparation I(:,F’I'Ograr‘r)med Cell Death
Ll A 74 = B/ 488 - - Easy adjustment of the of proteins rotein
HEJHE F'Eﬂtkoz IR /7‘5‘ ﬁ‘]ﬂ nR 7J—|— (= 51 )7 = *ﬁnﬂi L: / o _ ) - reagent composition (including Fab, scFyv, 3 PDLA
& U &) (= N ﬁ%lﬂr)—# ( Fab ) 0, Eiﬁ'}? //\ 7 fET CDOWT N Eﬁ Zlﬁ )( 7‘ j_ 2D 3- < _F)‘J:ﬁa)Z"‘ﬁT =/ -@0) + PCR products usable as a pro?ein t_oxin etc.) (Programmed Cell Death PUREfre|x® 2.0 PCR product 37°C. 4 h
OR>ERREMRL 256 BOHFRDNAZERL . PURE system (PUREfrex 2.0) ZRVWTARVNVES template DNA ot diapiny (Rbocome Protein 1 Ligand 1) *DS supplement
RET2. EREWR., HHULEEDNAICKY KRELERY (RRKERNDTE2HOZE ), HEDNAD display, mRNA display etc.) 4.(c(§M-CIS|=yt ,
W = | . ranulocyte-macrophage
NEE ﬁ'ﬁﬁEfﬁ@ATEE ‘_3|5|%LJ'~<$EE§ b'( LY 7::0 fts Eij(G)AEJZEﬁ b *lf'AT U v 7‘] I\/(D%Fu iﬁ colony-stimulatingfa%to?)
DNA/J‘ 5 AEZ L 7z i% (= J:l_',/\ T, = ﬁﬁﬁ H:‘Er_ 1 I\ S 75\ 5 7& ) ﬁﬁu DNAb‘ 5 Aﬁk L7 i% (2 ( j: Amib\ Vo\ (Ref: Shimizu et al. (2001) Nat. Biotechnol., vol. 19, p. 751.) 5. Citrate S_ynthase
20U TRICRAD L, E5I1C, ERENfRVE RPD-L1BEQOMO R NIEBEIZODVWTEREERNDERZT (Yeast Cit1p)
7& 2 7-(: l%:él:% kl\ j*‘ h 0) 9 >/\° 7 E L: *\3 \l\ -C E > AT IJ ‘y ? j I\“ > E ﬁ% L/ 7:: %ﬂDNAb‘ 5 é}ﬁ L/ 7-(: i%é‘: N 6(§-fl'-oc:tDaZ|and|n-H2 D- PUREfreX® 2.0 PCR prOdUCt 3700’ 4 h
é)ﬁ%b‘ KICEdE Eﬁﬁwu L%, _ PURI' ;rex®1 0 PURF frex®2 O isomerase)
CchSDHFERE. NRBFEFHOATUY FIORIHABREROEEOMBZIBEREEDI EZRBRLTVWS, .I Kit f tf.I thesi | f tei ) ithout disulfide bond 7. His-tagged-a-Synuclein
TREDLE, BEREZONVEEHRIZSEVWTE, KBERRREFRINKRBEHOODR ZATY Y 73 a reguiar kit Tor ine syntnesis o proteins without disUfiice bonds
>N, - A A =2
RCE#BL ZSBEDNAOFERICKY), ERENMMBVWENVEOEKENERNAEFTE S, DS Supplement Protein Synthesis
. a supplement for the synthesis of proteins containing disulfide bonds \ 4
a) Allert et al. (2010) J. Mol. Biol., vol. 402, p. 905. SDS-PAGE (0.5 — 1 L of reaction mixture/lane)
b) Bentele et al. (2013) Mol. Biol. Sys., vol. 9, p. 675. DnaK Mix GroE Mix ¥
c) Boel et al. (2016) Nature., vol. 529, p. 358. a supplement for the synthesis of aggregate-prone proteins Gel stain with Oriole (Bio-Rad) or CBB
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3. Result 1:N-terminal codon and protein synthesis 4. Result 2: N-terminal codon optimization of various proteins
PD1 PDLA1 Citrate Synthase
Fab Heavy Chain (Herceptln) Organism Homo sapiens Organism Homo sapiens Organism Saccharomyces cerevisiae
| Herceptin Fab HC | Synthesized region  36Thr-150Glu-(Hisx8) Synthesized region 18Ala-239Thr-(Hisx8) Synthesized region  38Ser-479Asn
Length 124 a.a. Length 231 a.a. Length 443 a.a.
By Clu-val-Gin-Leu-Val- Molecular weight 14,148 Da Molecular weight 26,593 Da Molecular weight 49,346 Da
N-term [R5 MR e rd I R R B E O] GC(%) 1 2(18) 3(19) 4(20) 521) 6(22) [B) - 1 2(38) 3(39) 4(a0) 5(41) 6(42) gelofely
(7Bl Met Thr  Phe | Ser Pro | Ala REEK:! Met Ala Phe Thr Val Met Ser Ser Ala Ser  Glu REKF
GC atg acc ttc tcc ccg gcg 67% GC atg gcg ttc acc gtg acc 61% GC atg tcc tcc gcg tcc gag 67%
Major | atg acc ttt tct ccg gcg 56% major | atg gcg ttt acc gtg acc 56% major | atg tct tct gcg tct gaa 44%
AT atg act ttt tca cca gct 39% AT atg | gct ttt act gta aca 33% AT atg tca tca gct tca gaa 39%
A A A
\Z $ \Z S \2 S
I gag 30 gtc 18 cag 70 tta 12 gtc 18 0e © @Q Ny 0e OO @rb ?'S 0e C?O §® Y'S
gtg 40 ctc 10 gtg 40 600 400 500
cta 5
c 500 I c
ctg 46 £5 400 g 5 300 s 400
All clones; 384 2 % 00 g 5 500 g
Frequency (Glu, GIn) 65% 50% 35% Tested clones; 56 E E 200 E :s') E E 200 -
Frequency (Val, Leu) 35%  25% 15% 2 100 > =100 :‘,>:} = 100 -
*Frequency is calculated from Codon Usage Database in Kazusa DNA Res.Inst, (E. coli K-12 strain) 0 : 0 ) 0 -
GC Major AT GC Maijor AT GC Maijor AT
Relationship between protein synthesis and N-terminal sequence - y
v v Organism Homo sapiens Organism Homo sapiens Organism Homo sapiens
A. GC contents B. mRNA secondary structure Synthesized region  23Ala-190GIn Synthesized region  18Ala-144Glu Synthesized region  (Hisx6)-(Gly-Ser)-2(10)Asp-140(148)Ala
120 1= Length 169 a.a. Length 128 a.a. Length 148 a.a.
S R? = 08153 S R? = 0.5556 Molecular weight 18,829 Da Molecular weight 14,608 Da Molecular weight 15,427 Da
« 100 + < NFO003 g 100 NF003 |
S ¢ (AT-rich I (AT-rich 1 2(23) 3(24) 4(25) 5(26) 6(27) [ECD) 1 2(18) 3(19) 4(20) 5(21) 6(22) EeCH) 3 4 5
2 80 codon) 2 o codon) Met Ala Pro Glu Ala Gin KREES Met Ala Pro Ala Arg Ser REEEN Met His His His His -9 a.
£ pE_e GC atg gca ccg gaa gca cag 61% GC atg gcg ccg gcg cgc tcc 83% GC atg | cac | cac | cac | cac | cac | cac | ggt | ftct 59%
‘g 80 g 60 major | atg gcg ccg gaa gcg cag 72% major | atg gcg ccg gcg cgc tct 78% AT atg | cat | cat | cat | cat | cat | cat | ggt | tct 37%
E g . AT atg | gea cct gaa | gct caa 50% AT atg gca cct gct aga tca 50% &«
3 NF340f 2 NF340 O N S o
% 40 (most frequently S 40 (most frequently Y~ \ Y~\ @ Q \6’0 ‘6’0',
) $ used codon) o usecbcodon)’ ¢ ' e @‘b Qé 00 @’b Y’S $?,\'}ﬂ C’O}e\ < ,\e\\
2 20 * % 20 **
5 : : o "1 GM-CSF |— __
" o ' 0 *t : . 300 400 —
20 30 40 50 60 70 8 6 4 2 0 _ 700
GC contents (%) AG (kcal/mol) °© = £ c 600
*2. AG (Minimum Free Energy:; MFE) from Shine-Dalgamo % '% 200 % _5 300 o T 500
*1. GC contents of N-terminus of ORF sequence to N-terminal off ORF (1-6 amino acids) was 3 S _g- *g g_ -%
(1-6 amino acids) calculated on RNAfold Web Server = 3 e £ 200 - 8 400 -
(http://rma.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi). é’ %) 100 'Q _EI .g é 300 -
There is a correlation between GC mRNA secondary structure (SD & = € 2 100 £ 20
Con:ﬁnts_ (d1-6 ta:a-) and yield of sequence + 16 a.a.) has a o Lo - " ; 2 100 4
synthesized protein. i ; ajor - 0
y P tendency to relate protein synthesis. GC Major AT a-Syn  GC-His-  AT-His.
a-Syn a-Syn
. . AT-rich codon in N-terminal sequence facilitates the protein synthesis in various proteins.
AT-rich codon vs. GC-rich codon N q P y P y
~
N-term [l el GC(%) 5. Result 3: Application to Membrane protein synthesis
type Glu Val Gln Leu \'Zz1 1-6 a.a. _ o _ _
NFOO1| atg | gaa | gtt | caa | ftta | gtt | 28% N-terminal codon optimization of membrane protein
NF002 | atg gaa gtt caa tta gta 28%
NF0O03 | atg gaa gta caa tta gtt 28% i -
NF004 atg gaa gta caa tta gta 28% AT-rich CLDN1
NF377 | atg gag gtc cag ctc gtc 61% Organism Homo sapiens n N @ W <
NF378 | atg gag gtc cag ctc gtg 61% Svnthesized reqi 2Ala-211Val e > X0
ynthesized region a a - osol Q < W A
NF379 atg gag gtc cag ctg gtc 61% Lenath 211 a.a N j = ( 4 S QO @ g 800
NF380 | atg gag gtc cag ctg gtg 61% M Ig | iqht 29 7 44D c s =
NF381 atg gag gtg cag ctc gtc 61% _ olecuiar welg ’ a poe g % 600 AT-rich codon in N-terminal
NF382 | atg | gag | otg | cag | ctc | gtg | 61% | GC-rich e T v et O (%) - g £ 400 sequence facilitates the protein
NF383 | atg gag gtg cag ctg gtc 61% ype Met Ala Asn Ala  Gly oaa CLDN1 — ? £ ‘o :
NF384 | atg | gag | gtg | cag | ctg | gtg | 61% major(GC) | atg | gcg | aac | geg | ggc | ctg | 67% £ 3 20 synthesis in membrane protein.
AT atg | gca aat gca | gdga tta 44% - n
0
AT-rich GC-rich Major AT
S5 SS83ERTE8 38833 Membrane protein synthesis using PUREfrex® and Nanodisc
Z L L L L L L L L W . - o -
N zzZzzzzzzZzZzZz2zZ2zZ2z=Z
"""= Eammmmtmamma = |, Protein synthesis of CLDN1 in the membrane Purification of synthesized CLDN1 in the membrane
Relative 81 100* 16 13 5 2 *Synthesized amount from NF003: PURF frex’ <
amount (%) 76 94 11 9 4 11 600- 700 pg/mL reaction 3
Phospholipid bilayer A/ —5 .E - N o ‘-‘I:I r;
| X ¥ & & £ < o O
. . embrane scaffo r Y & 3 © @ © © s B
AT-rich codon > GC-rich codon e ot (MSP) Nanodlsc 9 fz? 9 (kDa) : 8 2 2=23=22=2 &3 Purification summery
. Memb Protei p— *:; R . . .
. DNA encoding Membrane Protein Incubation eri?] l:lilzidi;c(); o 100 - - ff T PG | I?/?)Tlfrﬁl()en concI:alrr:te:lation vglllr}rile \((Lllegl;i
AT-rich codon vs. the most frequently used codon [E - - (kL) (hg/mL) (L)
1 2 3 4 5 5| Ge(%) The condition of membrane protein synthesis 50 PT;"L?;’n‘j;ZE 1 100 225.6 47 10.6
| e Gl Ll Sl ~cl L 1baa Reaction mix Template DNA Incubation
NF340 | atg aa gtg cag ctg gtg 56% « most frequently used codon 37
NF170 | atg gaa gtg cag tta gtg 44% PUREfrex® 2.0 .
NF258 | atg gaa gtg caa ctg gtg 53% +Nanodisc PCR product 37°C,4h - we | —=MSP1E3D1-His
NF148 | atg gaa gta caa ctg gtg 44% (MSP1E3D1-His POPC*, final 10 uM)
NFO8O | atg | gaa | gtg | caa | tta | gtg | 39% *Ref: Denisovet al. (2007) J.Biol. Chem., vol. 282, p. 7066. 20 s | ~= CLDN1
NF072 atg gaa gta cag tta gtg 39% _ _
NF018 | atg aa gta caa tta gtg 33% SyntheS|zed hCLDN1 in the
NFOO3 | atg | gaa | gta caa tta gtt | 28% 10 pM e i o . 15 membrane was purified easily
Nanodisc ) ) O () () @ Solubilized hCLDN1 was s N Sepharase & Fast Flow (GE) and effectively.
syntheS|zed using PURE _frex® Wash buffer; 50 mM Tris-HCI (pH 8.0), 500 mM NaCl, 20 mM Imidazole
The most CLDN1-AT “ . Elution buffer: 50 mM Tris-HCI (pH 8.0), 500 mM NaCl, 400 mM Imidazole
frequently and Nanodisc.
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I 3 E K 3 6. Conclusion On-goin
a z z z Z » Investigation of the reason why AT-
- ' : rich codon of N-terminus facilitates
N-terminal codon _ We recommend the AT-rich h brotein svnthesis
. 16 - - - *Synthesized amount from NF003: * No correlation between codon usage and protein sadleE 7 N ] _ P y - )
elative - i . . . -
amount (%) 32 44 63 100* 600- 700 ng/mL reaction syntheS|s efflc:lency. _ _ 4 \
 AT-rich codon facilitated the protein synthesis in sequence for high protein for more information, please contact us.
: . . . . : - URL: www.genefrontier.com
AT-rich codon > the most frequently used codon various proteins including membrane protein. expression level. R e sar, sy
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