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Effect of the template DNA sequence on the protein synthesis using the E. coli-derived reconstituted
cell-free protein synthesis system (PUREfrex®)
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Abstract

1. PUREfrex®; based on the PURE system technology

PUREfrex® 3. KBEE COY VNN VEGRICKHERRAFZREUOEAUCEBREEMRE Y V/I\VEEHK % (PURE system) T#»
B ERERR RIDEDHBRICEDTRRTIMg/MLU EITERUEN. EMTETVINTEICE>TRELELGD  BXIE RIDERDHARTE
T TR BRYVYINIVBED7 I /BRI PHEDNADEERERINEREBEICEIZEEICDODVWTHRITZED TVWDI AKX TIE. HE
DNADS'UTR, RUORFOIBEEINET I /BREEINTVINTEBERICEGZDHZEICDODWT. INETICEONICMBEZHRET %,

WEFERBUTWA5'UTRIE.T777—Dgene 1 0OBEEDS'UTRT. T77OE—9 —D TFRICATLIL—HE1E. AT-richf#iz. YR
Y —LFEBES (SDEEF) ZEATWS . ZNEFNDOEBOLENUZHER I 2D ZFEBOFEPLPRINELS5'UTRZA ML fcsfGFP
BLFMNSsTGFPZEMU. ENXNEZR U, ZDFER. AT LI —TEHEBIZS HDGIEENT7 RNA polymeraselC KBEFE DR

PUREfrex® is based on the PURE system.
The PURE system is a reconstituted cell-free protein synthesis system, which consists of
only purified factors necessary for transcription, translation and energy regeneration.
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Ref; Shimizu Y. et al. (2001) Nat. Biotechnol., vol. 19, p. 751.

‘ Synthesis efficiency is dependent on the protein to be synthesized. '

2. Construct of template DNA for PUREfrex

"UTRf T7 ph 1
5" UTR from T7 phage gene 10 Large amino acid for

| 17 promoter Stemloop AT-rich SD  Spacer | ORF synthesis at lower temperatue
5’ — GAAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACCAATGNNNNNNNNNNNNNNNNNNNNNNNN - = = = = = = s o s sannasnnssan NNNNNNTAANNNNNNNNNNNNNNN —3’ ==p 5.2, 3

Required sequence (length) for GGGAGA > 15 bases > 3 bases |_ AT-rich codons, J | 4-1
efficient transcription and translation (for transcription) (essential) (essential) not major codons
= 3_1 = 3.) map 3_3 |_ Multiple codons, not just major codons | > 4.9
No slippery sequence (X/XXY/YYZ)
’ [ ) [ )
3. Effect of 5'UTR on the synthesis efficiency 3-3.SD and Spacer
- : N o | Seacer ]
PURE frex’2.1 (+ GSH) TATAATATACCA
. TAATATACCA
4 + sfGFP DNA with indicated 5’ UTR TAAGGAGGTG ™ ATATACCA
¢ incubation at 37°C for4 h TAEEQ
¢ measurement of fluorescence of sfGFP 3-2. AT_rICh (Length) TATAATATACCA
\_ y TAATATACCA |
AAGGAG ATATACCA control
3-1. Stemloop TCTAGAAATAATTTTGTTTAACTTTAAG control TACCA
AATAATTTTGTTTAACTTTAAG CCA
AATTTTGTTTAACTTTAAG TATAATATACCA
X GGGAGA ITTGTTTAACTTTAAG TAATATACCA
GGGAGACCACAACGGTTTCCC control GTTTAACTTTAAG AAG ATATACCA
| | | | | | | | | | | | | | | | | | |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 120 140
GFP Fluorescence (% of control) GFP Fluorescence (% of control) GFP Fluorescence (% of control)

« GGGAGA, which is required for efficient transcription 15 bases and more was sufficient. « AAG (3 bases) was sufficient as SD.
by T7 RNA polymerase, was sufficient. « AT-rich region was essential. - The balance between the length of SD and spacer was important.

4. Effect of ORF sequence on the synthesis efficiency

4-1. N-terminal codons 4-2. Codons used in the entire ORF
é )
PURE /‘rex®2,1 (+ GSH) < N-terminal codon of Trastuzumab HC > < The amount of product synthesized from < Number of each codon in the tested sfGFP DNA > < Fluorescence of sfGFP synthesized
¢ + DNA the template DNA with different N-terminal codon > from the indicated template DNA >
| Met | Glu | Val | GIn | Leu | Val R AR RN RN R AR RN RN RN
4 incubation at 37°C for 4 h TR R o [GRRTA] < 711 AR 55|53 55|53 55| 5 -
6 - T8 |7 |6 | 3 | 2 | 2 TAT| 4 | 5 | 5 T6T| 0 | 1 | 1 -
= U . S
4 SDS-PAGE or measurement of fluorescence GAG | GTC | CAG | TTG | GTC EX Tested clones: 56/384 clones Tic| a | 5 | iTce] 2 [ |1 [iTAcl 5 | 4 |4 [RalTec] 2 [ 1 [ 3 504
Y y Al B CTA 2 g TTA| 4 | 0 | 3 TA| 1| 1|1 INERERE TGA| 0 | 0 | O L
GTG cTc | 616 5% 4 [m6| 0 | 0 | 2 TG| 2 | 1| 2 TAG| 0 | 0 | 0 [RuMTGG| 1 | 1 | 1 g
CTA g2 cr|10] 0|2 | 2 [0 [ cat| 4[5 |6 cr| 5 |4 |3 e -
e = E 31 el 3 [ o] 2 [fecc] 2 [0 | 1 cac| 6 | 5 | 4 G| 2 [ 4| 4 g
o v CTA| 2 | 0|0 CCAl 5|0 |2 CAA| 6 | 3 | 2 CGA| 0 | 0 | O [
Codon usage frequency GC AG €S 21 cG| 1 [20 ] n ccG| 1 [10] 6 cAG| 1 | 4 | 5 GG 1 | o | 1 § 10-
FMY,H QNKDEGCW 65% 50% 35% 0% [Met | Glu | Val | Gin [ Leu [ Val | (%) (kcal/mol) 1- ! | AT 7 | 616 BRRNACT] 9 | 0] 4 BRIAAT| 5 | 8 | 6 [RIIAGT 2 | 2 | 1 o
| | | | | AT |ATG |GAA|GTA [cAA| TTA [GTT| 28 0.0 ""I"""hn. B e R e e R e o .
. 0 ATA | 1 0 0 ACA| 4 0 2 AAA| 15 [ 12 | 15 AGA| O 0 0 LL
LLV.S,RT ARG 35% 25% 15% 0% . AT Major GC ate| 5 [ 5| 5 ACG| 2 | 9 | 4 |mal|AAG| 5 | 8 | 5 [lAcG| 0 | 0 | o v
Major | A | g4 | S | £AG | crG | GIG | 56 -4‘7 GTT| 8 8 5 GCT| 4 2 1 GAT| 12 | 10 | 11 GGT| 7 13 9
Frequency is calculated from Codon Usage Database A Gicl 7 3 [ a accl 1 17 13 - EEEE T R 0
in Kazusa DNA Res. Inst. (E. coli W3110 strain) GC | ATG | GAG | GTG | cAG | cTG [GTc | 61 -3.9 2 A R > 2 2
. . GTA| 3 | 0 | 2 GCA| 3 | 2 | 2 GAA| 11 | 16 | 12 GGA| 9 | 0 | 2 GQ (‘)Q GQ
Yield: 0.6 mg/ mL GIG| 0 | 7 | 7 GCG| 0 | 3 | 3 GAG| 5 | 0 | 4 GGG| 3 | 0 | 3 ‘:“ s" 6“

‘ o AT-rich codons > Major codons @ 5’-terminus of ORF b ‘ « Multiple codons = just major codons in entire ORF b

5. Effect of N-terminal amino acid sequence on the synthesis at lower temperature

. . 5-2. sfGFP with different 4th amino acid 5-3. ALP and DHFR with N-terminal additional sequence
PURE frex’2.1 (+ GSH) < N-terminal sequence fo sfGFP > < N-terminal sequence of ALP and DHFR >
{ +DNA » other amino acids
¢ incubation at 23,30 or 37°Cfor 4,8 or 24 h M S K G E E ALP: MRTPEM
¢SDS-PAGEormeasurementofﬂuorescence atgtctaaaggtgaagaa DHFR: MISLIA
€ y 200 F1 23°C I 30°C ] 37°C
N SKGE /SKYE /SKG/SKY
5-1. Translation efficiency of various proteins _ : i
at23,30and37°C - 1 . T 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1T T ALP | v e - - — —— — —— —— —
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Fluorescence of sfGFP at 24 h

. . — — o < <
P e — r Temperature (°C) E E 23 30 37 23 30 37 23 30 37
= — - T —~ M- MSKGE- MSKYE- —~ M- MSKG- MSKY-
Dihydrofolate red(lIJ)cI_tIzI:\:;(; el e D~ GED GND Gb GID G . . ‘ Time (h) 24 24
Temperature (°C) 23 30 37 23 30 37 23 30 37 <Zt 0 — .
Time (h) A 5 24 2] Y H N P S I T L D F R C A S G v

tat cat aat «cct tct att act «ctt gat ttt cgt +tgt gct agt ggt gtt
« Synthesis efficiency at lower temperature - Synthesis efficiency was increased when the fourth amino acid was a large amino acid such as Y, H or N.  N-terminal additional sequence increased the amount
depended on the synthesized protein. - The fourth amino acid was very important for the efficient translation at lower temperature. of synthesized ALP at all temperature.

Conclusion

5'UTR

ORF

o AT-rich codons are preferable for the N-terminal codons.

» Not only SD sequence but also AT-rich region in 5’UTR is « Multiple codons should be used for each amino acid in the entire ORF.
very important for the efficient translation reaction. « N-terminal amino acids are very important for the efficient translation at lower temperature.



