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Effect of N-terminal amino acid sequence on the protein synthesis
using a reconstituted cell-free protein synthesis system (PUREfrex®)
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Abstract 1. Introduction

PUREfrexid. KEBE CTD Y >INV BB %\EE.?%‘:F%M B UCHEEREE PUREfrex® is based on the PURE system.
MY >~/ \7EEm& (PURE  system) THS. RIGRDHRICLD, SRE>ZAT The PURE system is a reconstituted cell-free protein synthesis system, which consists of only purified
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factors necessary for transcription, translation and energy regeneration.

« One of the challenges;
Variability in the synthesis efficiency among different proteins
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T, NSRBI Tl A= T S /BAERICEFICELZENFEINTND, 22 « The 3rd to 5th amino acid residues in the N-terminal region are
T, 23 CTOEHEIMEN S fcsfCFPDO4BFEB DYV )2 2 D7 I /BEICERUICE R important for efficient translation. < Information of broteins used in this studv >
#5%23, 30, 37 CTHRL, ZDEHEZ LB UTc, TDIER, MIIEHORT 27 I /B (V, « Large amino acids, which are encoded by AT-rich codon, facilitate P y
H, N) 0)7’3‘75*‘/]\\\2:‘5\,\75 /B (G, V, A) J:'?é}ﬂi%b§,‘%‘<7ggfi %Dt{ycz\ﬁiﬁgytgg early elongation reaction. Protein M.W. N-terminal AA Seq
B ER (7)) >2) IEXL, 37TCTRRLICESEHB0%RVEREI oo, 23C Ref; Verma M. et al. (2019) Nat. Commun. & Jia B. et al. (2021) Sci. Rep. DHFR  E. coli dihydrofolate reductase  18.0kDa  MISLIAALAV...
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<D :.IﬁZ’\\CLian;L;U:G) SRENFLSNT i{l_\ 23CT IZIE\X_:Eb & ?:J\\)bﬁ IR A . Aim of this StUdy; SfGFP  Superfolder GFP 26.8 kDa MSKGEELFTG. . .
775 —EDNRKIKICSerLysTyrz MU TERT % & FICERTOEMREDIEA U, . . o . .
B_E RS, PUREfrex FIWTIER TS VI O BEE SR T DEIE. NKBOTS /B Evaluation of the effect of amino acids in the N-terminal region on Luc  Firefly luciferase 60.7kDa MEDAKNIKKG. ..
ALY aNE T D E TCEREZEINSESIENTES I ENREE NI, the synthesis efficiency at different temperature ALP E. coli alkaline phosphatase 47.3 kDa MRTPEMPVLE. ..

2. Protein synthesis at 23, 30, or 37 °C 4. Effect of the N-terminal additional sequence

f : ) . , w M 23°C  J130°C [ 37°C
PUREfrex'2.1 (+GSH) PUREJrex'2.1 (+GSH) Luc MEDAKNIKKG. ..

4 +DNA Il 23°C J130°C 1 37°C v +DNA ALP MRTPEMPVLE. ..
4 incubation at 23,30 or 37 °C for 24 h ¥ incubation at 23, 30 or 37 °C for 24 h DHFR MISLIAALAV...
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The decrease in the amount of synthesized product D‘,{}A ©) (H)3KG () SKY (-) (+)SKG  (+) SKY

at low temperature relative to that at 37 °C varied
from protein to protein. Addiotion of Ser-Lys-Tyr at N-terminal region significantly increased the amount of synthesized ALP.
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3. Effects of the 4th amino acid on sfGFP synthesis

4 Y

PUREfrex'2.1 (+GSH)
4 + sfGFP DNA or mRNA

3-A. Synthesis from template DNA encoding sfGFP with different 4th amino acid

¥ incubation at 23, 30 or 37 °C for 24 h < Fluorescence of synthesized sfGFP > < SDS-PAGE of synthesized sfGFP >
¢MeasurementofﬂuorescenceorSDS-PAGE J1 23°C F1 30°C I1 37°C
\ y 200
< 1 _ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
N | . T 1 control
< N-terminal sequence of sfGFP > = - I | |
&: N i ! T+ 23 °C B S —— — —— — <SfGFP
5T MW F . |
w ¢
tgtctasaggtgaaga 2ol ol kol ol |
atgtctaaaggtgaagaa R B | N|E 300C | 5 i 0 8 8 8 | G P
5 - : T
] S TN I
other amino acids T | NN
(NNT codon) . l a 3700 | o e e e O i e i 0 8 B —a STGFP
4thAA Y N P S 1 T L D F R C A S G V

tat t t cct tct att act ctt gat ttt cgt tgt gct agt ggt gtt
codon tat cat aat cc ct amt @act ¢ @ cgt ot get a9t 99t 9 4hAA () Y HN PS I TLDFRCASGYV

23°C | 1245 [ 1083 | 985 | 973 | 929 | 856 | 776 | 63.1 | 550 | 53.7 | 386 | 356 | 189 | 153 | 148 | 44 DNA (tct) (agt)
: 30°C [ 168.0 | 168.1 | 151.2 | 139.6 | 1444 | 148.6 | 152.2 | 143.2 | 1279 | 149.2 | 1184 | 88.7 | 103.1 70.3 834 | 58.3
3-B. Synthesis from mRNA
37°C | 131.7 | 122.2 | 1236 | 1054 | 113.6 | 1179 | 1125 | 112.8 | 107.7 | 136.1 | 116.7 | 110.8 | 137.3 | 106.8 | 103.0 | 87.8

Il 23°C [] 30°C [1 37°C

- The amount of synthesized sfGFP, especially at 23 °C, differed depending on the 4th amino acid.

T 200 « When the 4th amino acid was a large amino acid such as Tyr or His, the amount of sfGFP was increased compared to Gly.
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Coupled reaction. codon tat tac aat aac tct tcc tca tcg agt agc tta ttg ctt ctc cta ctg gct gcc gca gcg ggt ggc gga ggg
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3-D. Time course  The influence of amino acids was greater than the influence of synonymous codons.
- In the case of Ser, there was a difference in synthesis at 23 °C between TCN and AGN codons.
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« Why does the 4th amino acid affect synthesis at low temperature?

In the case of Tyr and Asn, the synthesis rates at 23 and 30 °C were also high.

« Would the same result be obtained when expressed in E. coli?




