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Synonymous codon usage patterns influence co-translational
folding of nascent polypeptide chain: a review
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Abstract: Synonymous codons usage pattern as a bridge between nucleotides and amino acids,
and their diversity mediates the ribosome scanning rate while expanding the genetic information
storage of genes. With the application of new technologies, studies have demonstrated that
specific codons and codon binding can modulate ribosome scanning rate and protein folding.
Synonymous codon usage patterns affect the ribosome scanning rate in different ways and the
stability of corresponding mRNAs. This paper briefly describes how the synonymous codon
usage patterns regulate polypeptide chain extension in the process of ribosome scanning and
translation of mRNA, which provides reference for the optimization of protein expression in
bioengineering in the future.

Keywords: synonymous codon usage pattern; genetic information; gene expression; ribosome

scanning; tRNA
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Aminoacyl-tRNA and the
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site recognition pairing 5'

A new round of
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The new amino acid and
the hydroxyl end of the
extended peptide chain
form a peptide bond

Translocation reaction

a codon

The A site peptidyl-tRNA was transferred
to the P site, and the mRNA also moved

1 A EEIE mRNA 312
Figure 1

FE R RE (T A7 R %) 56 DX A 50 o 2 AR W ast A5 15
B, Hrp sl AR A SR S
(co-translation folding) Al 4§ 1 1 ¥ (fine-tuning
translation)”"",  H ATBOR S Z A STIEN , [F]
S R 0 R CAE Y S O A R
mRNA J5 51 i 7 p 2O 2L B3 B ML R 45
SN A MRS CIE e S EI L& A E
F14) 2 455 i g A G AT A S AR S BN 3 A 22 iR
LT B AT T

1 FXEDT2HNE X
BE R R P

TER A E 15 57 R (ribosome profiling) i) A&

Displacement reaction

51'

The scenario of ribosome scanning on mRNA for gene expression.

[T, AFE B[] SO A5 T4 BE DR e iR R
b= AVTE SR b S P En=42 o LA S V= O o
B[] S {4 T 0 95 S i 3 23 1Y)
S ) ) AT A Ay 41 DR 23 PR IR 3R ) — A ER A
WAL 280 AR KA R s,
WFFE N B0 45 Bl 92 36 T B4R 5 T [R) U351
5 P O W P R AZ M A 91 4 R 1o R ) 5 £91)
n, B A R AR ST S A [ STH
BRI B-~F FLARTT I 52 24 o [ S8 A~ P g
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HeRM2E 3 A5 B TS AR T 5
WA 2 X5 R AR A 1 45 [B) 5 4 i s ), (HL X —
55 R DU TET EIE T[] S5 A - B A S AT LA
T I AR T e AT S S
R 99 B T 2 1 AR IA AR I 2, BESE N B4y
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05 1) 7 HH A 2 K A% AR A i3 £ 1 G 1 e 971
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SRR R AT 2R P A U S, KA
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DRURRE A S [i) S At ol RIS 2055 v s R AT A
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03 S e e i AR R BTE 5 R B B
KHE R GAL ZENHEH, ARERTH T Hw S
PRI DG A= A i sh !,

RWE R P B AR B AR S, R
AJF 5 BRLAAR ) S5 Bt ol FRIASE 2% J 32 S i i 6
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mRNA # i)t #rh, A A5 P AL SN
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W HEIARTE R mRNA BE [ 9434 2 3 AT (8] 422 I
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K AL P B AR I AR A7 A5 A H AT A
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FHIE, (R GU FE BT R v i 12 8 M U3 22 He
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9112 f R 19 2 3 23R 1 TR 22 S PO SRR e R
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S At A7 B 3R 1 1 A0 A A BB A0 <10 R A1
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EAR IS R A CHIER, TR R,
tRNA fb2A B 7E P 2500 [6) SRS TR 25 i
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24T IR 22 40 52 38 B 92 A AL S BB, tRNA
TR RSB IR, (RNA PRI TE ,
BIHR T (wybutosine) Fl 2 HI % ££-N6-75 24 Bt 24
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Figure 2 Co-translational folding of polypeptide chains during ribosome scanning and translation. A: Rare

codons at specific positions. B: Codons.
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3.1 FEIXEBFERERXNY mRNARE M
A

AR 20 4 80 A4, [H] S A% 1 fifi AR
K5 mRNA F0E Pk 2 18] (14 40 G 1 5k B 78 I
PGK1 JE[H B WA 58 gl ey ka2 i, Bl
Jo X FPAH CHPETESC T A B % MATal
PGK1 JE[H X} mRNA F g P52 i i iif 5% 45
)T — 2 UE S0 R A 3 R T
mRNA 32 8 5 3L R R B A S )12

M, E—25 B mRNA F2e P 25 g Ak 2 ik
i TR PR AL e R R LR R P S R R[]
HRAIFNPFEL AP, mRNA F&E PE A U2 B
BRI 328:(1) T REIRE A 3
T RAS ML, PEATL 1L 2 IR EE G sl
mRNA [f#, #RAJE X3k (nonsense-mediated
decay); (2) HH T AZBEOR I B0 2 vh Jo it
3 ) A AN e R R B, SRR A
Y B A mRNA Bf#, FR oA 1= I (no-go
decay); (3) HH F A BE (& 55 B2 T W 19
mRNA i L&A poly(A) R A& 28 1k %% g 1
B mRNA, T2 mRNA Fh, #N IR
Jd(nonstop decay). HHJ, “FA RN F 8 H B
2T mRNA F2UE MR HLTH AR 998 ik =25,
ANHEF H 7] S 558 PR AR =X A el 22 i 3 3
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RNA 2R Z5 40 (Jr) TR Bl 8 4 X ) 1) 722 Al T
BEBRBE T pHE,

X T BF L A 21 7 5 mRINA BEOR 19 83 7 Mk
Fror bk B, A R i B D0 3 ] S s 7
mRNA fE & HE EmEN, kz, ff
PR AR AR AT B [ S 5~ Dl 25 {1 2 mRNA 5
W RIS RE T A S T2 mRNA B
IR AR 22 B S OBCR TR B RS BT o FEERST
BT i £F (Saccharomyces cerevisiae) i N EW [
IREE 1R IA R B D 5 2338 1 55 mRNA 2
T PR BEAR L PR SRR BRI i 98, Sharma 55
8 X S flL R RS 7 h BUAE PR 4R 2%
i T N2 0855 mRNA BF0E e, omfe
UE T8 AR AP ahie e TR U
Tt~ PR S A () 4 B DX 319 2 9 36 1 2 T
X, HAEBRKENREERT S TESWAEY
WA B o [ SCH I A mRNA 2
PRSI 2 B - E YRR, AU T34
WA Y A 22 A1 Sl 0 TR A SR T )
ME AN E, RN A F A% A (maternal
to zygotic transition)Z R & & H I EE M B,
TEA R AT HE AR, e B S
il TR ST AU RE 8 £t E BE (RS M 24 mRNA /Y
Pk e, BORIEIRIBR & B, [ AT
fit BN AT LA i mRNA e, i se
e JYR i ¢ B I R, 7 ) B A s R 7 24
1 b iR AR IS B I RIE T BOR LA ] L A
TS5, Lriikrh S bk E A
(oxidative phosphorylation protein)[q] 3 %% i
it AR A AR R s A e Pk, W) U+
it A A DL AR TE — o B E AT DU A DG 2k
AR IE R B9 532 ¢ 35 (allotopic  expression), M
L AT 5 P W B PR R 56 A 2 T R B0 S e i
BT B AE 8 % B 4 i DR ) S s foff AR
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R ] S5 s~ feft A XA EAS ] %) A= 40~ Sl ot
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Dhhl 2 — e B R ~F ) DEAD %[
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BN PR R, LB AT b B A L2 R EE Y
B AE A IR 2 fF mRNA % . 24 Dhhl B[R 9%
RIS, A AR ST mRNA BPRAK6
# 5{ (translation-dependent manner) X} 2 5% A
M ERAER, ke s TR IR E AR
BB BRI, LABK IR TR & (Neurospora) AR
FLETE SN FE sk #2rh, Hhh1 A1 Dbp2 5E[A]
B 2 B - A AR 26 mRINA A 6 A9 4R 3 sl 17
e ST R 22, T YL 8 5T 2 A (chromatin
regulator) Fl ¥ 5% [Al - (transcription factor) ¥ |
SCEEE A AL mRNA A T 3152 i )
ARBIEEY, RS LLTE RNA G 55 Ui o
& mRNA AWFFRXTS, ESE T [RS8+
A S5 T RNA FUE MBI fE, T
[7i] SC 5 - fif B R A 2552 RNA 57 119
wmnE, o AR GC FaEma AN
XIS, A B RNA BYIIX) & & & GC 1Y
RNA 5% 5% J5 B0 5t N 2 62 1) 52 i) A
K, (HXFE & AT B RNA 5z b 2 5 s
1€ DA BT RS2, X R AR BN AR E K
AT R TR BT B T B RS
RNA R &AL Al sh RS 2 i e R 1D 78
F5 L A A TH AN, Argonaute ZK R PR
B JE ) RNA BEVTHI A T-F /N RNA 40F,
FrU)El RNA FP 8 kAT ] SO~ Ou Ak fa il 25
FHi& Argonaute CSR1 Xt H:pEAFHIEI, BT
RNA By Y] 5 %65+ A AL, [R) SCE A+
FREE S RNA HUAL BB DG, NO-HIER
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SRS R S i sk S L A CI Y
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(A A e — R R L RERS S IS mCA &
T R DG R St S i N S e kYL 5 mOA
PIWFFE AR L, FRIEE 5-F BE R ms e 55 A% 00 2H Bl
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MRAEYITE M W 94/, H mRNA |
m’C 1E 5 mRNA F07  RIEHE 2h 1 B fif
HRE YIS Selmi 251 FACHK S UL TE fiFt
Hr AR AT IR B AL 1) 47 R (methylation-dependent

individual-nucleotide resolution cross-linking and
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R R TR 3RS X ARSI CTCCA #%
MRILTT, JF HXT mRNA HIEAb AR R B, BBl
165 IR B 9 IE R 211 Xt e — 2
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i v ] SO - fel AR X 35 4% 2 W) 2 R TR 2%
PIRA G, wilan, TERBFE P o- V€K B
(a-amylase) 3 ][] S %5 8%+ fff B0 5, H
mRNA T2 il B4 5, e s e F A A7 /b
{25 11 R B B BRI Rk, K FF
FAE A — R R AL 3R I8 TR, fERIA
HMEIED R R, R E ) SO - A
B A5 56 R 7E 5 5 mRNA J5 2 6 B 1K 7= 4
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1 B AL K AL EEE mRNA 56 58K, S2t
X R mRNA T 52160

EIA MR IEAE -, TRAMFSE RNA
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