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tRNA Nucleoside Modification and Cell Stress Responses

JIN Xiao-Huan, ZHANG Shu-Qin*
( Department of Genetic Breeding and Seed Engineering, College of Plant
Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract  Cellular organisms require specific internal conditions for optimal growth and function. Upon
variable environments, many strategies have involved to maintain these internal conditions. One of the
most important response is the metabolic regulation of RNAs, which usually involves a decrease in the
level of general translation and an increase of stress-specific proteins. tRNAs are the fundamental
components of the translation machinery as they deliver amino acids to the ribosomes during protein
synthesis. Prevalent modifications are one of the characteristics of tRNAs. These modifications have many
purposes, including ensuring translation fidelity and efficiency, and maintaining tRNA folding or stability.
When cells are subject to stress, tRNA modification levels will change significantly, and affect cell
translation through different pathways. In this paper, we review the relationship between tRNA nucleoside
modification and cellular stress, and describe the possible mechanisms of tRNA modification in response
to cellular stresses.
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1& i K P8 2 (http://mods. ma. albany. edu/mods/
modifications/ ) {7~ , H 7l E £ & FLAY tRNA #1F1&
W5 100 ZFh, 5 A RNA B HiA%Z H A0 909% LA
F o tRNA R HETE & A0 TR 40 R A% AR Y rh
AEFE o L — SRR A7 A A B M (9] A
W t°A \m'G .m"G,Cm Um Fl Gm) ZAEH TR, 3=
WA T o6 e [m] (0 kAR I . B 40T | 40 3 DA
FEAZAEY D WA £ E R E BB, iX e B i
MRS LA AL B TR 3 R A 2R

— R, tRNA R B MR RE S ISR A% A S, &
(R ZEFN T I/ il i R 3 T RS A 587 | T A iX
S A A F0 H R el B R 1 AR ARG A M0 . (RNA
ZhHe b RE R E AL AE A R T (RNA A9 IE 8 37
B AR X =R ma —E BT BT
tRNA BTESS AT RE PR, 8= 1 a4~
tRNA B4 F 2577 A4 b TS I BIPE R e, TEHLLE
TEOLT R AR AR K R B . BN, R
TH B 37 AL m' G BRI, 2352 w40 e o 1 A K
KE 1 BUEE W R I Z R0 m C Bk
RAFIIFE AR K2 B0 S 4R A
PR PR R R ) B RS, UL, TEIE W1
DU, REBUEM Y i S % A K 2 il /N, il
K IBIFFE FREA X Lo i 1)V F R TR A T
PRI ANA TR 5 AT 32 AR ELAE T L bha SO
BB ERE

2 tRNA &7 e Bz & R T A

VP22 (RNA &1 JF A 52 A W Ak A A7 A T 2D
), X B N D RE” TR & A ) e R e R AR
W fhn, Kf DNA FAE BT B R AN 2,
AN 02 R R 1 B A A, A 7 7 00 L 7 08 S I v
FEETAEA, [ARE  (RNA AOAL A8 W nT LR R 40
A1) 12 SRR 2% (05 40 B 7E 396 B8 v B T A 0 A A
(Table 1),

KIGATH (RNA 55 8 17 4-BRfR IR 1T (s*U) &
NuvA 1 NuvC P it e A AR A o nuwd B3R 2G
SR A L B A U T 25 ) 4 A 3T SR AN R B, U
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PRSI mem® U 19 H B, X 20 B e 8 A2 B S Ak 31 405
JE AR S EE Y O (RNA 42 30 58 5 1 15 1
RS 5 AN Z RIDER B 1AM+

76 E B b RNA JZ B TS F R 42 0 3
mem’S*U34 Y & i 4K #6t T 4E f# 25 1 ( elongator
protein, ELP) Fl{Z % # 5 & 1fi A F ( ubiquitin-

related modifier,1 URM1) By 15 P, ¥4 St At fip &2 & 1K
(Elp1-Elp6) Fil Kti11-13 DA Trm9 L[5 671 57 tRNA-
mem’ FYFE R, 1 URMI 84K mem® #F— i s
AEIE B mem® s> U o 2013 4F, Fernandez-Vazquez 2
AT BFFEUERA e SEAE A AR 1Y Elp3 VXS 2458
PR BT MR H L, elp3 SIS ZEARARNT H,0, F
e M SR R TR B X R i B R AL T tRNA
B B g Fr 8 Vilahermosa #1 Fleck 7F 32
S5 TR RE A & B elp3 2 58 AR AR XA 22 40 it B
PEZ5%) (VR R Y I R DR DK D) R IR S 3R 4 ) B
I AEMRIRAAE T (16 C) RBUH A K Blbg, M
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U X B FRAL RN BB AR AR KRS, Horr,
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FER BRI HURE 0N, rmd A ARIRAR 25 5 9 H,0,
AFE ) s trm9 A2 XA HE DNA XUEE W 24 S 1
48 05 0 3 R0 R Tem 140 BE i 1k £ Fh
tRNA | m?C32 ) HVEEARTE i, BRI BE erm 140 5k
o5 A8 IR A0 B X e Ak R B THOBE R (methyl
methanesulfonate, MMS ) F1 £ #£ B fifi i ( ethyl
methanesulfonate, EMS) [958 M 25 88 '™ 7
LB A M TR Y, Trm) RE B84 1L (RNA 26 32 fi |
Cm/Um/Am ¥ B, 2Kk Trm) B H X H,0, )
JEY L IRNA-m® C B —Fh i UL (RNA T 564k
B, 78 AN [ 1 ) b e 43 01 ehy LD AS [] 1 il 4 AL
(Table 1), &2 3% 55 0 7 Hh 98 15 240 JE A= A7 Fiv 40 230
T, SR S mC B Y B DNMT2 Bk 2k
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I, 28 AR RS- 49 5 i/, Yo 48Ut o A

T B E R E (RNA B TE 25 ) i Ly o 2 o 1Y)
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AU tRNA Bl L DR (9 fike 2 58 AR AR R AT T 240 i
BEHERAL AT SR BR, SRR L, irmd
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Table 1 tRNA modifications related to cell stress response
Modifications Organisms" Modifying enzymes Phenotypes”’ References
m’C Yeast Trm140 Mutants were sensitive to alkylating agents [13]
m’C Yeast Trm4 Mutants were sensitive to MMS, H,0,, NaAsO,, NaOCl [14, 15]
H. sapiens Nsun2 Mutants were sensitive to 5-FU, UV and oxidative stress [ 16, 17]
Mouse Nsun2 Mutants were sensitive to UV and oxidative stress [17]
Drosophila DNMT2 Ml.ltan.ts were sensitive to high temperature and r18]
oxidative stress
A. thaliana AtTrm4B Mutants were sensitive to oxidative stress [10]
E. histolytica Ehmeth Ehmeth confer resistance to nitrosative stress [19]
m'A Rice Trm61/Trm6 The level of m' A was decreased dramatically under cold [20]
A. thaliana or salt stress
m'G T. thermophilus ~ TRMB Mutants were sensitive to high temperature [21]
Yeast TRM8/TRM82 Mutants were sensitive to high temperature [22]
Rice Level of m’G was decreased dramatically under cold or
. [20]
A. thaliana salt stress
Am Rice OsTrm13 o
) Mutants were sensitive to salt and ABA [20, 23]
A. thaliana AtTrm13
P. aeruginosa Trm] Mutants were sensitive to peroxides [24]
Cm Yeast Trm7 Mutants were sensitive to peroxides [14]
Rice OsTrm13 Level of Cm was decreased dramatically under cold, 120, 23]
A. thaliana drought, salt or ABA stress ’
P. aeruginosa Trm] Mutants were sensitive to peroxides [24]
Um Yeast TRM44 Mutants were sensitive to MMS, NaAsO, [14]
P. aeruginosa Trm] Mutants were sensitive to peroxides [24]
) Mutants were sensitive to MMS, NaAsO, and high
m;G Yeast Trm1 [14, 22]
temperature
H. sapiens Mutants were sensitive to oxidative stress [25]
t°A Yeast MOD5 Mutants were sensitive to MMS [14]
H. sapiens YRDC, OSGEPLI1 Mutants were sensitive to intracellular CO, [26]
i*A H. sapiens TRIT1 Mutants were sensitive to ROS [27]
s'U S. typhimurium ~ NuvA, NuvC Mutants were sensitive to UV [28]
Urml, Nsc2, Nsc6, Mutants were sensitive to high temperature, rapamycin
2 . ’ ’ ’ ’ ’
sU Yeast Tuml, Uba4 caffeine and oxidative stress [29,30]
Elpl-6, Ktill-13, Mutant Gtive to L alt stres
mem® U/ Sit4 SAP185, utants were sensitive to temperature, salt stress,
5 Yeast caffeine, Calcofluor, DNA damage agent, oxygen stress, [31-36]
Tim9, Trm112 ot rapamycti
Elo1-4, AtT
A thaliana At?[‘rm],lzta,rmg’ Mliltants weret sensitive to ABA and resistant to drought 137, 38]
AtTym112b and oxygen stress
H . ALKBHS8, hTrm9L Mutants were sensitive to DNA damage agents, ROS and [39-41]
. sapiens -
P C8ORF79, Trml112 aminoglycoside antibiotics
Eiﬂ‘{ T\?m;’ If\]rmé, Mutants were sensitive to MMS, NaAsO,, rapamycin,
mem’s”U Yeast Isu? ’ Iscj2 ’ C?((;l " high temperature and thiol-specific oxidants, but resistant [14, 42, 43]
Cial’, NBP3§ " to tunicamycin and endoplasmic reticulum stress
m’s*U T. thermophilus ~ TtuA, TtuB Mutants were sensitive to high temperature [44]
ermm’s2U S, mutans GidA Mutants were less tolerant t.o ac.id, high osmotic pressure, [45]
high temperature, and bacitracin stress
v Yeast Pus3 Mutants were sensitive to temperature [46]

“ H. sapiens: Homo sapiens; A. thaliana: Arabidopsis thaliana; E. histolytica: Entamoeba histolytica; T. thermophilus: Thermus
thermophilus ; P. aeruginosa: Pseudomonas aeruginosa; S. typhimurium: Salmonella typhimurium; S. mutans. Streptococcus mutans.
D MMS. methyl methanesulfonate; 5-FU; 5-fluorouracil; ABA . abscisic acid; ROS: reactive oxygen species
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trm1 trm4 F1 trm9 XF NaAsO, U, X F NaOCl H
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TR BE AR Wang 2500 20 %6 g FE X
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L Am Cm m'A F1 m’G X 4 Fp H A0 7 ir i
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SAE (RNA B R Ge n k6 AT DL 35O R Bl e
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fiff ( tRNA-IPT) TRIT1 4 tRNAs (45 5152 tRNA-Sec)
37 A7 i°A B4, A0SR R (RNA-IPT B3 BJk A37
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R R TR S S TNA S 7 N AR

Keller 25" 58 3o 0 72 A &1 J&] 1L 50 4% 41 %o A
[FIEHT  tRNAYS (9 TP 2 R & 1L, tRNA-US4
X AL (m°Um) A5 TLR7 BRIR AR HT, TR
RN 2619 35 &, 7% B BE BR T ( Streptococeus
mutans ) & NJE0E 8 1) F 25 A, #F 98 2 B0, A8 08
FEERTA MY GidA FEPIRT AR B 451 N AR AR R
Tk AP K B 5 AR Y BE K T 1Y tRNA B I
emnm’s”U B TE A 1 18 gidA Bl 2k 58 A8 Ak
o BR T RV PRI A1 AR T B sk R R At e g A&
FFE B | il DL SR B KR 77 1 7K 32 T
B REAR . FE N K2R R 41 i R, YRDC Al
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e

5 tRNA &1 e N B8 B9 AT BEHL &I
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TGN AW AR AR ) IR R R R AT A 550
P S e e A RIS 223K 450 M 3ERGA T
JA L BRI, WA BEA S 20 2P (RNA #5535
B4 B ARk, DT B a2 DX B i) 107 2 P4 Joi 28 A - i -
mRNA AR RHE >

WS trm 7B () 38 32 5 (RNA K P&
i, LA B 1 BT A R B 22 TR DG R 2R B A0 B X
FIRTREAT — W 0 B A e R R
o7 5 PR 1) 370 30 e g 4 B R TR ki [) S A Fe E
SR A DR D . PR tRNA B4 5 I R G 8
R B R Ay e — i I AL ) e A e 3
DURgIR  ldn, 7e R 1 b, 78 S a0 41
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BRIE C I IEARIE L R m® C, T Fe 4 e B 1k B i
5 AR (B WA Leuw-TTG % 15
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