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Fig. 1 The prokaryotic translation cycle
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Fig. 2 Schematic diagram of single molecule fluorescence data
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BN RIE E, WA AR B T =L
4h, smFRET # AR [ & 8 15 i T~ H s b PR AR Y
PR E, FERQFERET RS /R KB (hidden
Markov model) ] Hammy # {4 2 F1 post-
synchronization )4 &b ¥ 77 7%, SmFRET ) £t
KAE U BESEIN S B AE YR 22 N AN 70 B 40 A iR
O RARA . FEE IR R R, 51Tk
REAEAN AP A — 20 S S S O R B U RS a8 I B0 A

% NP, SmFRET v T Fe B R 3+ 1 70 A
RAS, [FIBT IR RE PRI G 8 B A% A 1A S A8 12,
SmFRET i [ 7» #F5 m1, AliAfb o, REEHE,
REH T EME R, BIEMEKRGHEN. £4Y
KoFe5RBE L7 1H, M EE X-Ray. NMR 25F-B,
smFRET # /M8, 7RI T. H4h, 5
ek BB AR EL, smFRET AN K% 5 5% ¥4 45 g
Fgem, SREEEE MY Y. SmFRET i GEff
6 BN T 1) B YR AT — 1, e KR L Sz 3
A Ak S B R P RS S R

3 smFRET 7EZHE RS ALLH 3 A B9S2 F

i 10 Z 4 H, smFRET J7 3% & 4% i h
TR AR AL R 2 A, 25 BT
i f) FRET %} = 4 55 L1-tRNA SR HF 78 tRNA 7E
P- Al E- £ IR 500, L11-tRNA KA 7T tRNA 7E
A- Fl P- A7 SR E1Y, S11-L9PY, S6-LOLIFI 30S
h44-50S H101 ™13k B 70 A% 4 44 K /N S 35 1) A 5 %
3, LA S13-L5POSRA FEAZMRE A4 /)N S J5 Sk 35 AH YT
KO3 o kS (1 30 (] 3). B 3a 2 R A
smFRET W FAZ W5 AR F8 A7 i 7R i I, A0 Ao i
mRNA #[# & fE3E fr 3210, 47 € (1) FRET X453 il 4
PIehR, PRI Z (B ) FRET 22kt 71
FEARFE LB 1122 R
3.1 B REPRBEAERSGR ST

BT R R — A R B H AR
BT IR R B A8 3), IR R
B EIZ (B0 L1 Stalk. 30S 3F 3 ) Sk 58 45 Ky 4k
FRZAEAR N FE 32 5l . Spirin® Al Bretscher %552
U2 D e 5 H A5 M3 1 F B R AE k. fluAT]
HEM), mRNA Fl (RNA TERZBEAR - 1R 3l /2 2
TR/ 3 () e #4325 . Frank F1 Agrawal® )74
R BB 5 — IR B BAIE R T B A R HR A AR T
FEHIMALIE 5. Ermolenko 25 smFRET J5 14t
T T IR PAZRE R N 2 A8 3. @I 52
MWk & (1 S6-L9 5 S11-L9 2 [8] f) FRET 281k,
A 28 HE DR 1 0o A H AR AR KN B A AE A X 2
3, IR EF-G 45 & T8 308 WHEAHXT 508 3F
FEREW A e, X5 2 RiTRIE 1A A
GER L A EREN R smFRET ik, WFSC
KIL, EF-G 75T 0B Ho RS A 24 T 5 140
RENERIR PR G 5. BRI, A&
RSP ERANLS] F2—8. R, B
S BRI SEIGUER, BF-G v B 54 4



*318- £ FESEYYNIEHE Prog. Biochem. Biophys. 2018; 45 (3)

RSB AL R SRS SR B SFBAIRER S meRR SR A& 4).
If H EF-G 45 & 2 IdEB AL AT & &7 4 SR 3

(@

Wb
G MR

DNA —————
G/
WA
R B

S8

Fig. 3 Basic setup and labeling sites of snFRET experiment used in translocation study
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Fig. 4 Schematic depiction of the movement of tRNAs during translocation
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. MAMBAITE R DL, P A7 A5 E S5 A B (RNA,
R BT R AR AE 22 BL RN J & K G ) B R DK 3P0, P
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B A o R b, RO R I A S R -
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B SmFRET 57 ATE 8 [ i $H 12 7 T R A e )
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Kim 2y 5l %k A A7 £ AT P A7 5 tRNA 347 5% 6 b
id, WEFCT sEMIE R (RNA EET A, i1k
W, PREEERUG 2 AN tRNA 2 Ja]ff) FRET 1E AN 38
th, YEFE AL FRET & (RNA HIZ&0RA&, B A
L7 S5 RT P A7 A tRNA 1 3" #2117 508 W21 P

PLS AT E A7, tRNA fIX—Z2 AR B IE AL
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AR R 773545 3 7 AR 45 2, B A EF-G
i, t(RNA TEREAL AT IZ AR AL T2 B A S i R
BN . A SCHERROE SR MR A A7 s A ik
tRNA RS, (RNA &b T2 G5, SRM24 A 7
R EBE (RNA HHER, (RNA NFREFZE by 4.
Semenkov ZEURF 5T K BH, A ff &2 LA (RNA 11
AT B A 7 202 2 BE (RNA 1) 1 3 %
P X eegE R, KBRS . (RNA SR T
e &0IRAS, N EF-G LIRS O T e 4.
4, Munro S5 SZIG [R] I UL | (RNA 7 FHAS
FRREGMER. F—MEFELNAEHSR, A
AL 55 K0 P A7 55 tRNA F 3755 43 546 17 1 508 T FE )
PO E A7l 53— PR G R 2 — P R
%, BPHA P AT (RNA (1 3/ 5648 48T 1) 508
HE 7R

Blanchard 25 *N@ ik smFRET W i 4% #4244 355
ZAIEE A, BT T AT R BB A
Wy, WEFREBI, Mg fE4E FEIK (3.5 mmol/L)
H %A EF-G B, PRE RAS A% BE 7R T JE 2= % AR b
BUBE 7 . 1% 3 R O 4 ¥4 7k B BT 45 3 BT iE B B
Wang 5] smFRET SEEGEH, PRE IR BEAA
TE22 BN 1 G 2 TR R A A0 S S FE AR 1, A2 34
IXEN AT Bt F2. SmFRET 98, tRNA 78 4% Bk
BRI R G R, 525K
(1) T e Je R 1 = FN 3 15 A8A ). T Cornish 5589
R RAZ A VA 0 5 ] e R L IRNA 7ES S 5 %
FORAS e BN IE 248 10 5. FFER), —Di=f
FRET W 70K B, 50S WJHE L1 stalk f)F] JF F1 3¢ 4]
5 P L5 (RNA FEZ B - Z% 5 #) RIA] ) B0 A e i
BRI, o] DAHESE . (RNA (R G 52 A% 0 4R 35
FAS R TR AR, Hea) 1§, (RNA
(1% 311 5 A% B R T 5 1] ()38 2 & B i e 3l 7 2
L.
3.3 BALZIED L1 stalk BB

R A AN I SR D R . 5 —
R AR R J5, (RNA ) B RIS R
st Ay P LA IR Py E 7. T IEEE (RNA
LW (RNA P 2 05 BR R o 475 b T~ 30S 3. %5 (1)
A L SFI P AL, 4§ t(RNA JERL A/P FIl P/E (24
IRZS. BEJG, 7E EF-GeGTP HI#E4L R, tRNA 435
HH A/P. P/E B EOIRA& 7] P/P. E/E A LIRS
(B 4). AZFEARA TR FBE 45 MR X 5 2R A 45 Mg Tl
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X RFH], (RNA AL d, IRz S
AZ AR R /NI 35 P S0 47 1 235 40 2 2 A BB 1141524,
Rl AF N 508 WFE: 25 M) Ff 4k ) L1 Stalk H)IZ3),
BN A (RNA AL A KB LI Stalk /& 508
e R ST A = S A B SN, EEH L&
11 23S rRNA [ helices 76~78 4L1%. W7 £ W,
L1 25 [ Rk 2% 5 ZU 40 ) 2 4259, Munro 5 #9751 H
tRNA:tRNA ] FRET /55, KM L1 BskIAim T
i t(RNA fREFE IR, R L1 stalk ()3)&1283)
WFH BT (RNA R 3). Valle S5 ¥4 U fiL BT
R, BALE R AL PER 30S T EARXT T 508
WREEZIN, FEBEE L1 stalk 29 20A (#53), [FRE
Eon Ll stalk 7] G825 it S (RNA B P A7 57 A
PSS HIFENL. 454 EF-G IR RE R A VR BBt 45 74 i
7N, LI Stalk 5 P/E 2% & IR A B B B 5= tRNA S8
FEBHBEMOEH. ETX—KI, Valle F5HA
N L1 Stalk WF B2 5 ¥ £ L BESR: (RNA H P AL
MR E AL S R AL

JEAER, Fei Z0FI ] smFRET J5¥E%} E A7 54
o A A7 25 tRNA 5 L1 stalk 2 (8] ({3 fy 221047 7 0T
. AEE KRB, AN EF-G I, B4R A% B AR 7§
P R Z W5, —MRdE e R, (RNA 4T
Z Wit %, LI Stalk 5 tRNA 2 |6 %A #H HAEH
(FRET ~ 0). 5 —MEIEEIRE, RNA LTHRE
FHR Al # %, L1 Stalk 5 tRNA 2 8] 245 B 240 I
£ FI(FRET A 0.8). EF-G I\ AR 1 ~F 45 5 7] Jie
HORAAT, SEFRET (5 5Hom. DL g R%E
By, B FEAF LI stalk B0 E T (RNA 44
HIRES, RGP L E 474 (RNA B IF Rk, 48
MM, L1:tRNA FRET 155 /AR5 H L1 stalk AHXS
TR T H . Hoh, HFFURIE I B/E R
A1) tRNA-LI FRET 5 %% & P/E IR ) tRNA-LI
FRET & A BEZ. Fn AR (RNA F1 L1
stalk #B 2 A B G ok, Bt XX — 45 R
R A AN B A 11

Cornish 255 Cy5 F1 Cy3 X} 508 i 3 /) L1
AL33 B E 7 AT T ARid, BRI T8 REE
B Bt L1 Stalk F SBT3 J1%%. E#H KL, LI
Stalk AHXF T 508 WIEME B 20 3 FhA [ I
GORAS: TR, KM k. fEE NN
FRET A [F v L1 Stalk &4 T 5 KPR B I ey, &
B 7 508 WAk, X ATREMRHE E AL A (RNA HIfRES.
HiE R A FRET, £ W LI Stalk [/ N#£3), LIES
E/E R (RNA I HAHEAER . & FRET /2 i it

%5 (RNA 4T P/E 4 GIRASH MR H), R AT e
BT L1 Stalk s KRR FE B 1A N 2, DLE 23k P/E
tRNA 368, fE# AN L1 Stalk 3@ id #E 4 508
M3 E A7 A &5 48 T A I A T =R A [ 1 4 SR
A, WHIMBEEE (RNA TEZBEIRII4S & Bk
i, I HAX = FR & 52 (RNA R R B4 B A
WEALARZS 2], 24 L1 Stalk 52 8 E/E RS R
FiJE t(RNA FHEAE R, ST —F <" 1)
A A S, UL e BAHEM, L1 Stalk 5 E 7 &
tRNA (A HAE A F25E T L1 Stalk (1) “5CH” 1
R IR TN ER AR AP BY BE (RNA TEAZBE R
RS FUREL R T &R

JBE Tt L (RNA 7578 A7 45 o 5 3 P A% B 4K E £
M. Cornish 28572 L4 K5 70 8% 457 J5 A% B AR 1
L1 Stalk & T4T HARES, X 5B mBEEE (RNA i3E A
E/E {7 fUG FEM E A7 sSUREHOR — 8. Bk, i
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Fig. 5 Schematic depiction of the dynamics of ribosome complex during translocation
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Abstract

Ribosome is a protein translation machine and the target of a variety of clinical antimicrobial drugs.

Therefore, in-depth understanding of bacterial protein translation mechanism is of great significance. Translation

consists of initiation, elongation, termination, and recycling, coordinating to achieve high fidelity and precise

regulation. Translocation is one of the most important events in the process of translation, which requires large

conformational changes of the ribosome as well as the precise movement of tRNA,-mRNA through ribosome. In

bacteria, translocation is driven by elongation factor G that catalyzes the hydrolysis of GTP. The recent

development in single molecule fluorescence resonance energy transfer (smFRET) makes it possible to study tRNA

movements and observe the conformational dynamics of the ribosome in real time. Here, we review the recent

smFRET study progress in the dynamics of ribosome translocation. These advances will provide much insights into

the molecular details and dynamics of the ribosome complexes, shedding new light on the process of translocation.
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