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Progress in studies on structure and function of elongation factor P
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Abstract: EF-P (Elongation factor P) is a translation elongation factor commonly conserved in
bacteria. Due to its L-shaped structure similar to tRNA, EF-P can rescue stalled ribosome caused by
polyproline. Although it is not an essential protein in bacteria, it is crucial for bacterial fitness and
virulence of some pathogens. In this paper, the structure, function and related research progress of
bacterial EF-P are reviewed.

Keywords: Elongation factor P, Ribosome, Polyproline, Translation

FEBIFIESS . EF-P 458 T RIPFE S RRREA
FRIE-tRNA 137 85 (P AL5) FtRNA IR H A8 (E 749)

EF-P (Elongation factor P)J&:—7#h & [ /i B 4L
K+, B Glick 5T 1975 4 M KIGHT B H B iRk o3 2515

|, SEUZLEYIN elF5A [RIJEM. EF-P AT/ T4%0E
IRIIMGERERL L, HSEE A B BB A A 1,
124 FMet-tRNA™ 1 aa-tRNA 4525 mns 25 2
(Puromycin, PMN)Z [EDERUIREE . FEEFIRHITRA,
CESE EF-P T IZAAETARAEAN, BAEN
R AR RE, BV Y& AR Z IR R A R
fifi iR (Polyproline) %5t K 4 Fl' Diproly J&f¢H}, 2

ZIA], R R AT 1, DT R Ak 2
1io ARSCERR T AN EF-P HZ5H . TIRER —# 2
I AT G R AT R

1 EHERENTEE
RIS R PRI AT . AR E RS
A AE R BE, R mRNA £23), — IR 3)

Foundation item: National Natural Science Foundation of China (31360018)
*Corresponding author: Tel: 86-791-88120399; E-mail: longzhonger@163.com
Received: October 09, 2017; Accepted: January 24, 2018; Published online (www.cnki.net): March 22, 2018

E&WH: EKARKRF2EH4:(31360018)

*@IE1EE: Tel: 86-791-88120399; E-mail: longzhonger@163.com
ks HEF: 2017-10-09; #E HE. 2018-01-24; M4E % H H(www.cnki.net): 2018-03-22



1556 (G

Microbiol. China

— AT, P A RRD 10-20 NMES T,
FUTEAR AR TS 3 SR (1) &
it tRNA HRELERRHA A 7 F BT 20045
45 (2) ARL R t(RNA FTP {7 F KL tRNA TE
RO ; (3) 2 MMEIE RNA IS0, M A E P £
PASH P AiE] E v, b idad BT B R0 BHE AL
[A¥(Elongation factor, EF)4#ibh, Hd EF-Tu inik
SAME t(RNA SR0EARIEH:, EF-Ts J& EF-Tu [0
TR scH K+, EF-G k%2 RNA 507 EF-Tu
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Figure 1 Structural comparison of EF-P, tRNA and el F5A%7]

IEMPIRE, FLAORT R IKEE EAFAERY Pro AR E—1
FE AN Pro fil Gly nl FHUKSEH RS BlF LS,
IX 2 PG EIR M AT A 28 SRR R P 5 1A
RS, H SR

2 EF-P %M

EF-P J& ef-p JLH 4ty —4> 21 kD A
5, KIGFFHE ef-p FEEG FULa R I 94.3 min (94
B8 B PGSR EF-P B 3 B TR A5 IR 4L
i, ZEB—A tRNA 23 FHITEARFI RN E 1A),
C I XA 1 5 X8 1 A AR T2 T RE = R
SRR E G TE ) . HEAZAE Y RIE £ elF5A L
[ — 2 tRNA [ TEIR (] 1D) . elFSA A 64%
FIFH) 5 EF-P 3R | A 10 4L oA, ek
AEC N HEFEFEAERE . GAEERE elF5A
TR T — AU EF-P RS

B 65 A
90° D
70 A Lysine
-~
20A
D
Lys51
I
I

e A: FEHEEERE EF-P 454 (PDB 1UEB); B: ERIELE: tRNAP®Z5F4(PDB 1EVV); C: KHATE (PDB 3A5Z) EF-P (4543, 1 .
AT DL R, Lys34 5%3E; D. PRE#EE(PDB 3ERO) elF5A [RIZ5 I, | A1 11 R HARSFAY Lys51 5R3L.

Note: A: EF-P from T. thermophilus (°PDB 1UEB); B: tRNAP™ from Saccharomyces cerevisiae (PDB 1EVV); C: EF-P from E. coli (PDB
3A5Z), showing the domains I, Il, Il and the Lys34 residue; D: elF5A from S. cerevisiae (PDB 3ERO) with domains | and Il and the

conserved Lys51 residue.
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Figure 2 Post-translational modification system of EF-PI”
W A KIGFFIA . A PUICTA . PERR v [CTA EF-P AS5FIEL1

T FLERH MR-1Arg32; c: M%7 [ DC2201 Lys32); B: KIGHFFE .

Shewanella oneidensis MR-1 EF-P

TN LLR N R S RE PR R IR RR G I (a
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EpmB (1#54 YjeK)Fl EpmC (54 YieM)™, &
fifdi EF-P Lys34 47 F— ¥4k B-Lys ‘B REMH]
(I 2B)2131

EpmB & Lys-2,3 &7 i (Lysine-2,3-
aminomutase, LAM)F[RIVEMA, A= 2R,
LAM & [ 38 % {214 (S)-a-Lys $LAL(S)-B-Lys, ik
WAFT ) EpmB K (S)-o-Lys F8464 (R)-B-Lys, iXiE
J& EF-P 2B AR5 —20 . EpmA S22t tRNA
BN (Lys-RS2) R A2 [F] IR, 155 Lys-tRNA I

Kocuria rhizophila DC2201 EF-P

S. oneidensis

P. aeruginosa

N. meningitidis

HO

HO
Fa
NH
Arg32 /k
532
=Arg3 N NH
dTDP rhamnose H
Rhamnosyl-arginine

KIGHTFH K-12 Lys34; b:
YOI G B AR FC ARS8 18 EF-P (Lys34) 1Y p-#it & itk Je 2 5k

e C: A FLIRE . SRR N B AN AR A XU R H EF-P (Arg32) B IHIE I R4t

Note: A: EF-P from E. coli, Shewanella oneidensis and Kocuria rhizophila, showing the domains 1, Il, 11l and functional amino acid residues
at the end of N (a: E. coli K-12 Lys34; b: Shewanella oneidensis MR-1 Arg32; c: Kocuria rhizophila DC2201 Lys32); B: EF-P (Lys34)
B-lysylation and subsequent hydroxylation in E. coli, S. enterica and S. flexneri; C: Rhamnosyl modification of EF-P (Arg32) in S. oneidensis,

P. aeruginosa and N. meningitides.
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Anticodon loop

a

B3 tRNA ZREMRALIER-EF-P E &R RIFGEH
Figure 3 Secondary structure of tRNA™® and crystal structure of the ribosom-EF-P complex™*!
T A: FERATE(PDB 3HUW HI BHUX)IY EF-P 454 FRMHA E RLRI P {22 [l 5% B2 tRNA™M®, JLh Ay 508 1 30S WALy

PIERIERE SRR G, EF-P BRFESE, t(RNAM GORNE6, HAE N L1 B8 WL 0, B: BEBRIL EF-P SipE kLS
GHERIE, BiesnRE A B, REEER 23S IRNA FRIETERZIRAR I fALAZ 0 (A2451, U2506, U2585 Fll A2602); C: FEIANES

tRNA™ ) — g 4514

Note: A: The EF-P from T. thermophilus (PDB 3HUW and 3HUX) is combined with the E and the P site of the ribosome and contacts to the
tRNA™# the 50S and 30S subunits of ribosome are colored in light and dark gray respectively, EF-P is shown in dark green and tRNA™® in
purple; Ribosomal protein L1 is shown in dark red; B: A model of lysinylated EF-P bound to the ribosome, color coded as in A, and 23S
rRNA residues at the catalytic core of the ribosome (A2451, U2506, U2585 and A2602) is colored in light green; C: Secondary structure of T.
thermophilus tRNA™®,

EAFA GRS, JUAESE Pro FRIEMRIARERE) B FOLE, 155 3 4 Pro FRIELB A S HAZFIH
T e SEUEEARIE S, EF-P A] U&FW%‘MSB’JLE, FE. NT5A PPP 5, PPG EJF 3547 poly(Pro)
[FIEHERE Pro RIS A Z IR EIEIELL(E 4). FPANER A R A AR, S5 EF-P (WAFTE
L) 34 ProFR AL LIS Iﬁ%%ﬁﬂ%miﬁ 2Pro  ATDMHCHINGE, R IE R A REE

Pro
Pro

B4 EF-P SixsEkiEmmE

Figure 4 Mechanism of EF-P action on the ribosomel”

TE: A: Pro 5 Gly 10 F—MHERINEIEIR S 2 MMESE Pro BREEZS G5, BOMHAISI, RBEILL (RNA EEY)S, E (50T EF-P
454 B: EF-PAIAYNT E QLM P AR ZE), fEEREIE R C: EF-P ARG, BRI,

Note: A: The ribosome stalls after incorporation of two consecutive Pro residues with Pro or Gly as the next incoming amino acid; The E site
becomes free after dissociation of deacylated-tRNA, which allows for binding of EF-P; B: EF-P accommodates between E and P sites and
promotes rapid peptide bond formation; C: After the dissociation of EF-P, the translation is restored.
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