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The regulation of protein transport system by signal recognition
particle
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Abstract: Protein is one of the most important biological macromolecules. In the protein translocation
system, many proteins, after being synthesized in the ribosome, will enter their corresponding
subcellular organelles through the endoplasmic reticulum or plasma membrane to play a important role
in biological functions. There are three pathways for protein secretion, which are Sec pathway, Tat
pathway and SRP pathway. In this paper, we present a basic transport pathway of protein, and mainly
introduce the translocation mediated by the signal recognition particle. We summarize the composition
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and function of the signal recognition particle and its receptor respectively, and also make a brief
explanation about the regulation pathway. What’s more, we introduce the relevant YidC membrane
protein family, and we also have a new insight into the existent of the signal recognition particle

regulatory system.

Keywords: Signal recognition particle, SRP receptor, Transport system of protein, YidC/Oxa/Alb

membrane protein family

RN EA T EARE AR EE BRI
Bl B Fs Ll RS Y R N R RS A
HHEEMEH, SEYEE . A arFpoR ST e
BARSR . 3H Bl W R TR A B S s T 2z
B2l OOy g NS -2 T NN U I 110 S
Jif0 i S A4 i D L RE ) A RE A A T RE A4 A
PEEAD, &G e s 2R E A1 g K
RS E A B2 8 H AR R

1 BRH#ZRENERNTH

TEHZAEYMEZAEY AR ZEA%EER
7, HpEZ 3. Secikft . Tatid 4z Ll K
YidC/SRPi& A% ; KAIH 20%—30% 2 4 T AR ¥ ] T
AN RN, FEER AR S b, 4R R A
MAYC L& T —EPE iSRRG
()28 1 o i 31 J8 o 2 0] A S AR MO RSEA b . 24 v 4
MEERZAEYEYRRGEIR AR 4%, BT
AT AR SR 3 AN TR G B 2 O o T 4k
AT, U B B — SO ER [T 43 DA 3 240 o s
1 1) — BE IR 1 A A i B 40 i A h 2 ) DA R A R
AW iRe, XA R o i, XA
PR R A FECY R T RES I L X SE T fE
oK, SEREM A A AESE L L R PR T 2 H R
g5, HrhR FEA 2 SecMITatR Z (K1), Seci
R EEWE A zER, . HERN
i i (Plasma membrane) ) 5 ELAZ A= W) 410 ff F) PN Ji
M (Endoplasmic reticulum, ER) I #B % $55 E 21
VEFIPY, 157 K AI90% I Bt (70 WA 2R 1138 1ok i e
TatiZ A2 A] A a e A o h R & 4 i B 5T f
TEHK AP F R K, SecHITat R GEHIVEHIHL
il 2R R

1 JIMEENEARIZERE

Figure 1 Several main protein transport pathways

TE: 1: %—FE SRP iz ikfe, 7EXFhiRAEH SRP ATLL 5%
WK LB LS KBRS &, SRSl SRP 5 HZ KRR B AR
AT LKA B 00 AR5 % Sl I 2R A TR N A 404 5
2: B TR Sec FeimikAt, KRR &M E AT DL id
WERERIZ s 3. SB=F0h Tat #idig e, KB ESIrEIN
B BT LG AR S

Note: 1: The first one is the SRP transport pathway, in this pathway
SRP can combine with the nascent peptide chain on ribosome, then
through the interaction of SRP and its receptor can transport the
protein into the protein conduction channel and arrive at their
corresponding subcellular organelle; 2: The second one is Sec
transport pathway, a majority of proteins can be transported
through this pathway, and these proteins are not completely folded;
3: The third one is Tat transport pathway, most of proteins
transported through this pathway are completely folded.
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A AR 1 B4 1 R S 9k iz 2 A
N 2B LA B ARREAL, 53 WA EE R B AR A 5
HA5 SRk (Signal recognition particle, SRP)A"
REfe Iz B , A R AR SRP 760 Wik
HE A s R A EZEN, JEHE T
AT AR P I A B AR O]
A AR BB RIS AT R SRP ZH 045
PSR BT RS O TSI E T, HEIH
FERE TN 4T Funes 2EMF ST
T =BG WRRY, FFAERR hR h AE
A Ao 8 v S — BB e At T S 1 B 1 o ) R DR
WD BTSRRI YidC/Oxa AR ISR A
i, BVEHEATT DL S Oxal 5214 Mba I (0%
IREs G XA EAEH ; 5 SRP TEZRA T2 AL
HB AN AR E AL T 2R RS . ISR i
THELUG DT L AP A A AT 2 SRP A1)
ATRGARR -, SRS B 2 1 BTs 6 RIS,
MBLE T A His i iz 2Lt

2 SRP #2812 M 41 B R HARIEHLHI

1975 4E, Blobel 4R 1 T «f 5 i "1,
1980 4F, Walter Z55— 3 174 Es iy SRP!, JiE
ST SRP EEMHAR A AW, ERES UL B
LRESIRA, I BREUSA-AZMRA 5 P 5 o
&, FEOMIER T Blobel’s {5 51k, FfiJS Meyer %5
NIEER AW RIT SRP Z&M ) | tgsr 7
— BN SRP A0 UAEE RIS EE 4 1EU3) AN
FAZHLH, fRIFRR SRP 348, SRP RAR1E EZ ALY
R, PR AMTTIAH SRP 248 RAFE1ET HA%
Arh, (BRSSO TE A Y P 2 BT SRP
azmpal,

HEAFRA MRS, F5590n SH
FUR M EAE LT B A FiR, —Fhoh Bz R
MR, Mo ERE s hLH " SRP i34
SEABFEEZRE®E, BN =2 —NE
FURSAS A IEF RN RS, A5 A W P R
DR BRI e R A T P SO B o I ) 3 D B, 1 i o

N7EFE F (Integral membrane proteins, IMPs) DL E
e by v g s AR A IR EY
2.1 SRP RHEZ{KBILERK

SRP 7E4 Wb sr gt 10 L s
SRP H A4 A%, B 300 2 BlFE ) RNA (7SL
RNA % SRP RNA)LL K 6 N HkeH "™, RNA
It H B IEIE S, 6 2 KT ARSI RNA Jf:
HARB L E, & . I ENSs A S FiE, 6 1
ZIK9FR A SRP9, SRP14. SRP19. SRP54,
SRP68 A& SRP72 (& 2). SRP54 {v T It/ T
W%, fets 5155751100 ; SRP19 4Bilr SRP54 &
H B IS8 77 1 1B 42 ; SRP68 il SRP72 X145
H iz A B2 ER]; SRPY Hl SRP14 i T
SRP K43 1) 55— ity ol LABH L 7 A R B 1) S fef (3
1)o SRP A LIS P AR B X0 Alu Z5H43
S gErgR", Alu Z5Hgssk i 7S RNA (1) 5-F1-3

A

SRP19
SRP68/72

2 ESR AR B

Figure 2 The composition of the SRP

T A FZAEYT SRP IZLAL, SRPJZ 11N 7S RNA Al 6 4>
B 1 B R R IR 1 UKL, Alu 25K B2 55 SRP9/14 il SRP
RNA [ 1-4 $25€, S 4540 4% SRP68/72, SRP19, SRP54 L)
J2 SRP RNA [ 5-8 IRJiEZH; B: XA+ SRP HILLAL,
FEAA T SRP H1 H AT & —~ 4.58 RNA Fil SRP54 [2{LI4).

Note: A: The composition of SRP in Eukaryotes, SRP is a
nucleoprotein particle consisting of one 7S RNA and six proteins,
the Alu domain includes SRP9/14 and helices 1-4 of SRP RNA
and the S domain includes SRP68/72, SRP19, SRP54 and helices
5—8 of SRP RNA; B: The composition of SRP in Prokaryotes, only
one 4.5S SRP RNA and the SRP54 homolog are included in
bacteria SRP.
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F1 FHEYPESIARBR R EZARER

Table 1 List of component of signal recognition particle and its receptor in various organisms

it (EREa VI

Signal recognition particle

Species

fr S PR SZ 4
Signal recognition particle receptor

E%EY) Eukaryotes
RNA

T4 E Archaea
HF Bacteria

FHHINT LK Plant chloroplast

One protein (SRP54)+4.5S RNA

Six proteins (SRP9, SRP14, SRP19, SRP54, SRP68, SRP72)+7S

Two proteins (SRP19, SRP54)+7S RNA

Two proteins (cpSRP54, cpSRP43)

SRa+SRB

SRa (FtsY)
SRa (FtsY)

SRa (cpFtsY)

UiiA S SRP9/14 EEEAI B, FLTIifie A AR %) SiE {4y
FP; S ShFgt i 7S RNA 5P ]ER43 LA & SRP19,
54 DU 68/72 AW I A, MLk g T2
5SS FHRBILL S SR-SRP & 5 #(SRP receptor,
SR EAE P,

EIRZAY R SRP B4l Ak, 43l
SRP54 HZEI4 Ffh 1 4.5S RNA, Ffh j2—245
SRR BT, FTLARE SR 3 45 N S5
G S5HIILL S M S5RIP . N s T N i
—A~H 4 METEA R — RGBS I HAE—vm
T, G 25 HUE— R GTP BFZEHIL, M 25
PN T C I — A5 & IR R 45
N ZE 35— B 1 G5 AA3E N G S5 A B B K A%
JIFEEME A —RER— TR AGHK NG 45t
. NG Z5F38 GTP BG P H T LA SR A E.
YER . M S5t i KR 5155 A, 7FH
55 SRP RNA R — A Heab iz, stk Yy
SRP H A & —Fh 22 kB SRP54 2SR Al —AS /N
4.5S RNA, T AP SRP DI RERIRSFHY,
JRRZA ) SRP RSR T LI it [ 20 % s Bk
JRPIEEA I E T IR S5 . SRP ZARZE A
R A BT Llid SRP A2 542 .

AR SRP Al ER 4L, 645 7> SRP
(EP SRP19 L) & SRP54)Fl1—-~ 7S RNA,

FUAZA W) SRP SZARGE H F S /4 : o WEHE
(SRo)F1 B WWIE(SRP). SRa A 3 MLEHIE 510 N
ZERIR . G Z5HIRAT X k3. SRa ) NG 254435,

J& SRP54 ) NG Z5ty ) RIS, HAEDIBE S+
- #85 SRP54 NG Z5F9 3R R H 76 8 (1 5 B
ez R R AP AT LS SRP54 NG 45 # BUAH B4
A SRB & —4 GTPase, 1A — I —myis
S AR (T DL R A B U L . ZEZH S ' SRP
ZRBEFBEFRN FtsY, J& SRa MEPIHZE—4
GTP fifi, FtsY fUffi—4> NG S5t f—14~ A 254
B, FtsY i NG Z53nT LIS BUBAH B AEH . 21 H
HIA Ik, EXTEAZ AP i AR 58 & B SRB S [+H]
TR R IATAE

TE = SEAH Y R SRR S BAEAE SRP, S 40TR
SRP ZMEERA—1F, MHE{ARTRAEAE SRPRNA,
{UFEAE—1> SRP54 HZEMLIY) cpSRP54 Fll—~It4¢
KA R cpSRP43, M4 SR L R AEAE
—A~ SRo. W [RIJREE FAFR A cpFtsY ., {H2iFos M,
FEA A B A P ABASFEAE cpSRP RNA, 7EHE
ESEAYEFIAS BN AL T SRP RNA [IFFLE, 1F
i3 5 Ak Ao A i Ah T A TR R g A5 A 20 L
]k 25
2.2 SRP ERIZRIIFIEHHI

K ZH BN AP R AEAE DA 32 B 5331
LT AR AZRIR, HSRPIBARTES LY hik ik
TRSFRT, SRPEEE R GEHIHLH— BRI JLAER AT
R, BibifE CE R T PiF SRP 5 SRAE
7528 SRR g (5 SR Ok A A
YA 5] (SRP-mediated ribosome targeting, SRP-MRT)
SR L H RIS AR Y, SRPE S S5 % pE A
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WHEGRE R EEEIET AL A
(Ribosome-nascent chain complex, RNC) | [ F 55
SRUUINEE G 55 AR R 55 R0 R 32 (44
RBEACH 1] (SR-MRT) & Fts Y 1] g 1 3 o5 R T4
HERTA AE DA AR m B L, BEJS i
JEE PN TE 2R 1 I mRINASHE ] 225 -G A% A |, B
J& SRPUIAZA A L A 85 (55 78 5 455
P B N M s BEE N, AR R A
TP 2 R R R SRP S AL, A B Ak T —A
JKAH B PR 1M SR8 1 5 M AR 5 e 91 B9 K
g, SO R A FI TP 45 G i HL RIS
HETE R ATE . ISR 5 3z A
Yrog o e S A6 27 S A 55 7 EE X SRPAY 10 2 1
BIRARIEAT T HERARIBIFE A SO —Fisin
e, s mEB TR

ST N SRPIEARAH HL, RFZRAEAAR P 1) B¢
PUEFI SRR AR D . fEE R b R, #%
BEUR A A AZ O DL SR BE 1% 22 ik ) 3 1
1] B DX S AR SR AR R 2R 0L, (H A — LA [
N i F £ kA mRNA Bkt = SD J¥ %] (Shine-Dalgarno
sequence) N REMS R JFAZ A W) —RELE B bR, H—
SE LRI 1Y 2 BT TE B AL ARy R
WS R, AT AR B 0 5 R

SRP A4 E E A IEAE B RE 5 K. Y
55T 5 M 22 JIRGELE L T A, SRP Sl
FKVERIRG RNC _ERfE SR80 E45 6, MIiTE
B RNC-SRP & G YRk B[R 2D 518 i IE A 75
G5 A 8-12 MR LRI I A B K
By, HIXSCEIERRIE N, o BiELs R0, 1R 25T
W] SRP JEifiid H M S5 H 0 & 10 FH i R A 1L
T—HUKIEEE SRP nl AR AR R 25 5
EFEEFHICY, SR M 5B B B R T LA
T — A HK HIARER SR (55 s —A
F HY Y46 PR A5 R RT3 0 34 42 40 0 Y A R A 45 4
HH LA BRIz Ak, SRP (N 5 af L
SRR SIS T AY L23 2 A AP,

L P EAE S SRP Al LIRS RHA |-
(IS S P A TS A o AERSE A IS S 795
FEH, SRP AR IER B A A E G4 A1
MR BIECRPY 5 SRP 454 BB A5 S RS I K
AR 140 DNEIERRER AL, PO FRAE—> i (8] i
5 T PR A o i o 2O

SRP 5 5 I 4 2 (I SRAH EAE T, JFHH B
RNCHzZ| ¥ i I, 7EI B2 SRP S SR JEIE
AR RE B R RS e SRR Y,
B A T B L T2 B N BB B AN ER 4 A )
HEBT, SRPHSRIEMIANGTPRE, B AT THINZEFR
e AR AR P75 SRP 5 SRAH AR BT 454 0 24
ANGTPEEAS G5, AR PR DX a0 ST o Ao R e 4

SRP

- 0

3 ESIRAITMNEERG

Figure 3 The Signal Recognition Particle transport system
TE: SRP PRGBS 184 ik 55 RNC 455 5t 5 SR 19
FHE AR PR R B L BRI 1R, 3X 4~ SRP-RNC 23!
HIEAEOETEE; EXNEEWIEE)S, SRP 5 SR %
Wi, FEAF M E NS,

Note: The SRP recognizes the nascent signal sequence in the
ribosome and binds to the RNC cargo and then loads it to the
membrane translocon through interaction with SR; Once at the
membrane, the SRP-RNC unload the cargo to a protein
translocation channel; After the ‘cargo’ is unloaded, the SRP and

SR dissociate from each other, allowing a new round of protein
transport.
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3PS GTP fiff A RS A% Jy e 1) SRP-SR &
HW 5 FIBFAEX AN KIS R A o BBE(03 T 0d)
A o O A L R B ORGE N NG 2 4 sk P S Y
FHE,

SRP 5 SR AHEAEFI AT LR ALRE K SRP - 71
M RNC &AWk A I8 (4% 12 38 18 (Protein
conducting channel, PCC), it NG Z5 38 Py Al
MR EHE, SRP 5 SR Bk Ertg ., TEfaE
SRP-SR & A WKFERE -, T GTP BT UA & 1
. 7EX At SRP-SR 4 NG 45 4 80 i o
MPUAZ TR ER 2] SRP RNA (3L, af LR
WEURIEIE . RNC A 845 i VB F AT ARG S0 bk
A, MR E AR ) R b AT T o

GTP/Kfi#5 , SRP-SR5F it — A B 43 Mk &
PGSR AT F — R B R 520
3 YidC/Oxa/Alb JABHZK K S 51 SRP §
Bk

R AFHE T, YidC B AR HE e —
TAEWIF IR B TR . YidC/Oxa/Alb 5
FIZ I el R BRI Oxa 211, T 1994 41
LR b R I A 44 5%, AU YidC 2 A4k
FEM SRR AN I TP & B, YidC/Oxa/Alb JEEE 111
{14 Ty R A2 T JE PN 7 2 1 1A AR 35 31 40 i
JRMEE | LA (10 P L R I g A e (AR
YidC/Oxa/Alb R [ 7] IS AR 12 19 8 1 iR
N IREERE o GG 2ok A b il R A A G 1 3
Ji . PRERAR P I AR 2 A A R 1 AR AN TR
1) ATP 5 BUAHC & H T,

YidC/Oxa/Alb B FHREA 5 RISIRESH, &
T N A1 C 3 LA B ] A KA O X R =35
OYUU . AR B BE I B A AN IR 1 il
%554 SpolllJ (YidC1)Fl YqiG (YidC2); # %[
PR R — SRR (44 YidC s kiR
ANES 914 Oxal Fl Cox18 (Oxa2); M4
FAHETNELHN A3 1 Alba ]

2 BT TP YidC o N S S — N R

45k, C i RS R . 2 R PH R P
B I YidC 78 N SR/ ik 4 AR5 5
YidC1 Y C REsm 5 BMER YidC 19 ¢ BEAMLAY,
{HJ2 YidC2 19 C E¥mE e YidC1 MIBAMERF Y YidC
K2y 40 NEIERIRIL . MR RLR AR Albs
il Oxal 1) C Eum#f LBAPER H YidC (%) C BEK
PESCHR[4 1148 , T AT AT LAASAHT YidC2 Fil Oxal Y C
FRAR A IE R DB, RPN AE AR 1 REfs A1 FH 2R s A] 2P
B3 iy B 1 T ) 3 40 O R AR P A
EHPAEREAMENE ¢ BUrsl$6, YidCl Al
Oxa2 &AM C Bt AR A ZEANIIRE.
% [ PATE R EEKEE SRP k5 S8 A R [F
Hhtia , MR YidC BAEZERT IR A A Oxal
flLhBE™,

4 BEERYE

BIEJLHEDSE, EEAREGMN., 4%, 1S
VIR is A AR s Mtk e, B KRR
KRR N A B8 it P T I P32 i 3] v JR S AR sl
T A EA T LR e, AR B 1 0 BRI RN A 3 (R I ]
DA N B ) A 18 L R B e i is ) SRP @Az
SEARCH UL R i3 [ A

AR T SRP Seiz A2 i) B0 A )
HELZHUH] . SRP iz R B4 R — 1 e E
A EAFZIRR . 7R [RBAYE R RGAT i o
o 5 5 R A B B 45 AR S T RE Y AN
AT AR s 2% P BAE B Hh A S R o R
WEERE R YidC B AR, AT DA SA%RH A
A KB R DUAS 280 {55 1R 1 0K 178 3 531 B ml 58]
IR [ 2R

A 21 ALk, HE S FAEYER E Ak
&, B RTEAFTNFEE P 5 AT sk 5
19, IR ok bk 2 BRI ST 5 T IR R 2 R B B
Hi SRP FEizigfhith, ARSI EWENXT SRP
REHATTUR, FEARHAFZ YRS
Tk FHAZ s SRP RTINSt fER 5
iz BIAH N A ML AR DR AR IR RIS R AR S
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