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ABSTRACT

Chloroplast is a subcellular organelle uniquely present in plant kingdom, and is responsible

for the photosynthesis. Considering its endosymbiotic origin, chloroplast has its own genome.

However, the majority of chloroplast proteins is encoded in the nuclear genome and pos-

translationally targeted to chloroplasts. Most chloroplast interior proteins possess the N-terminal

transit peptide, a chloroplast targeting signal, which is necessary and sufficient for delivering

any client proteins to the interior region of chloroplasts. One hallmark of transit peptides is

their extreme diversity. On the other hand, the mechanisms for protein import into chloro-

plasts are very limited. In this review, I will recapitulate the physicochemical properties and

domain organization of diverse transit peptides, and discuss how limited import machineries

can accommodate chloroplast proteins with diverse transit peptides.
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Hwang, 2018).

Transit peptides= oM oA 7|5 k= o]
% A5o]3l, AXH), M, peroxisome S OF O]5d=
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(Bhushan et al., 2006; Lee and Hwang, 2018). ©|20],
O] X} EZ(secondary structure)O]] 1O1A] transit peptide
E2 ¢ 854 (flexibility) R} unstructureddt EA4J
S AY I QJr}. §IHO| transit peptidesE Ql4lsto] &
A4 W2 SidS $3551 7RSS - $YE
o] Qlct. AlEZAoAE heat shock protein 70(Hsp70)
F= Hsp90 502 4% UHFZAQl chaperone=o]
transit peptideS Q143Htal L&A Jch(Schwenkert
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1. Transit PeptideE 0|89t HEA WEZ2|

B 0|5

Transit peptideS 0|83t Y= HRZO] iy
o5 o] TAE AAA Loldth(Lee and Hwang,
2018; Li and Chiu, 2010). HA] A|ZAo]|A FH=0]7]
FEA S ohE A ZEA7]| O 2 O] mis-sorting

2 3o} AL AH AZA= ol58loF Hkeytosolic
navigation). 1 &, transit peptideS 0]-8-5}0] FEA|
2]9t9] Toc translocon E3A|2} A5}, Toc translocon
9] Toc758h= 5T (channely& 550l FEA|
QukS AR QRS St Tl intermembrane
spaceE AZ] ThE, Tic translocon ESHA|E E5l0]
E4 WekZ astA Jok dEA diido] g&A
o5 B W), stroma]] ERJSH= ]2 chaperone
A S(Hsp93, cpHsp70)°] A'd ATPase 2] <]
3] ExtEcky 284 QKL and Chiy, 2010). 1 3,
transit peptide:= stromal processing peptidase©]] 25
Ak cleavage)©] FTHRichter and Lamppa, 1999). 0]
o, 2] F=A] Wit ShHEEL Tic transloconS: &
2oz o] vetoz] 41210] ololicksop transter
712 (Fig. 1). &, The FEA Wt EEL stroma
2 WA o5 The §EA) UEtos AETE gt
(post-import 7]ZH)(Fig. 1). ThylakoidZ o]55k= T
A5 transit peptide”t A Fof] MEA =EH o]
& ASE o]&51o] thylakoid WH E= UFOE 44
THLee et al., 2017; Fig. 1).

2. OfO.=t =29 2O Transit Peptides
Atoje| 3&H

A2ollA AFTFAR0], Transit peptides DA
Z(primary structure)©]] 1A 1j-¢- THYSHdiverse) 4J
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and Hwang, 2018). SFA|qE, ofm]Al 2AJ9] Hdo)| A
= 35H EAER EXSIt AR transit peptides
2 serine, threonine™} -2 hydroxylated oF1|=AHO]
B3x7} Ags] WrkBhushan et al., 2006; Bruce, 2000;
Zhang and Glaser, 2002; Zybailov et al., 2008). 5}4]
o FEA wiFze] S ool 9lo1A] o] serine/
threonine®] o3-S o} 23| FEE ub} gick. 9]
UsHH, o] serine/threonine ZH7]5-S alanine® = X8k
Al transit peptides A'd FEA GHd] 4L, ¢
EA|R29] o]Fo| AR o]FoiF7] HZo|TH(Lee
et al., 2006). YA serine/threonine 27| F¢]of Y=
hydrophobicdt of|leAbE2 TelZo] Alxas Bt
< off Wi F85iths ARE FHESIA 22 & S
THLee et al., 2006; Lee et al., 2008; Lee et al., 2015).
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Fig. 1. Overview of transit peptide-mediated protein import into chloroplasts. TOC, translocon at the outer

envelope of chloroplasts; TIC, translocon at the inner envelope of chloroplasts; OM, outer membrane;

IM, inner membrane.

arginine Zt71E0] ZA3l=t], 0] arginineE°] HIZ F
EA 29 o]5Z FsH s 583 motifE FEA
UTHGe et al., 2014; Lee et al., 2019).

Transit peptide®] &7t F-9jo] £A5}= opn|AlE
2 XA B, 245K negative charge)S 1= glutamic
acid/aspartic acid52] XX T} A SKpositive charge)
£ I3 Q= arginine/lysine®] E3X7} G4 W2 AS
& &= Qlth(Bhushan et al., 2006; Zhang and Glaser,
2002; Zybailov et al., 2008). 18], o] FHFE A
oANS S SASHE AW oAl & XSGl
o, AEAZ9] olFo] AZelA AliEl= 2 Sl
4= QJAth(Lee and Hwang, 2019; Razzak et al., 2017).

URAEf O, transit peptide S 62422 AT
9] proline Z715 AYil QJckBhushan et al., 2006;
Lee and Hwang, 2018; Lee et al., 2018; Zybailov et al.,
2008). ©] proline ZF7|9] 7152 o7& (Arabidopsis
thaliana) 82| (protoplast) AJAFolA] 53Tt
(Lee et al., 2018). SU|EAIE ©] proline 7| &

g gAR FAE ASA FHAY] olF & 5
SO FEAY ek S o] HolFog &
&t A4S & & AUATHLee et al, 2018). H=O]
transmembrane domain(TMD)S X thylakoid = &
i 210] 749 transit peptide]| proline®] §lOH FEA|
WHE o5E= AL, F5A ee=z9] Bl 4
o] olFofx= Ze WEL = UTH(Lee et al,

2018; Fig. 2). Wb 0] proline A7]5-2 F24) Y&

chaperone o 8%l =%0] &

‘a’ == =
old 4 A = T541Q motife A= ECHFig. 2).
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0|83t shuffling AF-& 283t v} QIck(Lee et al,, 2009;
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transit peptide®] EH|Q1S o]-83lo] AZFE hybrid
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QlQitHLee et al., 2009; Lee et al., 2015). §20]
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BA1591 transit peptide2A9] 7152 S HY
THLee et al., 2015). £3H 02, o] AIEL transit
peptideS2 i SR thFdE AU UARE
I 7keH o A9 FEEE V15
motif 7 EHQ10 & F/dE o] Qlth= M2 AARITH

carboxypeptidase Y

=Z0]o
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Fig. 2. Competition between inward translocation and lateral insertion of chloroplast membrane proteins

into outer membrane. TMD, transmembrane domain; TP, transit peptide; OM, outer membrane;

IM, inner membrane.
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Fig. 3. General domain structure of diverse transit peptide.
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