CHHZ] S50 X ssrA AJAE!
(An ssrA-tagging system)
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q- 7] SIiAl= ee] EYS ool 7150l S AR 25 Fstolwt gtk E3 V)5S
Lo oot saso] Azyelx 98] A=A, 5% SEo] A7 Hololt Heket 7%
& oF7)%k shnf, 4 T o] AlAEE o] Ay 84| 71 (mechanism)o] 7]& gt} E&
A2 £S5 514 S5t DHAE2 SA] AAEoof gt o]l protein quality control& $5te]
AlZYo= -2 chaperoneS3} proteaseS0] 23, o thi Al BelAj5o] o=
HE 7EA 3L QLo A Aol wheka] 2ute] Al oA (Janug) M E At o] 285 it 2 i’“"ﬂ
A i AS AASH 71730l thafA =otarat sh=tl, 53] 2HE(ribosome)ol Al ofm] At F¢lo]
745 o|97 ol2i3t non—native THAEZ0] MEYNA AR =] 27T

NHYYA S-S A ASIILAL S Tl o] 8] 78 (ubiquitin)o]2hs 2 T EE £olil, o]
A= Z2E 2.E(proteasome)o]l 2Jsto] FA Gl AS ofn|icibo 2 FAJTIT LAY HA
& eI -T2 o AlA" o] AR thE of] W o' TASS AlAsk=T, 1 5 T
Ballstehs Aled 2 47l A|AEo] ssrA-tagging®H otk B4 27 (g EW Y42 B4
], miscoding A £, rare codon, 7t2EA| -t Xaa—Prod-2
7F BAZ A S)olAE BEEY 750l AEAolA] Ksto] Tl YIRS Whe] shA] Srekal WA
E=d, ol2igt A folls A5te wfdo] nhsoiA|7] 4lar, ]2t Z5te S Aol Al SA)
A|A= ojoprt gy, ofuff 0]-gu = T Faf FEA]7} ssrA-tagolth.
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o] o] ThEoH L, o] 7IEEA| U] £ oAt
A (Ala—Ala—Asn—-Asp—Glu—Asn—-Tyr—Ala-Leu-Ala—
Ala-COOH)7} 201 A3Ie}. o] ofm|ieil A F2: o] dof| ofw] &
A E Al 10Sa RNAQ] A} AHZo| )L} AA|R o]
10Sa RNAZ} §l= S| tidatE 7HA) L Hdl A%s 3 4
= oA Bzl 4 opw]ieAl EA7F YehA] okgiTt”
10Sa RNA= ©]1] 1970\ th 2ol th+#9] 10S RNA Z2lojlA
HAE o, 2778 A5 AR 0= QFRE RNAO|T of 23t
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T=lo] tmRNAZIE o]&o] oAt ssrA-tag Aol tigt
AL ol thA] AFB7|R SFL, ssrAE of|ieAl AQl FHeoll &
oli= Mol gt tmRNAQF 71 #4t 7] of| s M| st
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(transfer—RNA)2} mRNA (messenger—RNA)2] AZE FA]9
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o] A E A dEFeh! 1 & 39 ZA et vhae A
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o] oJsto] 5 —heho] ¥ RNAse I119]| &Jato] 3 —dtho] A=yt
t}.” tmRNAZ}F mRNAAE coding®= 22 9hA] oldat diakat
o7 o FHAE ti7 SN E AYolA AF HoARH: &
7 otu|ieAl AES codingdleE G71ALG0] Q1AL 1 HEZ Hofl=
stop codon (UAA) E3F EA381t}, Fig, 12 2] tmRNAY]
OJAF2E HojF= Aol

tmRNA+= Blast®} Patscans2] T2 ofg] dlg|gjo}
oA Al A Elo] 7kl Qlar IgHH o' w9 HEEeQl= A
= % & Sloh AA Aw Aol Hed e dhH gopet
thermophile, cyanocateria®7t ofUg} Ao Thol](phage),

nEZEol FEAEE Alsdt A4 AD A=A (chloroplast
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Fig. 1. Secondary structure for standard tmRNA from Escherichia
coli, Figure adapted from the tmRNA website
(http://www.indiana.edu/~tmrna/).

of the “red” lineage — red algae, diatom, colorless algae)©l|
A= ARSI, oFA7AE =M AE GEA (green algae,
higher plant)ol|49} archaea &= AL oAl WA
A ¢kt Qitt (http://www.indiana,edu/~tmrna/). BA7H] &
462%-9] AYEA A 5697H2] tmRNAS] A7|AHe] g Fct
(20054 29 229 @A), In vivoollA 70S B]EET tmRNAE
AR Agelal, 2EE 1071 ek gt 7H9] tmRNA #4734
ok tmRNAZE 2lEEof ofFA|, oftjol] ZofeAl= A
2 A8 (cryo—EM) 7|0l &Jato] grafict.”

sstA7t 22 THHEIO| My

tmRNA7} o]8 7 trans—translationZ} ol Hoisl=z]o]|
oF mele MITHH eS| Robert Sauer 14 Z1550f| 2J3te] A2 A
A=t (Fig. 2).%" 152 §-412 mRNAQ| 75 o]83ste] 7]
He Astgletl, 1) gEEo] FA412 mRNAS ThyH o o4
A& 8kA] Fokar WaA €k o) tmRNAZF 2l 2E9] A-
site] E017H Bt 2) tmRNAY] 3 —E&o] dehd(alanine)
© 2 nascent Z¢] HELO|E Alo] AgE=d], oJAo| ssrA-
tag® A WA debdo] ek 3) #4721 mRNAZF tmRNA
reading frame®] 0] coding®|1l F4 2 mRNAE 2| HZ0]

A GojA] Uz "ot 4) A2 elongatione Al dojukal o]
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Fig. 2. The tmRNA model for ssrA mediated tagging of proteins.
Figure adapted from the tmRNA website
(http://www.indiana.edu/~tmrna/).
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Fig. 3. Structure of the SspB-ssrA complex. Ribbon diagram of
dimeric SspB with transparent surface is drawn. Each subunit is
colored green and salmon, respectively. The bound ssrA peptide is
also shown in yellow.
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Fig. 4. Schematic diagram showing interactions between SspB and
the ssrA peptide. Hydrophobic interactions are denoted by red
starbursts and dashed lines; hydrogen bonding interactions by
green dashed lines.

Fig. 5. ssrA-peptide binding site of SspB. (Left) Electrostatic surface
representation of SspB. Negatively charged regions are red and
positively charged regions blue. (Right) Hydrophobic surface
representation of SspB. Residues forming the hydrophobic surfaces
of SspB are colored green and labeled. Note the extended
hydrophobic channel that extends beyond the ssrA binding region.

Fig, 304 ¥i= 23t o] ssrA HEto| =9} E3HA| FEi= 11a]
A 27} =] thilllo] o]E7]| ssrA-tagS 148H=A] o
diet RS o 5 QI9dr). ssrA HE]E (AANDENYALAA)=
T AEAME & 4 Sho] w244 (hydrophobicity) ] 75}
th 11709 ssrA opn|ieAt A F A, B4 dehda da
o] glo]2Al(tyrosine) 7|7t SspB T ALY AA AVE
(Tyr4b, Tleb1, Val60, Gly61, Ala74, Phe765)1 A 2-8-S 3
I ek (Fig. 4). of23h e seto]= 7o a4 A 9
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A= Hofet
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o] Ft} (Fig, 5, ©.25),

SspBE ssrA A ErQlits MER T2 AT 1]
tailo] EAsh=d, o] F-917} ClpX Ty} Ash=d| Fa3}
™. 9] tail random coil® conformation skal ek ** &
2 AIE E3lo] oj@A SspB7} ssrA-tag J’i}’a‘h"’-, tailZ
o]-83}¢f ClpXof Ag o F, ssrA7F F21E Tl d-g ClpX 2
A=Al it Zdllo] AA=HIT (Fig. 6).” Fig. 6914 &
A} 2o dimer?] SspB= flexibledt tail& ©]-43t9f ClpX
9] zinc finger =Wl &=t Tail?l flexibilitys ©]-83+4
o9 ssrA-tagged BWEZ ClpX hexamer?] 74| 1
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Fig. 6. Cartoon model of the assembly and processing of delivery
complexes containing ClpX and the SspB protein. Figure adapted
from Ref. 30.
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