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Supplementary methods

Plasmids
For construction of the pTTQ18-hiss-rpoH(amb) and pTTQ18-his;p-rpoH(amb) plasmids, an amber
mutation was introduced into pRMS (pTTQ18-hiss-rpoH)' and pRM66, respectively, by site-directed
mutagenesis. pRM66 (pTTQ18-kis;-rpoH) was a derivative of pRM5' and was constructed by
converting hiss-rpoH to his;-rpoH by site-directed mutagenesis. pTTQ18-hiss-rpoH(amb) derivatives
additionally carrying the A50D, K51E, I54N or R91P mutation were constructed by site-directed
mutagenesis using an appropriate pTTQ18-hiss-rpoH(amb) plasmid as a template.

pRM26 (pUC118-ffh) was constructed as follows. An ffh DNA fragment was
PCR-amplified from the genome of W3110 using a pair of primers, ffh-for and fth-rev, digested with
EcoRI and BamHI, and cloned into the same sites of pUC118. pRM45 (pTTQ18-ffh) was constructed
by subcloning the EcoRI-BamHI ffi fragment of pRM26 into the same sites of pTTQI18. For
construction of pPRMS52 (pTTQ18-ffh+ffs), an ffs DNA fragment was PCR-amplified from the genome
of W3110 using a pair of primers, ffs-for and ffs-rev, digested with Pstl and Sphl, and cloned into the
same sites of pRM45. pTTQ18-ffh(amb)+ffs plasmids were constructed by site-directed mutagenesis
using pPRM52 as a template. pPRM83 was constructed by altering the EcoRI recognition sequence
(GAATTC) located outside the multicloning site of pCL19202 to TTATTC by site-directed
mutagenesis. For construction of pRMS83-ffh+ffs, an ffh+ffs DNA fragment was PCR-amplified from
pRMS52 using a pair of primers, srp-for and srp-rev, digested with HindIII and EcoRI, and cloned into
the same sites of pRMS83. pRM151 (pTTQI18-ffh(C406S)+ffs), a plasmid encoding Cys-less Fth, was
constructed by site-directed mutagenesis using pRMS52 (pTTQI18-ffh+ffs) as a template. The
derivatives of pRM151 encoding a single Cys variant of Ffh were constructed by site-directed
mutagenesis. For construction of the pSTD689-ffh(Cys)+ffs plasmids, the EcoRI-HindIlI ffh(Cys)+ffs
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fragments of the pRM 151 derivatives encoding a single Cys Ffh were subcloned into the same sites of
pSTD6893 . pPRM203 (pTTQ18-his;p-rpoH(T52C)) was constructed by site-directed mutagenesis using
pRM66 (pTTQI18-his;-rpoH) as a template. pRM153, a derivative of pEVOL-pAzF (Addgene)*
having a spc marker instead of the cat marker, was constructed by cloning a spc marker fragment that
had been PCR-amplified from pHP45Q’ using a pair of primers, omega-for and omega-rev, into

pEVOL-pAZzF using In-Fusion HD Cloning Kit (Takara Bio).

Media and Bacterial Cultures

Cells were grown in L medium (10 g/liter bacto-tryptone, 5 g/liter bacto-yeast extract, 5 g/liter NaCl;
pH adjusted to 7.2) or M9 medium (without CaCl,)®. 50 pg/ml ampicillin, 20 pg/ml chloramphenicol
and 50 pg/ml spectinomycin were added as appropriate for growing plasmid-bearing cells. Bacterial
growth was monitored by Mini photo 518R (660 nm; TAITEC) or Klett-Summerson colorimeter

(filter No. 54; Klett Manufacturing).



Table S1. Strains used in this study.

Strains Genotype References
CAG48238 MG1655 AlacX74 NIW2(P,,,6-lacZ) 9
CAG48373 CAG48238 AftsH::kan sthC21 zad-220::Tnl0 9

RM591 CAG48238 AdnaKJ::kan This study
MC4100 araD139 A(argF-lac)U169 rpsL150 relAl flbB5301 10
WAMI121 MC4100 ara” fthl::kan attB::R6Kori P, p.n-fth" cat 11




Table S2. Plasmids used in this study

Plasmids Vector Encoded proteins or descritions References or sources
pTTQI8 Expression vector; P, Amp" Amersham Pharmacia Biotech
pUCI118 Expression vector; P,,., Amp" Takara shuzo
pSTD689 Expressopm vector; P,,., Spc® 3
pCL1920 Expression vector; P,,., Spc® 2
pRMS&3 pCL1920 AEcoRI outside of MCS This study
pl5A-derivative encoding mutant M. jannaschii
PEVOL- aminoacyl-tRNA synthetase for pBPA and the 4
PEPE corresponding suppressor tRNA; Cm"
pl5A-derivative encoding mutant M. jannaschii
PEVOL- aminoacyl-tRNA synthetase for pAzPA and the 4
pAzE corresponding suppressor tRNA; Cm"
pl5A-derivative encoding mutant M. jannaschii
pRM153 aminoacyl-tRNA synthetase for pAzPA and the  This study
corresponding suppressor tRNA; Spc®
pCP20 pSC101 derivative; Rep(Ts) bla cat AcI857 APy .
FLP"
pRM5 pTTQI8 Hiss-0>° 1
pRM8  pTTQI8  Hisg-0*(R35amb) This study
pPRMY9  pTTQI8  Hiss-0'’(A38amb) This study
pRMI10  pTTQI8  Hisg-0'*(L41amb) This study
pRMI11  pTTQI8  Hiss-o’*(H4damb) This study
pRMI12  pTTQI8  Hiss-0’*(L47amb) This study
pRM13  pTTQI8  Hiss-o0'*(E48amb) This study
pRM14  pTTQI8  Hiss-0'*(A49amb) This study
pRM15  pTTQI8  Hiss-0"*(AS50amb) This study
pRM16  pTTQI8  Hise-0"*(KS51amb) This study
pRM17  pTTQI8  Hise-0"*(T52amb) 1
pRMI18  pTTQI8  Hiss-0"*(L53amb) This study
pRM19  pTTQI8  Hiss-o0>*(154amb) This study
pRM20  pTTQI8  Hiss-0’*(L55amb) This study
pRM21  pTTQI8  Hiss-0’*(L58amb) This study
pRM22  pTTQI8  Hise-0"*(V6lamb) This study
pRM23  pTTQI8  Hiss-o0 *(164amb) This study
pRM24  pTTQI8  Hiss-0"*(N67amb) This study
pRM26  pUC118 Fth This study
pRM28  pTTQI8  Hiss-0*(AS0D) This study
pRM30  pTTQI8  Hiss-0*(KS1E) This study
pRM32  pTTQI8  Hiss-07*(154N) This study
pRM34  pTTQI8  Hiss-0"*(AS0D, K51amb) This study



Table S2. Plasmids used in this study

pRM35
pRM37
pRM39
pRM40
pRM45
pRMS51
pRMS52
pRM66
pRM67
pRM70
pRMS&S8
pRM133
pRM135
pRM136
pRM139
pRM140
pRM141
pRM142
pRM143
pRM144
pRM145
pRM146
pRM147
pRM148
pRM151
pRM164
pRM165
pRM166
pRM192
pRM193
pRM194
pRM195
pRM203
pRM211

pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pRMS&3
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pTTQI18
pSTD689
pSTD689
pSTD689
pSTD689
pTTQI18
pSTD689

Hiss-0"*(A50D, T52amb)
Hiss-0°*(K51E, T52amb)
Hiss-0"*(I54N, K51amb)
Hiss-0" (154N, T52amb)

Fth

4.5S RNA

Ffh and 4.5S RNA

His, -0

His,-0° (K51 amb)
His,,-0"(L47amb)

Ffh and 4.5S RNA
Ffh(M426amb) and 4.5S RNA
Ffh(Q419amb) and 4.5S RNA
Ffh(M423amb) and 4.5S RNA
Ffh(L319amb) and 4.5S RNA
Ffh(K322amb) and 4.5S RNA
Ffh(L323amb) and 4.5S RNA
Ffh(F334amb) and 4.5S RNA
Ffh(L338amb) and 4.5S RNA
Ffh(M341amb) and 4.5S RNA
Ffh(M344amb) and 4.5S RNA
Ffh(M376amb) and 4.5S RNA
Ffh(L416amb) and 4.5S RNA
Ffh(M427amb) and 4.5S RNA
Ffh(C406S) and 4.5S RNA

Ffh(C406S, M341C) and 4.5S RNA
Ffh(C406S, M376C) and 4.5S RNA
Ffh(C406S, M426C) and 4.5S RNA

Fth(C406S) and 4.5S RNA

Ffh(C406S, M341C) and 4.5S RNA
Ffh(C406S, M376C) and 4.5S RNA
Ffh(C406S, M426C) and 4.5S RNA

His,-0°%(T52C)
Ffh and 4.5S RNA

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study




Table S3. Primers used in this study

Name Sequence (5'-3")

fth-for GGGGAATTCGCCAACCGTTTCCACCCCAG
fth-rev CCCGGATCCTTAGCGACCAGGGAAGC

ffs-for GGGCTGCAGTTTTTCCATCTTTTCTTCC

ffs-rev CCCGCATGCCACGCCGCACAGCCCGTCACG
srp-for GGCCAAGCTTGCCAACCGTTTCCACCCCAG
srp-rev GGCCGAATTCCACGCCGCACAGCCCGTCAC
omega-for GCCACTCATCGCAGTAAAGTGCCACCTGACGTC

omega-rev

TGCTCATCCGGAATTGAGCTGCATGTGTCAGAG
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Figure S1. Expression and activities of the His,-632pBPA variant proteins. (A), His,-632pBPA protein
levels. Cells of the strains used in Fig. 2B were grown at 30 °C in L-0.02% arabinose medium supplemented
with or without 1 mM pBPA, and induced with 1 mM IPTG to express Hiss-03?pBPA for 1 h. Total cellular
proteins were analyzed by 10% SDS-PAGE and immunoblotting with anti-His-tag antibodies (upper panel).
Three independent experiments were performed and mean values of relative band intensities (Hisz-032 without
pBPA was set to 100) are shown along with standard deviations (lower panel). (B), 6°2 activity of the His-

32pBPA proteins. Portion of cells grown with pBPA in A was taken, and assayed for LacZ activity by the
standard procedure®. Three independent experiments were performed, and mean values (that for WT was set to
100) are shown along with standard deviations.
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Figure S2. Mass spectrometry (MS) analysis of the 632pBPA cross-linked products. (A), (B), Cross-linking
of the 6*2L47pBPA (A) and 63?K51pBPA (B) variant proteins carrying His,- or His,,-tag. Cells of CAG48238/
PEVOL-pBpF/pTTQ18-his,rpoH (L47amb or K51amb) were grown at 30°C, induced, and UV-irradiated as
in Fig. 2. Total cellular proteins were analyzed by 7.5% SDS-PAGE and immunoblotting with anti-c*?
antibodies. (C), (D), Identification of His,,-6°?pBPA cross-linking partners by MS analysis. Cross-linked
products obtained above with 632L47pBPA and ¢3?K51pBPA (XL-1 to 6, right panel) were affinity purified as
described in Methods, separated by 7.5% SDS-PAGE, and subjected to MS analysis. Proteins identified for
each XL band are listed on the left. SlyD, rich in His residues, was accidentally purified, independent of His, -

o632,




pBPA none R35 A38 L41 H44 L47 E48 A49 A50 K51 T52 L53 154 L55 L58 V61 164 N67

A Wiad. — +— + —+—+—+ —+-—+-—+—F—F_+_+-+—+ —F—+_+_+(pa
-250
-150
XL[ -100
o-DnaJ " - 75
-50

Dra R L AR AR A Rla ~ne sl clanaaas T

pBPA none R35 A38 L41 H44  L47 E48 A49 AS0 K51 T52 L53 154 L55 L58 V61 164 N67

B Wwirad. - +—+—+—+—+ —+—+—+—+—4+—+—+—+ —+ —+—+—+ — +(kDa)
N M -250

XL e - > -150

a-DnaK i - -100
DnaK T emen an e —— o - -75

PBPA none R35 A3 L41 H44 L47 E48 A9 ASO K51 T52 L53 154 LS5 LS8 V61 164 N67
C uirad. — +—+—-—+—+—+ —4+—4+—-—+—-—+—4+—+—+—+ —+ — +—+—+ — + (kDa)
-250
-150
-100

a-HtpG Xt
HtpG

Figure S3. DnaK, DnaJ and HtpG chaperones interacting with the homeostatic control region of ¢*?
were identified by immunoblotting with individual chaperone antibodies. (A), (B), (C), Portions of the
samples used in Fig. 2B and C were analyzed by 7.5% SDS-PAGE and immunoblotting with anti-Dnal (A),
anti-DnaK (B) or anti-HtpG antibodies (C). In some positions where these proteins were detected by MS
analysis (see Fig. S2), anti-DnaK or anti-HtpG immunoblotting failed to detect the respective protein, probably
due to low sensitivities of immunoblotting analysis. Arrow heads indicate cross-linked products.
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Figure S4. 63 dysregulation mutations enhance protein levels of 6>pBPA. (A), (B), Portion of cellular
proteins used in Fig. 3 were analyzed by 10% SDS-PAGE followed by anti-o*? immunoblotting. Typical results
using Hise-632K51pBPA (A) and His;-6°?T52pBPA (B) with or without a dysregulation mutation are shown.
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Figure S5. DnaK/DnaJ chaperons are not essential for the 63>-Ffh interaction. (A), Cross-linking of
o32pBPA in WT and AdnaKJ strains. Cells of CAG48238 (WT) or RM591 (AdnakKlJ), each carrying pEVOL-
pBpF and pTTQ18-hisrpoH(amb), were grown and analyzed essentially as described in the legend to Fig. 2B
and C. (B), Quantification of Hiss,-6>’>~Ffh cross-linked products. Relative amounts of the cross-linked
products detected with anti-c? antibody in A to the amounts of the unirradiated Hiss-632 proteins detected with
anti-His antibody in C were calculated as described in the legend to Fig. 3 (the value for WT was set to 100).
Two independent experiments were performed, and mean values are shown along with standard deviations.
(C), Accumulation of Hise-63? in the AdnaKJ strain. Portion of cellular proteins in the UV-unirradiated
samples used in A were analyzed by 10% SDS-PAGE followed by anti-His immunoblotting.
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Figure S6. Sequence alignment of E. coli Ffh, S. solfataricus SRP54 and M. jannaschii SRP54. Amino
acid sequences of the M domain of E. coli Fth (Ec), S. solfataricus SRP54 (Ss) and M. jannaschii SRP54 (Mj)
are aligned by the ClustalW program. The positions where pAzPA was incorporated are colored in light green.
Blue stars indicate the positions of cross-linking with 632, a-helical regions and the finger-loop in the SsSSRP54
structure’ are schematically shown by gray rods and a line, respectively, above the sequences.
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Figure S7. Expression and activities of FfhpAzPA proteins containing pAzPA at or around the SP-
binding site. (A), Protein levels of the Ffhp AzPA variants constructed. Samples used in Fig. 5D were analyzed
by 10% SDS-PAGE and anti-Fth immunoblotting. (B), Complementation assay for activities of FthpAzPA
proteins. Cells of WAMI121 (Affhl::kan P, -ffh)/pRM153/pTTQ18-ffh(amb)+ffs were grown at 30 °C in L-
medium supplemented with 0.02% arabinose for 3 h, washed and suspended in saline (about 10° cells/ml), and
serially diluted. Two microliter each of up to 103 dilutions was spotted onto L agar plates with or without 1
mM pAzPA, and incubated at 30 °C for 22 h to observe pAzPA-dependent growth of Ffh-depleted cells.
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Figure S8. Immunoprecipitation of FfhpAzPA cross-linked products with anti-Ffh and control
antibodies. Total cellular protein samples used in Fig. SE were immunoprecipitated with anti-Ffh or control
antibodies, solubilized in SDS sample buffer, and analyzed by 7.5% SDS-PAGE and immunoblotting with
anti-o3? and anti-Ffh antibodies.



pAzPA none M376

UVirrad. — + — + (kDa)
-100

-75

o-Ffh Ffh 4 -
-
-100
XL - ,
a-032 | -
932 "
==
E2s 5

ofF -

| B
-
50
-

Figure S9. Analysis of cross-linking of FfhpAzPA with ¢*. Immunoblotting analysis of in vivo photo cross-
linking using FthpAzPA variant proteins. Cells of CAG48373 (AftsH sfhC21)/pEVOL-pAzF/pTTQI18-ffh(WT
or M376amb)+ffs were grown at 30°C in L-medium supplemented with 0.02% arabinose and 1 mM pAzPA,
induced to express FthpAzPA with 1 mM IPTG for 1 h, and UV-irradiated as indicated. Total cellular proteins
were analyzed by 7.5% or 12.5% SDS-PAGE and immunoblotted with anti-Ffh and anti-c* antibodies.
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Figure S10. Expression and activities of the single Cys variants of His,-6? and Ffh. (A), Protein levels of
the His,-0%? Cys variant. Cells of CAG48238/pTTQ18-his,,-rpoH(Cys) were grown at 30°C in L-medium, and
induced with 1 mM IPTG to express His,;,-6*? Cys for 1 h. Total cellular proteins were analyzed by 10% SDS-
PAGE and immunoblotting with anti-His-tag antibodies. (B), 032 activity of the single Cys derivatives of His,-
o32. Portion of cells in A was taken, and assayed for LacZ activity by the standard procedure®. Two
independent experiments were performed, and mean values (that for WT was set to 100) are shown along with
standard deviations. (C), Protein levels of the Fth Cys variants. Cells of CAG48238/pSTD689-ffh(Cys)+ffs
were grown at 30°C in L-medium supplemented with 1 mM IPTG for 2.5 h. Total cellular proteins were
analyzed by 10% SDS-PAGE and anti-Fth immunoblotting. (D), Complementation assay for activity of Fth
Cys proteins. Cells of WAMI121 (Affhl::kan P, -ffh)/pSTD689-ffh(Cys)+[fs were grown at 30°C in L-medium
supplemented with 0.2% arabinose for 3 h. Cells were washed, suspended in saline (about 10° cells/ml), and
serially diluted. Two microliter each of up to 10° dilutions was spotted onto L agar plates supplemented with
0.2% arabinose or 1 mM IPTG, and incubated at 30°C for 18 h.
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Figure S11. Possible structures of the homeostatic control region of 632 and the HR2 region of XBP1u.
(A), Secondary structure prediction for 632 region 2.1. The amino acid sequence around the 632 homeostatic
control region was used to analyze the secondary structure by the PSIPRED v3.3 program (http:/
bioinf.cs.ucl.ac.uk/psipred/). Predicted a-helical regions are drawn as pink rods. Red stars indicate the
positions of cross-linking with Fth based on our results (see Fig. 2). (B), (C), Helical wheel projections of the
032 homeostatic control region (B) and the HR2 region of XBP1u (C). The sequences of the predicted a-helical
regions in the 632 homeostatic control region (residue 47-67) and HR2 (residue 186-208) were subjected to
Helical Wheel Prediction analysis (http://rzlab.ucr.edu/scripts/wheel/wheel.cgi). Hydrophilic, hydrophobic,
negatively charged, and positively charged residues are shown as circles, diamonds, triangles and pentagons,
respectively. The calculated hydrophobic moments® for these regions are shown in the center of the
projections. Red stars in B indicate the positions of cross-linking with Fth.
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