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Supplemental Figure S1. Additional characterization and engineering of GFP expression in L29-
deficient cells. (a) RNA concentration in sucrose gradient fractions from wt cells (top) and rpmC::kan 
cells (middle) as determined by OD260 measurements. Fractions from tig::kan cells (bottom) lacking TF 
were included as a negative control. Asterisks denote the fractions containing 70S ribosomes that were 
used for immunoblotting analysis, which is shown in the lower panel. Western blots were probed with anti-
TF antibodies. An equivalent number of ribosomes was loaded in each lane. (b) Quantification of DNA 
concentration and -lactamase activity in whole cell lysates prepared from wt and rpmC::kan cells. For 
DNA quantification, plasmid DNA was isolated from whole cells using a Qiagen miniprep kit according to 
manufacturer’s instructions and quantified using a NanoDrop ND-1000 spectrophotometer. For -
lactamase activity, samples were analyzed using a standard spectrophotometric assay with nitrocefin as 
substrate. Whole cell lystates were prepared from an equivalent number of cells. (c) Activity of GFP, -gal 
and scFv13-R4 measured in soluble fractions prepared from wt and rpmC::kan cells carrying an empty 
vector control (pET) or a pET vector with the indicated protein. GFP activity was measured by FACS and 
cells were ungated, -gal activity was measured using the Miller assay, and scFv13-R4 activity was 
determined by ELISA. All values were normalized to the activity measured in wt cells. An equivalent 
number of cells was assayed in each case. Data is the average of at least three independent experimental 
repeats and the error bars represent the SEM. Western blot analysis of whole cell lysates (wcl) isolated 
from wt and rpmC::kan cells expressing different target proteins as indicated. For GFP, the soluble (sol) 
fraction is also shown. An equivalent number of cells was loaded in each lane. GroEL served as a loading 
control (lower panels). 
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            BacillusSubtilis -----MK-ANEIRDLTTAEIEQKVKSLKEELFNL-RFQLATGQLENTARIREVRKAIARMKTVIREREIAANK-----------------------    66
      FusobacteriumNucleatum -----MK-ANEIRDLTTAEIEQKVKSLKEELFNL-RFQLATGQLENTARIREVRKAIARMKTVIREREIAANK-----------------------    66
     GeobacillusKaustophilus -----MK-AKEIRELTTAEIEQKIKALKEELFNL-RFQLATGQLENTARIRQVRKDIARMKTIIRERELAANK-----------------------    66
   StaphylococcusEpidermidis -----MK-AKEIRDLTTSEIEEQIKSSKEELFNL-RFQLATGQLEETARIRTVRKTIARLKTVAREREIEQSKANQ--------------------    69
  Staphylococcushaemolyticus -----MK-AKEIRDLTTSEIEEQIKSSKEELFNL-RFQLATGQLEETARIRTVRKTIARLKTVAREREIEESKANQ--------------------    69
        EnterococcusFaecalis -----MK-VKEIRELTTAEMLDKEKQLKEELFNL-RFQLATGQLENTARIKEVRQSIARIKTVLREQAN---------------------------    62
          LactobacillusCasei -----MK-AKEITALTTAEMLDKEKQYKEELFNL-RFQQATGQLENTARLSQVRKNIARIKTVLRQQALNK-------------------------    64
hermoanaerobacterTengcongensi -----MK-AKEIRELSNEELQQKLSELKAELFNL-RFQLATGQLDNPMRIRDVRKTIARIKTILRERELGIKR-----------------------    66
      StreptomycesCoelicolor -MSAGTK-ASELRELGNEELLAKLREAKEELFNL-RFQAATGQLENHGRLKAVRKDIARIYTLMRERELGIETVESA-------------------    74
          MycobacteriumAvium -MAVGIS-PGELRELTDDELTERLRESKEELFNL-RFQMATGQLTNNRRLRTVRQEIARVYTVLRERELGLASGPDGKES----------------    77
          ThermotogaMaritima -----MK-ASELRNYTDEELKNLLEEKKRQLMEL-RFQLAMGQLKNTSLIKLTKRDIARIKTILRERELGIRR-----------------------    66
                  Jannaschia -----MS-AQELRDKTPDQLRDELTALKKEAFNL-RFQQATGQIENTARMRQVRRDAARVKTILNEKAAAAANAEA--------------------    69
                Silicibacter -----MN-AKDLRDKTVDELRDELANLKKESFNL-RFQQATGQLENTAGIKAARRNAARVKTILNEKAAAAAE-----------------------    66
      ErythrobacterLitoralis ----MAK-VEDLRQKSDDQLAEELVQLKKEQFNL-RFQAATNQLEAPARIREVRRSIAQIKTLQNERAASAAKA----------------------    68
           MesorhizobiumLoti -----MK-AEDIRTKTQDQLTDDLASLKKEQFNL-RFQKATGQLEKTARVRQVRKDIARIKTIAAEKSAAKKA-----------------------    66
               Mesorhizobium -----MK-AADVRAMTTDQLDDELANLKKEQFNL-RFQKATGQLEKTARVKQIRRDIARIKTIAAEKSAGKKA-----------------------    66
             BrucellaAbortus -----MK-AADVRAKSLDQLNDELGTLKKEQFNL-RFQKATGQLEKTARVKQVRRDIARIKTIARQKAAESKA-----------------------    66
     NitrobacterHamburgensis --MAAMK-TSDIRAMSPDQMDDAVANLKKERFNL-RFQRATGQLENTSRMREARRDIARIKTIAAQKRDAKK------------------------    68
   RhodopseudomonasPalustris --MAEMK-TADIRAMSEDQMDDAILSLKKERFNL-RFQRATGQLENTSRLREARRDIARIKTIAAQKRAGKTK-----------------------    69
          BartonellaQuintana -----MR-ARELRAQTLDQMKDELAKLKKEQFNL-RFQKATGQLEKAARVRQVRRDIARVKTFLRQKIKESKV-----------------------    66
    AgrobacteriumTumefaciens -----MK-ADEVRGLSADQLKDKLADLKKEQFNL-RFQKATGQLEKSSRINEVRKDIARVKTIARQKAAEAKA-----------------------    66
                       Ecoli -----MK-AKELREKSVEELNTELLNLLREQFNL-RMQAASGQLQQSHLLKQVRRDVARVKTLLNEKAGA--------------------------    63
            ShigellaFlexneri -----MK-AKELREKSIEELNTELLNLLREQFNL-RMQAASGQLQQSHLLKQVRRDVARVKTLLNEKAGA--------------------------    63
          SalmonellaEnterica -----MK-AKELREKSVEELNTELLNLLREQFNL-RMQAASGQLQQSHLLKQVRRDVARVKTLLTEKAGA--------------------------    63
  YersiniaPseudotuberculosis -----MK-AQELREKSVEELNTELLNLLREQFNL-RMQAASGQLQQTHLLKQVRRNVARVKTLLTEKAGA--------------------------    63
     PhotorhabdusLuminescens -----MK-AQELREKSVEELKTELLNLLREQFNL-RMQAASGQLQQSHLLKQVRHNIARVKTLLTEKAGA--------------------------    63
           ErwiniaCarotovora -----MK-ANELREKSVEELNTELLGLLREQFNL-RMQAASGQLQQTHMVKQVRHNIARVKTLLTQKAGA--------------------------    63
              VibrioFischeri -----MK-AQDLREKNVEELNEELLNLLREQFNL-RMQAATGQLQQTHTLKAVRRDIARVKTLLNEKAGA--------------------------    63
              VibrioCholerae -----MK-AQDLREKSVEELNSELLNLLKEQFNL-RMQAATGQLQQTHTLKAVRRDIARVKTVLTEKAGA--------------------------    63
        ShewanellaOneidensis -----MK-ASELREKSVEELNAELLGLLREQFNL-RMQHATGQLTQTHQLKLVRRNIARVKTIITSKAGA--------------------------    63
          HaemophilusDucreyi -----MK-AQELRTKNVEELKAELINLLGEQFKL-RMQAATGQLQQTHQLKQVRRSIAQVKTVLNQKAGE--------------------------    63
        PasteurellaMultocida -----MK-AQELRTKSVEELNAELVNLLGEQFKL-RMQAATGQLQQTHQLKQVRRSIAQVKTVLTEKAGE--------------------------    63
MannheimiaSucciniciproducens -----MK-AQELRAKTVEELNAELANLAGEQFKL-RMQAATGQLQQTHQLKQVRRNIAQVKTVLTEKAGE--------------------------    63
       PseudomonasAeruginosa -----MK-ANELREKSVEQLNEQLLGLLRDQFNL-RMQKATGQLGQSHLLSQVKRDIARVKTVLNQQAGK--------------------------    63
         PseudomonasSyringae -----MK-ANELREKSAQQLNEQLLGLLRDQFNL-RMQKATGQLGQSHLLSQVKRDIARVKTVLNQQAGK--------------------------    63
       AzotobacterVinelandii -----MK-ASELREKTAEQLNEQLLGLLRDQFNL-RMQKATGQLGQTHLLSQVKRDIARVKTVLNQQAGK--------------------------    63
  ChromohalobacterSalexigens -----MK-AQEIREKSVEALQQQLLELLREQFNL-RMQKATGQLSQTHLLKQVRRDIARVKTVLNEKAGD--------------------------    63
        Idiomarinaloihiensis -----MK-ASELKDKTVEQLQEELLGLRREQFNL-RMQAATGQLNQTHMMKQVRRDIARVKTILNEKAGA--------------------------    63
      MicrobulbiferDegradans -----MK-AEDLNKKSVEELKAELLSQLEGQFKF-RMQKSTGQLTQTHLLKQTRRDIARIETVLRQKAGNKA------------------------    65
               Acinetobacter -----MK-TIDLREKSVEELKALLDEQQLNQFRL-RMAKATGQLGKSHEVQIARKTIARIKTLLTEKQGNGQ------------------------    65
      RalstoniaMetallidurans -----MK-ASELRGKDAAGLNQELSELLKAQFSL-RMQKATQQLQNTSQLKKVRKDIARVQTVLTEKANAK-------------------------    64
                    Azoarcus -----MK-ASELRAKSAGELNQELLELLKAQFSL-RMQLATQQLGNTSQLGKVRRDIARVRTLLQEKAVQK-------------------------    64
     BordetellaParapertussis -----MK-ASELRSKDAAELGKELESLLKAQFGL-RMQKATQQLANTSQLRNVRRDIARVRTLLTEKAGK--------------------------    63
     ChromobacteriumViolaceu -----MK-ASELKAKTVDELKAELLSLLKAQFAL-RMQHATQQLAKTSELKKVRRDIARVRTVLKEKAV---------------------------    62
                       ruler 1.......10........20........30........40........50........60........70........80........90......
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         NitrosomonasEuropae -----MK-VQELREKNLSELGKELLSLRRAQFGL-RLQHRTQQLANVSQINKVRKDIARLKTIIREKTGQL-------------------------    64
       NeisseriaMeningitidis -----MK-ANELKDKSVEQLNADLLDLLKAQFGL-RMQNATGQLGKPSELKRVRRDIARIKTVLTEKGAK--------------------------    63
     MethylococcusCapsulatus ----MMK-ASELRAKQVEELKSTLMDLHREAFSL-RMQKATGQLSHFHRIRAVRRDIARVNMVLAEKGGKV-------------------------    65
            CoxiellaBurnetii -----MN-VNDLRNKTKAELKKELLELLKEQFNL-RMQKGGGEAPRPHLFKRVRRDIARVKTLLGEKERNNE------------------------    65
          BuchneraAphidicola -----MKALVEFRKKNKKDLYTELLQLLREQFNL-RMQSVSGKLKQPHLLRKVRRNIAQVKTLLDSKEEIK-------------------------    65
        XanthomonasAxonopodi -----MD-IEQLREKSADELKAHLTDLRKEQFSL-RMQQVTGQLPKTHETRRVRREIARVKHLLGSTK----------------------------    61
       LegionellaPneumophila -----MKKIDELRNMSVEELQNELLSLRKDQFNL-RMKKASGSLDKTHLITMVRKSVAKVKTILTEKAGK--------------------------    64
   DesulfuromonasAcetoxidans -----MK-AKELQGFSVEELEKKSLELSQELFNL-KFQLHTGHLDDTAKIPQVRKDIARVKTVLRQKLA---------------------------    62
     DeinococcusGeothermalis ------MKLSDMRALSAADFDKEIAARKKELMEL-RFQAAMGQLAQPHRVKQLKREVAQLNTIRSEQSRAARVAAQTGESQ---------------    74
         ThermusThermophilus ----MRKQLEEARKLSPVELEKLVREKKRELMEL-RFQASIGQLSQNHKIRDLKRQIARLLTVLNEKRRQNA------------------------    67
               Synechococcus ---MARPNAAEVRQLSDTDITEQINGLRRELFQL-RFQQATRQLANTHRFKEVRIKLAQLMTVQSERQRSAAS-----------------------    69
         MycoplasmaCapricolu --------MLDLRNLSVDELIKTNESKRAELFAL-KFQAAVGSLEQTHRIKEIKKEIARIELALSEKRLSGENTNKVIKADYNKAVEEVRKSXKRS    87
                 PAerophilum MSSEKKLKAKVLREMKPEERRELLNQLRAELVRL-ETQRARGFVEKPGRIRQVRRIIARILTIEREE-ELKKAKSRS-------------------    75
    HalobacteriumMarismortui MT---VLHVQEIRDMTPAEREAELDDLKTELLNARAVQAAGGAPENPGRIKELRKAIARIKTIQGEEGDLQENE----------------------    71
                       ruler 1.......10........20........30........40........50........60........70........80........90......
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Supplemental Figure S2. Multiple sequence alignment of bacterial L29 proteins. Figure generated 
using CLUSTALX (1.81.1-alpha) multiple sequence alignment tool. The mutations in mutant 4H2 that are 
also found in nature include:  V11I (naturally observed in Shigella); E13G (naturally in Ralstonia 
metallidurans); L21Q (naturally in Acinetobacter and Microbulbifer degradans); Q39R (naturally in Coxitella 
burnetii); V46A (naturally in Silicibacter, Nitrobacter hamburgensis, Rhodopseudomonas palustris, 
Acinetobacter). Note that two 4H2 mutations occur naturally in Acinetobacter.  
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