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Phylum/Class Order Bacteria Abbr. 
Gamma-proteobacteria Enterobacteriales Escherichia coli EcE 
  Salmonella typhi t 
  Salmonella enterica STY 
  Salmonella typhimurium STM 
  Klebsiella pneumoniae KPN 
  Yersinia pestis YP 
  Yersinia mollaretii Ymo 
  Yersinia bercovieri YberA 
  Yersinia pseudotuberculosis Yps 
  Yersinia frederiksenii YfreA 
  Yersinia enterocolitica YE 
  Yersinia intermedia YintA 
  Citrobacter koseri CKO 
  Shigella dysenteriae SDY 
  Shigella flexneri SFV 
  Shigella boydii SbBS 
  Shigella sonnei SSO 
  Enterobacter sp.638 Ent 
  Enterobacter sakazakii ESA 
  Erwinia carotovora ECA 
  Serratia proteamaculans SG 
  Photorhabdus luminescens plu 
  Sodalis glossinidius Spro 
 Pasteurellales Pasteurella multocida PM 
  Haemophilus influenzae NTHI 
  Mannheimia haemolytica Mannh 
  Mannheimia succiniciproducens MS 
  Actinobacillus pleuropneumoniae APL 
 Vibrionales Vibrio fischeri VF 
  Vibrio cholerae VC 
  Vibrio parahaemolyticus VP 
  Vibrio vulnificus VV1 
  Vibrio angustum VAS 
  Vibrio shilonii VSAK 
  Vibrio harveyi A1Q 
  Vibrio sp. Ex25 VEx2w 
  Vibrio alginolyticus V12G01 
  Vibrio splendidus V12B01 
  Vibrionales bacterium VSWAT3 
  Photobacterium profundum P3TCK 
  Photobacterium sp. SKA34            SKA 
 Alteromonadales Idiomarina loihiensis IL 
  Moritella sp. PE36 PE36 
  Shewanella oneidensis SO 
  Shewanella sp. MR-4 Shewmr4 
  Shewanella baltica Sbal 
  Shewanella putrefaciens Sputcn32 
  Shewanella sediminis Ssed 
  Shewanella frigidimarina Sfri 
  Shewanella denitrificans Sden 
  Shewanella loihica Shew 
  Shewanella pealeana Spea 
  Shewanella woodyi               Swoo 
  Shewanella amazonensis          Sama 
  Colwellia psychrerythraea        CPS 
  Alteromonadales bacterium       ATW7 
  Pseudoalteromonas haloplanktis   PSHA 
  Pseudoalteromonas tunicata     PTD2 
  Pseudoalteromonas atlantica     Patl 
  Alteromonas macleodii           MADE 
  Psychromonas ingrahamii         Ping 
  Psychromonas sp. CNPT3        PCNPT3 
 Aeromonadales Aeromonas salmonicida ASA 
  Aeromonas hydrophila AHA 
Firmicutes Bacillales Bacillus halodurans      BH 
  Bacillus cereus Bcer 
  Bacillus thuringiensis BT9727; BALH 
  Bacillus anthracis BATI 
  Bacillus weihenstephanensis BcerKBAB4 
  Listeria welshimeri lwe 
  Listeria monocytogenes lmo 
  Listeria innocua lin 
  Staphylococcus aureus SA 
  Staphylococcus epidermidis SERP 
  Staphylococcus haemolyticus SH 
  Staphylococcus saprophyticus       SSP 
  Geobacillus thermodenitrificans   GTNG 
 Clostridiales Clostridium difficile CD 
 Lactobacillales Lactococcus lactis   LACR 
Bacteroidetes/Chlorobi Chlorobiales Chlorobium tepidum CT 
 Bacteroidales Bacteroides fragilis BF 
  Bacteroides vulgatus  BVU 
  Bacteroides thetaiotaomicron BT 
  Bacteroides uniformis BACUNI 
  Bacteroides ovatus BACOVA 
  Bacteroides caccae BACCAC 
  Parabacteroides distasonis BDI 
  Parabacteroides merdae PARMER 
  Porphyromonas gingivalis PGN 
 Flavobacteriales Flavobacterium psychrophilum FP 
  Flavobacterium johnsoniae Fjoh 
  Flavobacteria bacterium FBBAL38 
  Flavobacteriales bacterium FB2170 
  Croceibacter atlanticus CA2559 
  Gramella forsetii  GFO 
  Robiginitalea biformata RB2501 
  Dokdonia donghaensis MED134 
  Leeuwenhoekiella blandensis MED217 
  Psychroflexus torquis P700755 
  Polaribacter irgensii PI23P 
  Polaribacter dokdonensis MED152 
 Sphingobacteriales Cytophaga hutchinsonii CHU 
  Microscilla marina M23134  
  Algoriphagus sp. PR1 ALPR1 
 environmental samples unidentified eubacterium SCB49 
Thermotogae Thermotogales Thermotoga maritima TM 
  Thermotoga petrophila Tpet 
Cloroflexi Herpetosiphonales Herpetosiphon aurantiacus Haur 



Рис. 1. Классическая аттенюаторная регуляция у класса γ-протеобактерии оперона hisG.  Старт-кодон и 
регуляторные кодоны гена лидерного пептида отмечены полужирным, а его стоп-кодон отмечен полужирным 
курсивом. Зеленым цветом отмечен альтернативный старт-кодон. Антитерминатор (спираль 1) далеко не 
пересекается с терминатором (спираль 4), а передает свое действие через ко-антитерминатор (спираль 2, 
которая складывается). Если антитерминатор не может сложиться из-за соответствующего положения 
рибосомы на мРНК гена лидерного пептида, то складывается ко-терминатор (спираль 3, которая не позволяет 
сложиться спирали 2, но позволяет сложиться терминатору). Триплекс выделен розовым цветом. При этом 
образование триплексов на антитерминаторе и ко-терминаторе существенно для процесса регуляции.   
 
Termination conformation (3, 4)                                                          3` ========                ======== 3`                                        4` ===============       =============== 4` 
Antitermanation conformation (1, 2)                          1` =========                ========= 1`         2` =======                                                           ======= 2` 
Enterobacteriales 
EcE_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUU********CAGAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAC***CUUCCGGGGGCUUUUUUAUUG 
t_hisG        AUGACACGCGUUCAAUUUAAA*********CAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUU********CAGAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCA***UCUUCCGGGGGCUUUUUUUUUG 
STY_hisG      AUGACACGCGUUCAAUUUAAA*********CAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUU********CAGAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCA***UCUUCCGGGGGCUUUUUUUUUG 
STM_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUU********CAGAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCA***UCUUCCGGGGGCUUUUUUUUUG 
KPN_hisG      AUGAACCGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACGUU********UGGAUCUUCCAGUGGUGCAUGAACGC********************************GCAGAGAGCCCCCGGAAGAUUCA***CUUCCGGGGGCUUUUUUUUGG 
YP_hisG       ***AUGAAUCGCGUUCAAUUUAAUCACCAUCACCACCAUCAUCCUGACUAGUCUUACAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGUAGAGAAC*****************************GCAGUAGAGAGCCCUCGGAAGAUAA***UCUUCCGAGGGCUUUUUUAUUG 
Ymo_hisG      ***AUGAAUCGCGUUCAAUUUAAUCACCAUCAUCACCAUCAUCCUGACUAGUCUUGCAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGGUAGAACG****************************CAAUAGAGAAAGCCCUCGGAAGAUUA***UCUUCCGAGGGCUUUUUUGUUG 
YberA_hisG    ***AUGAAUCGCGUUCAAUUUAAUCACCAUCAUCACCAUCAUCCUGACUAGUCUUGCAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGGUAGAACG****************************CAAUAGAGAAAGCCCUCGGAAGAUUA***UCUUCCGAGGGCUUUUUUGUUG 
Yps_hisG      ***AUGAAUCGCGUUCAAUUUAAUCACCAUCACCACCAUCAUCCUGACUAGUCUUACAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGUAGAGAAC*****************************GCAGUAGAGAGCCCUCGGAAGAUAA***UCUUCCGAGGGCUUUUUUAUUG 
YfreA_hisG    ***AUGAAUCGCGUUCAAUUUAAUCACCAUCAUCACCAUCAUCCUGACUAGUCUUGCAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGGUAGAACG****************************CAAUAGAGAAAGCCCUCGGAAGAUUA***UCUUCCGAGGGCUUUUUUGUUG 
YE_hisG       ***AUGAAUCGCGUUCAAUUUAAUCACCAUCAUCACCAUCAUCCUGACUAGUCUUGCAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGGUAGAACG****************************CAAUAGAGAAAGCCCUCGGAAGAUUA***UCUUCCGAGGGCUUUUUUGUUG 
YintA_hisG    ***AUGAACUGCGUUCAAUUUAAUCACCAUCAUCACCAUCAUCCUGAUUAGUCUUACAGGCC**********GAUGUGUGCUGGAAGACGGUUA*****ACGAAUCUUCCAGGUGGCGGUAGAACG****************************CAAUAGAGAAAGCCCUCGGAAGAUUA***UCUUCCGAGGGCUUUUUUGUUG 
CKO_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAU**UCUUCCGGGGGCUUUUUUUUGG 
SDY_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAU*********CCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAC***CUUCCGGGGGCUUUUUUAUUG 
SFV_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAU*********CCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAC***CUUCCGGGGGCUUUUUUAUUG 
SbBS_hisG     AUGACACGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAC***CUUCCGGGGGCUUUUUUAUUG 
SSO_hisG      AUGACACGCGUUCAAUUUAAACACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCAUGAACGC*******************************AUGAGAAAGCCCCCGGAAGAUCAC***CUUCCGGGGGCUUUUUUAUUG 
Ent_hisG      AUGACACGCGUUCCAUUUAAAAACCACCAUCAUCACCAUCAUCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACAUUCA********GAUCUUCCAGUGGUGCGAGAACGC*******************************AAGAGAAAGCCCCCGGAAGAUGA***UCUUCCGGGGGCUUUUUUUUGG 
ESA_hisG      AUGACACGCGUUCAGUUUAACAACCACCACCAUCACCAUCAUCCUGAUUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACGAUCG********GAUCUUCCAGUGGUGCAUGAACGC********************************UAAGAGAGCCCCCGGAAGAUCA***UCUUCCGGGGGCUUUUUUAUUG 
ECA_hisG      ***AUGACACGCGUUCUGUUUAACCACCAUCAUCACCAUCAUCCUGAUUAGUCUUUCGGACG***********GUUGGUGCUGGAAGACGUUCA********GAUCUUCCAGUGGCGCAGAACAC*********************************AAAGAGAGCCCUCGGAAGAUCA***UCUUCCGAGGGUUUUUUUAUGC 
Spro_hisG     ***AUGACACGCAUUCAGUUCAGCCACCAUCAUCACCAUCACCCUGACUAGUCUUUCAGGCG***********AUGUGUGCUGGAAGACGGUUU*****UUUAAUCUUCCAGUGGCGCGCAGAAUG******************************CAAGAGAGAGCCCUCGGAAGAUU****UCUUCCGAGGGUUUUUUUUUGG 
plu_hisG      ***AUGAUCCGCAUUCAAUUUAGCCAUUACCACCAUCAUCAUCCUGAUUAGUCUUUCAGGCG**********GUUGUGUGCUGGAAGACGUUUA*****ACGGGUCUUCCGGUGGCAUGAAUG**********************************CGAUAAAAACCCCCGGAAGGAUC****CUUCCGGGGGUUUUUUUAUGU 
SG_hisG       ******AUGACGAAUAUUCUGAUCAACCAUCAUCGCCAUCAUCCUGACUAGUCUUUCAGGUG***********AUGAGUGCUGGAAGACGCUUU********AAUCUUCCAGUGGCGCAAGAAUGU******************************UCAGAGAGAGCCCUCGGAAGAUU****UCUUCCGAGGGCUUUUUGGCUU 
Pasteurellales 
PM_hisG       ************************AUGACUCAUCAUCACCAUCUACCCUGAUUAUCUUUCGGGUAUU****UUGUGAUGCUUGGAAGAUAACAA*********AUCUUCCGAGUGUGCGAUAAAAU************************GACGAACAAUAUAAACCUCUCGGAAGCCA*****UUUCGAGAGGUUUUUUUAUCA 
NTHI_hisG     ******AUGAAUUUUAUCUGCACUUACCAUCAUCACCACACC******UGAUUAUCUUUCAGGCGUGA****UUGUAUGUUUGGAAGAUAAUAA******AAUAUCUUCCGAGUGUAAUAAAAAUC*******************AGUGUAAAAGCAAUAAAUACCCCCUCGGAAGGCAA***UUUUCGAGGGGUUUUCUUUUAU 
Mannh_hisG    *********AUGGCUUUUAUUCGUACUCAUCACCACCAUCAUUUACCUGAAUAAUCUUUCGGG*****CAUUUGGUAUGUGCGGAAGAUAAGA************CUUCCGAGUACGCCUAAACGC*************************AGCAUAAAUUUAACCCUCUCGGAAGUGA*****UUUCGAGAGGUUUUUUUAUUU 
MS_hisG       ***AUGAACUUCAACCGCACUUUAUCUCAUCACCAUCAUCACCCUGAUUGA***UCUUUCGGGCGU****UUUGUGGUGUUCGGAAGAAAAGA*********AAACUUCCGGGCAAGUGUGGAAAC***************************AGGAUUGCUAAACCUCUCGGAAGGAAA****CUUUCGGGAGGUUUUUUUAUA 
APL_hisG      *********AUGAACUUUACCCGUACUCAUCAUCACCAUCAUUCAAGCUGA*UAUCUUUCGGGC****AUUUGAGUGUGGUCGGAAGAUAGAA*********AAUCUUCCGAGUACGUAUAAAGCA***********AAAUCGCAUAUCGCAGCAAAAUACACAACCUCUCGGAAGGCAA****CUUUCGAGAGGUUUUUUAUAU 
Vibrionales 
VC_hisG       ******************AUGAACAUUCAUCACCAUCAUCAUCCCUAAGGUGUCUUUCGGGAG*****AUGUACGCAUACCCGGGGGACAGG**********AAUCUCCCGGAGUUGAAAUCAGAG***********************CCAUAAAAAGAUUCUAACCCUCGGGAGACCAAAC*CUCCCGAGGGUUUUUCGUUUU 
VF_hisG       ***AUGCGUAUUCAAGGUCUGAACAUUCAUCACCACCAUCAUCCUGAUUAGUCUUUCGGGAGG******AUACGUAUUAUCCGGAAGGCAAUUU****GAAUUUCCUUCCGAUGAAUAAAAA**************************************UUCUAACCCUCGGAAGGUCAAA**CUUCUGAGGGUUUUUUCGUUU 
VP_hisG       ******************AUGAAAAUUCAUCACCAUCAUCACCCAGCCUAGUCUUUCGGGAGA******UGUACGCAUACCCGGGAGGCAGGA**********AACUCCCGGAGGUGAAAAUCAAA**********************GUAAGAACAGAUUUUAAACCCUCGGGAGACGCCAAUCUCUCGAGGGUUUUUUAGUUU 
VV1_hisG      ******************AUGAACAUUCAUCACCAUCAUCACCCAGUCUAGUCUUUCGGGAGA******UGUACGCAUACCCGGGAGAUAGGA**********AACUCCCGGAGGUGAAAAUCAUC************************AAAUUCAGAUUUUAAACCCUCGGGAGACCAACAUCUCUCGAGGGUUUUUUAGUUU 
VAS_hisG      ***************AUGACUAACAAUCAUAUUCAUCAUCAUCCUGACUAGUCUUUCGGGAGG*****AUACGCCUCACCCUGGAAGACAAC********AUUAUCUUCCAGUGGUCACAAGGAAU***************************AAUCAAAUUCAGACCCUCGGAAGAUACAAG*CUUCCGAGGGUUUUUUAAUAC 
VSAK_hisG     ***************AUGAACAUUCAUCAUCACCAUCAUCACCCAGCUUAAUCUUUCGGGAGA******UGAACGCAUACCCGAGAGAUAGGUAA********AACUCUCGGAGGUUCGAUUUAAG*************************AUUUAAAGAAUUAAACCCUCGGGAGACCAAAG*CUCCCGAGGGUUUUUUCGUUU 
A1Q_hisG      ******************AUGAAAAUUCAUCACCAUCAUCACCCAGCCUAGUCUUUCGGGAGA******UGUACGCAUACCCGGGAGAUAGGAAA**********CUCCCGGAGGUGAAAAUCAAA**********************GUGAAAACAGAUUUUAAACCCUCGGGAGACCUACAUCUCUCGAGGGUUUUUUAGUUU 
VEx2w_hisG    ******************AUGAACAUUCAUCACCAUCAUCACCCAAUCUAGUCUUUCGGGCGA******UGUACGCAUACCCGGGAGGCAGGAAA**********CUCCCGGAGGUGAAAUCAAA***********************GUAAAAGCAGAUUUUAAACCCUCGGGAGACUCCAAUCUCUCGAGGGUUUUUUAGUUU 
V12G01_hisG   ******************AUGAACAUUCAUCACCAUCAUCACCCAAUCUAGUCUUUCGGGCGA******UGUACGCAUACCCGGGAGGCAGGAAA**********CUCCCGGAGGUAAAAUCAAA***********************GUAAAAGCAGAUUUUAAACCCUCGGGAGACUUCAAUCUCCCGAGGGUUUUUUAGUUU 
V12B01_hisG   ******************AUGAACAUUCAUCACCAUCAUCACCCUAUCUAGUCUUUCGGGGAG*****AUUUACGUAUACCCGGGAGCAAGAAU**********UCUCCCGGAGGUUAAGUCAAA**************************GAAUUUAGAUUUAAACCCUCGGGACGACAAAGUCUUCCGAGGGUUUUUUAGUUU 
VSWAT3_hisG   ******************AUGAACAUUCAUCACCAUCAUCACCCUAUCUAGUCUUUCGGGGAG*****AUUUACGUAUACCCGGGAGCAAGAUU**********ACUCCCGGAGGUUAAGUCAAA*************************AGAAUUUAGAUUUAAACCCUCGGGAUGACAGAGUCUUCCGAGGGUUUUUUAGUUU 
P3TCK_hisG    ***************AUGGUAAAUCUACAUCACCAUCAUCAUCCUGACUAGUCUUUCGGGAGG*****AUACGCCUCACUCUGGAAGACAGCCAA*****AAAAUCUUCCAGUGUUUGAUAAAAU*****************************AAAGAAUUCAAACCCUCGGAGAACAU**CACUUCCGAGGGUUUUUGCGUUU 
SKA_hisG      ***************AUGACUAACAAUCAUAUUCAUCACCAUCCUGACUAGUCUUUCGGGAGG*****AUACGCCUCACCCUGGAAGACAACAUAC********UCUUCCAGUGGUCACAAGGAA***************************UAAUCAAAUUCAGACCCUCGGAAGAUAC*AAGCUUCCGGGGGUUUUUUAAUAC 
Alteromonadales 
IL_hisG       *********AUGCGUUUUGUUCACAGCCACCACCAUCAUCAUUGGAACUGUAUGGCCUAGCCG*UGAACUUAAUGUUUGGGCUAGCCGUAUA*****AACGCUAGCCUUUCGAUUGA*****************************************CUAUACAACCCCCGAAAGGCAU*AUACCUUCGGGGGUUUUUCAUUUU 
PE36_hisG     AUGAAUAACACUCUGAAAGUAAACGUGCAUCACCAUCAUCAUAUUUGAUUAGCUUUCAGGCUG**************UUGACUGGAGGUGUAUGC***ACGCAAGCUUCCGGAACUCAUUUA**************************************GAAAAACCCUCGGAAGAUUU**AUCUUUCGGGGGUUUUUUCGUUU 
SO_hisG       AUGAGCCAACUACUGAACGCUACCCACCAUCAUCACCACCAUAUGCGGUAGCCUUCGGACGU*************UCACUGCCGGAGGACUAUA*********UCCUUCUGGCGGACUGAUUCAAAG****************************AUGAUCAUAAACCCCUGGAAGGA******AUUCCGGGGGUUUUUGCUUUU 
Shewmr4_hisG  AUGAGCCCAUUACUGAACGCUAUCCACCAUCAUCACCACCAUAUGCGGUAGCCUUCGGACGC*************UCACUGCCGGAGGACUGUA*********UCCUUCUGGCGGACUGAUUCAAAG****************************AUGAUCACUAACCCCUGGAAGGA******AUUCCGGGGGUUUUUGCUUUU 
Sbal_hisG     AUGAGCCCACUACUGAACGCUAUCCACCACCAUCACCACCAUAUGCGGUAGCCUUCGGACGC*************UCACUGCCGGAGGACUAUA*********UCCUUCUGGCGGACUGAUUCAAG*****************************AUGAUCAUAAACCCCUGGAAGGA******AUUCCGGGGGUUUUUUGCAUU 
Sputcn32_hisG ***AUGAGCCCACUACUGAACGCUAUCCACCAUCACCACCAUAUGCGGUAGCCUUCGGACGC*************UCACUGCCGGAGGACUAUA*********UCCUUCUGGCGGACUGAUUCAAGG****************************AUGAUCAAAAACCCCUGGAAGGA******AUUCCGGGGGUUUUUGCAUUU 
Ssed_hisG     ***AUGAUACAGCUUUCGAACACUAUCCAUCAUCAUCACCAUAUGCGGUAGCCUUCGGAAGC*************UCACUGCCGAAGGACUAUU*********UCCUUCCGGCGGUUGAUUCAAGA******************************AUAUCAAGAACCCCUGGAAGGA******AUUCCGGGGGUUUUUACGUUU 
Sfri_hisG     ***AUGAACAUCCAAGUGACUACAAUCCACCAUCAUCACCAUAUGCGGUAGCCUUCGGAUGC*************UAACUGCCGAAGGACGUUA*********UCCUUCUGGUGGUGAACACUUAUU*******************************CACAUAAACCCCUGGAAGGA******AUUUCAGGGGUUUUUUGUUUU 
Sden_hisG     ***AUGAACAUACUGAAGACUAGCAUGCACCAUCAUCACCAUAUGCGGUAGCCUUCGGAUGC*************UUACUGCCGAAGGACUGUA*********UCCUUCUGGCGGUGAUAUAUUUAU****************************AUAACACAAAACCCCUGGAAGGA******AUUUCAGGGGUUUUUUGCUAU 
Shew_hisG     ***AUGACACAGCGUUUGAAUACUAUCCAUCAUCACCAUCAUAUGCGGUAGCCUUCGGAUGC*************UUACUGCCGGAGGACUAUU*********UCCUUCUGGCGGUUGAUUCAAAAG*****************************CGAUCUAAGACCCCUGGAAGGA******AUUCCGGGGGUUUUUAGUUUU 
Spea_hisG     ***AUGACAAAGCUUUUGAACACUAUGCAUCAUCAUCACCAUAUGCGGUAGCCUUCGGAAGC*************UCACUGCCGAAGGACUAUU*********UCCUUCCGGCGGUUGAUUUAAAAA******************************UAUCAAAAACCCUUGGAAGGA******AUUCCAAGGGUUUUUUGGUUU 
Swoo_hisG     ***AUGAUAAAGCUUCUGAACACUGUGCAUCAUCACCACCAUAUGCGGUAGCCUUCGGAAGC*************UCACUGCCGAAGGAGACUA*********UCCUUCUGGCGGUUGAUUCAAGAA*******************************UAUCAAAACCCCUGGAAGGA******AUUCCGGGGGUUUUUCGUUUU 
Sama_hisG     AUGUUCCAGCUUUCGACUGCCAAGCACCAUCAUCACCAUCAUAAGCGGUAGCCUUCGGAAGC*************UCACUGCCGAAGGUGCAU**********UCCUUCUGGCGGUCAUGAUCUAAAG***************************UUUCAGGACAACCCCCGGAAGGA******AUUCCGGGGGUUUUUCUUUGC 
CPS_hisG      ***AUGAUUAUUAACCUGAAUCGCCGACAUCAUCACCAUCACUACAACUAGCCCAUUCAGGUUUACUUAAUAAGUAAAUUACUGAAGGGCAAC********UGGCCUUUCAGUGGUUUAAAAAAGCAUAAUACAUCCUCUUAAUAGAAGUAAUUGUAAUUGCUAAACCCCCGAAAGAGUCACGACUCUCUCGGGGGUUUUCGCAU 
ATW7_hisG     ***AUGCACUUAAACCUGACAACAGUACAUCAUCACCACCAUUCACCGGAAUAACCUGUCAGGU**********CUUUCGCUGAGAGGUUAUUCC*UAAAAGGAACCUCUGGCGAUUCAAAACACAUU***************************GAUUCAUUUUCGCCCUGAGGUUCC******CCUCGGGGUUUUUAGUUUUU 
PSHA_hisG     ******AUGCGCUUAAACCUGACAUCAGUACAUCACCACCAUUCAUCGGAAUAACCUGUCAGGU**********CUUUCGCUGAGAGGUUAUUCC*UAAAAGGAGCCUCUGGCGAGUCAUACAAAUU****************************GAUUCAUUUUCGCCCUGAGGUUCC*****GCCUCGGGGUUUUUAGUUUUU 
PTD2_hisG     ***AUGAUUUUUAACCUGAACACUAUUCAUCAUCACCAUCAUUCAUCGGAAUAGCCUUUCAGGU**********CUUUCGCUGAGGGGUUAUUCCUUAAAAGGAGCCUCUAGCGAAUUUAAAUAGUU******************************UUCAUUUUCGCCCCGAGGUCUC*****CCCUCGGGGUUUUUAGUUUUA 
Patl_hisG     ***AUGUUUAUCUCAAUUACGCCAGCAAAACAUCACCAUCAUAUAGCAUAACCUUUCAGGUUGG**************UGCUGGAAGGUCUAUUG******AUUCCUUCCUGCGGCGUAACGAUUAA************************************CUAGCCCUCGGAAGGAA****ACUUCCGGGGGUUUUUCAUUU 
MADE_hisG     ******AUGAUUAACUGCGCGGCGAAACACCACCAUCACCACAAAGCAUAACCUUUCAGGUU**************CGUGCUGGAAGGUCUAUGU*******AUCCUUCCGGUGGCGCAGAUAGCAAA*******************************AUUCUCGACCCUCGGAAGGAA****ACUUCCGGGGGUUUUUCGUUU 
Ping_hisG     ******AUGAAAAAAAUCACCCUGAAAUCACUGCACCAUCAUAUUAUCUAAUCUUUCAGGAU**********CUUAUUCUUGGGAGAAUUUUUGC*******GUUCUUCCAGAGGUUACCAAUAAAA************************************UAAACCCCCGGAAGUCC***GCCUCCCGAGGGUUUUUUAGUU 
PCNPT3_hisG   AUGAAAAAUAUUAACCUGAAAGCAUUACACCACCAUCAUCAUAUGACGUGAUCUUUCAGGAUC************UUGUUCUGGAAGAGUGUG*********AUUCUUCCAGUGGUUAUACAUCUAUC*********************************UAAAAAACCCCGGAAGGCAU**CCCUUCCGGGGUUUUUUUUAGC 
Aeromonadales 
ASA_hisG      AUGAAGUUCACCCUGCUGAAGACUCAUCACCACCAUCAUCAUCCCGACUAGUCUUUCAGGAGG**********UUGACUGCUGGAAGACACUUAA***CUGGUGACUUCCAAAAGGACCGCAAGA**********************************UUCAUAAACCCUCGGAAGCACA**UACUUCCGAGGGUUUUUUCGUU 
AHA_hisG      AUGCAGUUCACCAGCCUGAAGACUCAUCACCACCAUCAUCAUCCCGAAUAGUCUUUCAGGAGG**********UUGACUGCUGGAAGACACUUAA***CUGGUGACUUCCAAAAGGACCGCAAGA**********************************UUCAUAAGCCCUCGGAAGCACUG**ACUUCCGAGGGCUUUUUCGUU 
 
Рис. 2. Классическая аттенюаторная регуляция у типа Firmicutes оперона ilvD.  Старт-кодон и регуляторные 
кодоны гена лидерного пептида отмечены полужирным, а его стоп-кодон отмечен полужирным курсивом. 
Антитерминатор (спираль 1) далеко не пересекается с терминатором (спираль 4), а передает свое действие 
через ко-антитерминатор (спираль 2, которая складывается). Если антитерминатор не может сложиться из-за 
соответствующего положения рибосомы на мРНК гена лидерного пептида, то складывается ко-терминатор 
(спираль 3, которая не позволяет сложиться спирали 2, но позволяет сложиться терминатору). Триплекс 
выделен розовым цветом. При этом образование триплексов на антитерминаторе и ко-терминаторе 
существенно для процесса регуляции. В случае  Geobacillus thermodenitrificans (GTNG_ ilvD) классическая 
регуляция без образования триплекса.   
 
Termination conformation (3, 4)                                                                                    3` ===========    ========== 3` 4` ===========     =========== 4` 
Antitermanation conformation (1, 2)                                        1` ===============            ================ 1`        2` =====          ===== 2` 
Bacillales 
SA_ilvD   ***AUGCUUAAUCAAUAUACUGAACAUCAACCGACAACUUCAAAUAUUAUUAUUUUAUUAUACUCUUUAGGACUCGAACGUUAGUAAAUA****UUUACUAAACGCUUUAAGUCCUAUUUCUGUUUGAAUGGGACUUGU***AAACGUCCCAAUA******AUAUUGGGACGUUUUUUUU*****             
SERP_ilvD AUGACUUAUCUAUCUACGCUAGACCUACCAACAACUCAACAUGCUAUUAUCAUUUUAUUAUACUCGUAAGGACUCGAACUUUAGAAAAGUUUUAACUUCUAAA*UGUUUAAGUCCUAUUUCUAGUUGGAUGGGACUUAA***UAACGUCCCAAUAU*****UCAUUGGGACGUUUUUUUAUUUU*     
SH_ilvD   ************AUGACAAAUCAAACAUAUAACCCAACUGACAAUUUAAUUAUUUUAUUAUACUCGCAAGGGCUGGAACUUUAGUAAUUAUCU*GUUACUAAA*UGUUUAAGUCCUAUUUCUCAUUGAAUGGGACUUA***UAGACGUCCCAAUCAU****AAAUUGGGGCGUCUUUUUAUGUU*   
SSP_ilvD  AUGACCAAACAUACAACGCAAGCUCAACCAACAACUUCAAAUAUUUUAGUCAUUUUAUUAUGCUCAUAGGACUGGAACUUUAGUAAAGAAAC****UACUAAAC*GUUUAAGUCCUUAUUCUAGUUGAAUGGGGCUUU***AAAGUGUCCCAAUAAU****UUAUUGGGACACUUUUUUUAUUU*              
lin_ilvD  ************************AUGAAAACGACCAAAUCAGUCAUUACAAUUUUAUUACUCUAAAAGGACUUUGAGCACUGUAGAAA*****UUUACAGUA**GUUUGAGUCCUGUUUAC*GUUAAAUGGGAUUCUGGCAAAGCAUCCCAUUGUUUUCAUCAUUGGGGUGCUUUUUCUUUAG*    
lmo_ilvD  ************************AUGAAAACGACCAAAUCAGUCAUUACAAUUUUAUUACUCUAGAAGGACUUUGAGCACUGUAGAAA*****UUUACAGUA**GUUUGAGUCCUGUUUAC*GUUAAAUGGGAUUCUAGCAAAGCAUCCCAUUGUUUUCAUCAUUGGGGUGCUUUUUAUUUAG*  
lwe_ilvD  ************************AUGAAAACGACCAAAUCAGUCAUUACAAUUUUAUUACUCUAGAAGGACUUUGAGCGCUGUAGAAA*****UUUACAGUA**GUUUGAGUCCUGUUUAC*GUUAAAUGGGAUUCUAGCAAAGCAUCCCAUUGUUUUCAUCAUUGGGGUGCUUUUUCUUUAG* 
GTNG_ilvD UGAUCCCAUUCCCCGUUCAUACAAGAAAAAUCAUAUUGACAUUUUAUAAUAUUCAUACUAUUUUAAAGUUA**********************************************************GGUGUGAUAUGUAAUUUAUAUAACGUUAAUAUAACGUUAUAUAUUUUUGUAUCUUU  
(нет старта) 
 

 



 
Рис.3. Классическая аттенюаторная регуляция у типа Firmicutes оперона lysQ. Ген lysQ кодирует пермеазу. 
Возможно, что у единственного вида Lactococcus lactis эта пермеаза сменила специфичность, поскольку мы 
наблюдаем зависимую от концентрации гистидина регуляцию, которая отсутствует у других фирмикутов. 
Старт-кодон и лидерный пептид выделены полужирным. Старт-кодон и регуляторные кодоны гена лидерного 
пептида отмечены полужирным, а его стоп-кодон отмечен полужирным курсивом. Антитерминатор (спираль 
1) далеко не пересекается с терминатором (спираль 4), а передает свое действие через ко-антитерминатор 
(спираль 2, которая складывается). Если антитерминатор не может сложиться из-за соответствующего 
положения рибосомы на мРНК гена лидерного пептида, то складывается ко-терминатор (спираль 3, которая 
не позволяет сложиться спирали 2, но позволяет сложиться терминатору). 
 
Termination conformation (3, 4)                       3` =============         =============== 3`    4` =============   ============ 4` 
Antitermanation conformation (1, 2)  1` ============    ============== 1`                2` =====          ===== 2` 
Lactococcus lactis  LACR_lysQ  
AUGAAUUGCUCAUUGCGCCAUCAUCAUUUGCAUAGAUAAGAGUUGUGUCAUACAGUAGGUAUAGAUACAGCUUUAGAGUACGCUCAAGUAUCUAUGCCGGUGAUUCUCAAGAGACCGGUUGUAAAGACAACUGGUCUUUUUAUUUGUUCGUGCUCUGGUUUGUAAAAAAAACAAGAGAUUAGAAAGUAAAGAUU 
 

Рис.4. Классическая аттенюаторная регуляция у типа Firmicutes оперона  hisZ. Старт-кодон и лидерный 
пептид выделены полужирным. Старт-кодон и регуляторные кодоны гена лидерного пептида отмечены 
полужирным, а его стоп-кодон отмечен полужирным курсивом. Антитерминатор (спираль 1) далеко не 
пересекается с терминатором (спираль 4), а передает свое действие через ко-антитерминатор (спираль 2, 
которая складывается). Если антитерминатор не может сложиться из-за соответствующего положения 
рибосомы на мРНК гена лидерного пептида, то складывается ко-терминатор (спираль 3, которая не позволяет 
сложиться спирали 2, но позволяет сложиться терминатору). 
У представителей Listeria (lwe_hisZ, lmo_hisZ) и Clostridium difficile (CD_hisZ) классическая регуляция без 
образования триплексов. У отдела Bacillales складывается слабый триплекс. 
 
Termination conformation (3, 4)                                      3`================>                 <=============== 3`                4`=================>     <================= 4` 
Antitermanation conformation (1, 2)         1`================>       <================== 1`              2` ==============>                      <============= 2` 
Bacillales 
Bcer_hisZ      AUGCUUACACAACUACAUCAUCAUACGUAAAGCCCUUGAACCUAACGUGAAA***ACGUGUAGGUGCAAGGGUUA************UUCCCGUUGUACCUACACGCUA*****************CGAAAGAGCCUUGUAGGUAUAUUUUAUCUACAAGGCUCUUUUUA 
BT9727_hisZ    AUGCUUACACAACUACAUCAUCAUACGUAAAGCCCUUGAACCUAGCGUGAAA***ACGUGUAGGUGCAAGGGUUA************UUCCCGUUGUACCUACACGCUA*****************CGAAAGAGCCUUGUAGGUAUAUUUUAUCUACAAGGCUCUUUUUA 
BATI_hisZ      AUGCUUACACAACUACAUCAUCAUACGUAAAGCCCUUGAACCUAACGUGAAA***ACGUGUAGGUGCAAGGGUUA************UUCCCGUUGUACCUACACGCUA*****************CGAAAGAGCCUUGUAGGUAUAUUUUAUCUACAAGGCUCUUUUUA 
BcerKBAB4_hisZ AUGCUUACAAAACUACAUCAUCAUACAUGAAACCCUUGAACCUAACGUGAAA***ACGUGUAGGGACAAGGGUUA************UUCCCGUUGUACCUACACUCUA*****************CUAAAGAGCCUUGUAGGUAU**UUUGUCUACAAGGCUCUUUUUA 
lwe_hisZ       AAAAAUGUAAGGACAACACGCCAUCAUCAGUUUGUGGUCCAUACUCAUUUAAAAAAUCUCGCGUAAAAUCCUCAUAACCAAUCAAA******************************UAAUCUACUUCCAAUCCAAUAUGUAUGAAUAAAUCGCUCGCAUAUUUUUUCUUU 
lmo_hisZ       AAAAAUGCAGCGACAACACACCAUCAUCCGUUUGUGGUCCAUACUCAUUCAAAAAAUCCCGCGUAAAAUCCUCAUAACCAAUCAAA******************************UAAUCCACUUCAAACCCGAUAUGUAUUAAUAAAUCGCUCGCAUAUUUUUUCUUU 
Clostridiales 
CD_hisZ        ACAAAAUUAAAUCAUCACCAUCAUCAUAGAUUAAAGGGAUUGUAAUAUGAAAUUAAUUCAUAGACACAAGCCCUGUUUUUAGUGUAAUUGGUCUUGUAUCUAUGAUGGGAAGUAAUUUUAAGAGAAAAUUAUAGCCAUAUAGGUAUAAA**GCCUAUGUGGCUUUUUU** 
 

 
Рис. 5. Классическая аттенюаторная регуляция у типа Firmicutes оперона trpB. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
 
 
Bacillales 
>Bacillus halodurans      BH_trpB 
AUGUGUUGGUGGUGGCAGUAAUGCGAUAGGAACGUUUUACCCAUUUUUAGAGGAUGACGUGAAGCUUAUCGGCGUGGAAGCGGCGGGCAAAGGAGUCGAGACUUCUCAACAUGCGGCGACGAUU***ACGAAAGGACGAGUAGGUGUCAUUCACGGAUCGAUGACCUACUUGCUUCAG 
>Bacillus thuringiensis BALH_trpB 
UUGUAUUGGUGGUGGGAGUAACGCAAUGGGAAUGUUUUAUCCGUUCGUACACGAUGAAGAAGUUGCUCUUUACGGCGUAGAAGCAGCUGGAAAAGGUGUUCAUACAGAAAAGCAUGCAGCAACUUUAACGAAAGGAAGCGUCGGUGUUUUACACGGAU***CAAUGAUGUAUCUUCUA 
 
  

Рис. 6. Классическая аттенюаторная регуляция у типа Bacteroidetes оперона hisG. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
 
 
Bacteroidia  
PGN_hisG     ******AUGACU****18************CAUCAUCAUUUUUAUAAUUGCAAUCAGGCGAUUUAAAAAUGUAUUGAAUAAAAGCAAAAUA***UUUAUAAACCCGUUUGAGCAAA*UCAAACGGGUUUUUUCAAUUUUA 
BF_hisG      ******AUGAACAUUACUAUUACACAUCGUCAUCAUCAUUACUCAAUCGAAUAACUCGGUGGGCAAGAUGGUAUUGUGUAUAUAUAUGAUAGAA****UACGAGGCUUACCGAUA**AGGUGAGCCUUUUUUAUUUUCUA 
BACCAC_hisG  ******AUGAAAUAUACAGCUACACAUCAUCAUCAUCAUUUUCCUAACGAAUAACUCGGUGGGCAUAGAUGAUAUUGUGUAUACUCUAUAUAACGAUAACAAAGGCUUGCCGAAU*ACGGUAAGCCUUUUUUUUAUUCCC 
BT_hisG      ******AUGAAAUAUACAGUUGCACAUCAUCAUCAUCAUUUUCCUAACGAAUAACUCGGUGGGCGUGAUUGAUAGUGUGUAUAACUCUAUAAAGAU*AACGAAGGCUUACCGAAU*ACGGUAAGCCUUUUUUUAUUUCUG 
BACOVA_hisG  ******AUGAAAUAUACAGCUACACAUCAUCAUCAUCAUUUUCCUAACGAAUAAUCGGUGGGCGUGGAUGAUAUUGUGUAUAACUAUAUAAACGAUA*ACGAAGGCUUACCGAAU*GCGGUAAGCCUUUUUUGUUUUUCA 
BACUNI_hisG  ******AUGAAGAAUAUCGUUGCACAUCAUCACCAUCAUCAUCCUAACGAAUAACUCGGUGGGCGUAUGAGUGUAUAUGUACAACAGAUGACAUAACAGACGAGGCUUGCCGAAUAUUGGUAAGCCUCGUUUUGUUUUCU 
BVU_hisG     *********AUGGUUAGAACUGCUACACAUCAUCAUCAUUUUCCUAACGAAUAAUUCGGUGGGCUAAGGUGAUAUUGUAG**********UAUAAUGAUAUAGGGCUUGCCGAAA*ACGGUAAGCCCUUUUUAUUGCCGG 
BDI_hisG     ***AUGAAAAUAACGACUACAUUAUAUCACCAUCAUCAUUACAGCGGGCAAUAGUUCGGUGGGCUGAAUGGUAUGUAUGUACUC***AUGAUAAAAAGAUAAAGGCUUGCCGUUUUGCGGUAAGCCUUUUUUUGUUGAUA 
PARMER_hisG  AUGAAAAGUACGGUUCUGCAUCUCCACCAUCAUCAUCAUUACAACGGGCAAUAGUUCGGUGGGCUGUGUGGUAUGUAGGAACAUAUGAUAUA**AAUGAAUAAGGCUUGCCGUUU*ACGGUGGGCCUUAUUUUGUUUUUG 
Flavobacteria 
FBBAL38_hisG ***AUGAAAGCACAAAACGUACAUCAUCAUCAUUUUUUCACUUACCGUCAGGCGAGCUAAAAAUGUAUUGAUG*****UAACUCAAACAUAUUUUAAAAACCGUCUGUU********UCAGGCGGUUUUUUUGUUUUAAA 
FB2170_hisG  ******AUGAGAAACCAAAAUACACAUCAUCAUUUUUAUACUUGCUCUCAAGCGAGGUAGAAAUGUAUUGUAGUAU******UUACAACAUAUAGCUAACCCGUUUGAGAA*****AUCAAACGGGUUUUUUGAUUAAUA 
FP_hisG      ***AUGUCUCUAAAUCAAUUACAUCAUCAUCAUUUUCAUAUUUGCUCUCAGGCGAAGUGUUAAUGGUAUGCGUG*****UAAAUCACAAUAUUCUAAAACCCGUUUGAGUA****CAUCAAACGGGUUUUUUAUUUUCUC 
Fjoh_hisG    ***AUGAUUUCAAAUCAAUUACAUCAUCAUCAUUUACAUUAUUGCUCUCAAGCGAUGUGUUAAUGGUAUGUGUG*****UAAAUCAUCAUAUUUUAAAACCCGUUUGAGUA****CAUCAAACGGGUUUUUUUAUACCAA 
P700755_hisG ***AUGAAAAAUUACAACCUACAUCAUUAUUUAUCUAAUACGCUCAACGCGGUUGGAAUGUAAUAUGUAGAUAG*********UUAAUCAUAUACAAAACCCGUUUGAGCACUAUGCUCUAACGGGUUUUUUAAUUUAAA 
GFO_hisG     ***AUGAGAAAAUAUACUGUACAUCAUCAUCAUUUUUCUAUCCACGCUCAGGCGAGGUGAAUAUGAUAUGUUGU***AACAUUAACUAAAAUAUCAUAACCCGUUUGAGCA*****AUCAAACGGGUUUUUUUAUUUCUA 
MED217_hisG  ***AUGAGAAGAACAGUAUUACAUCAUCAUCAUUUUUAUUCACGCACUCAAGCGAGGUAAAGAUGUUGUAUAUGUAAUUUAUAUAUAAAAUAACAAUAACCCGUUUGAGCC****GUUCAAACGGGUUUUCUGUUUAGAA 
MED134_hisG  ***AUGAAAUUGAACAAAACACAUCAUCACCAUACUACAUUAUUCGCUCAAGCGAGGUAGUUUGGUAUGUAAAU***********AAUUCAUAUAUAAACCCGUUUGAGAU****ACUCAAACGGGUUUUUUCUUUUUUG 
RB2501_hisG  ******AUGAAGAAGAACACCACACAUCAUCAUAUCGGCUCCUGCGCUCAGGCGAGGUAGCGGUAUAUGUUGUGUUG*****CAGACCACAUAAUCGGACCCGUUUGAGCA*****AUCAAGCGGGUUUUUUUAUUUACA 
CA2559_hisG  ******AUGAGAAACACACAUACACAUCACCAUUUUUCUAGCAACGCUCAAGCGAUGUAGAUUUGGUAUGUGAAAAA********CUAUAAAUCUAAAACCCGUUUGAGAC****AUUCAAACGGGUUUUUUGAUUUUAU 
PI23P_hisG   AUGACUUUUAUUCAAGCACAUCAUCAUCAUCAUUUUUACAAUUGCAUUCAAGCGAUUUAAAAAUGUAUUGAAUAAAA******UCAACAUAUUUAUAAACCCGUUUGAGCAA****AUCAAACGGGUUUUUUUAAUUUUA 
Sphingobacteria 
M23134_hisG  UUAGCCACCGCUAACAUCCAUCACCACCCCCAUCAUUUGGCGCAUCAUCAUUGCCAUUAAUUCUUGUCUUGCCUUUUUUCUCAAAAACCCACAGGCAUACAAAACAGUUUCACAUUUAUUUUUCUUGUUAACUUUCAUAC 
             AGUUUAGAAUAGAGUCAGGCGCUUUGUACUGCUUCGUAUGCUAAACACACGCCUAUUUUUUGAUCAAAUCCGUGUUUGGGUU 
Bacteroidetes; environmental samples; unidentified eubacterium SCB49 
SCB49_hisG   AUGAAUACACAAAUACAUCAUCAUCGCUUUAACUCUGGACUACAGUCGAGCAAGAAGUGAUAUGUGUAU***********AAAACAAUAUAUUAUGAAACCCGUCUGAGUAA*****UUAGACGGGUUUUCUGUUUUUAA 
 

 
Рис. 7. Классическая аттенюаторная регуляция у типа Bacteroidetes оперона ilvD. Старт-кодон и лидерный 
пептид выделены полужирным.  
Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым цветом, антитерминатор выделен 
одной чертой. Зеленым цветом отмечен альтернативный старт-кодон.   
 
 
Bacteroidia 
BDI_ilvD    *********************AUGAACAACGUAUUGCAUAUUAUUCUCGUGGUGGUCCUUCUAGUCAUUAGUAGGUAAGGAGAAAGGUGUGUAAGAAGUUGUGAAGUCGUA******GAGAUAUUUCUUAAGCCUUUCUCCA**UAUAGGGAAAGGCUUUUUUUAUU 
PARMER_ilvD ******************AUGAUGAACAAUGUAUUGCAUAUUAUUCUCGUGGUGGUCCUUCUAGUCAUUAGCAGGUAAGGAGAAAGGUGUGCAAGAAAUUGUGAAGUCGUA****UAAAGAUAUUUCUUAAGCCUUUCUCCA**UACAGAGAAGGGCUUUUUUAAUA 
BACOVA_ilvD ***AUGUUACAUACAUCUAUUAACCUAGCAGUCCUGCAUAUUAUUCGCGUCGUGGUGGUCCCAUCAAG******AGCGUGAGAAAGGUUUUUGUGUUGUAUGUGUUCGUACCAUAAAAGAUAGAAUUUAGAGCCUUUCUCACUUGUGUGAGGAAGGCUCUUUAAUUA 
BACCAC_ilvD ***AUGUUACAUACAUCUAUUAACCUAGCAGUUUUGCAUAUUAUUCGCGUCGUGGUGGUCCCAUCAAG******AGCGUGAGAAAGGUUUUGUGUUGUAUGU*GUUCGUACCAUAAAAGAUAGAAUUUAGAGCCUUUCUCACUGAUGUGAGAGAGGCUCUUUAAUUA 
BF_ilvD     AUGAAUAAUCAUACAUCAAUUAACCUGGCAGUCCUGCAUAUUAUUCGCGUCGUGGUGAUUCCAUCAAG******AGCGUGAGAAAGGUUAUGUAUGUAUUCG*****UACAGAUAGAAGAUAUGAUUUAGAGCCUUUCUCACUACAGUGGGGAAGGCUCUUUACUUA 
BVU_ilvD    AUGAAUAUUACUACUCUAAAUAACCUGGCAGUCCUGCAUAUUAUUCGCGUCGUGGUGGUCACACUGGG******AGCGUGAGAAAGGUUGUGUAUGUGUAGU****UGUACAUAUAAAGAAAUAAUUGAAAGCCUUUCUCACA*UGGUGAGGAAGGCUUUUUCAAUA 
Flavobacteria 
MED217_ilvD ******AUGAAAACAGCAAUUCGUGUAC******GUUCUAUUAUUGUCAUUAACGGUAGUUGAU******************************************GCGGAACGUCAUAUUUAAAUAAUAGACCUUCCGUUAA****ACUGGAAGGUUUUUUUUUGA 
Bacteroidetes; environmental samples; unidentified eubacterium SCB49 
SCB49_ilvD  ************************************************GUGGUCAUUAUACCAAUUCUAUAUUAGCCACUA*********************************CAGAAGCCAAACAAAAAGGAUUUGA***********CGAAGCUCUUUUACUAG 
Chlorobi 
CT_ilvD    CCCCUCCUCUCCGGUAUUACCCUUACCGUAUCGGUACCGCUUGUACACGUACGAAUUAUCGUAGCCUGACCCGCCGUCAGCCCGUUUCCAGGUCCAUCGUAUUUUC***CGCGACAAUACAUCAGACUUCAAGGCUUCGGGACAGGCAGGCCCGGACUUUUGUUUUUC  
 



 
Рис. 8. Классическая аттенюаторная регуляция у типа Bacteroidetes оперона trpE. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
 
 
Bacteroidia 
BF_trpE      AUGCAAGUAAAUACAUAUUGGUGGUGGCGCCCGUUACAACUCCGACAGUCGUAAGGGAGCAGCGCUCGUAUGUAUAUACCUCAUUAAAGAUAUAACAGAA**********UUUAGAAAGAGCCCUGUCGCAA*CCUGCGACGGGGCUCUUUUUUUUAA 
BVU_trpE     ******AUGGUAAAUACAUAUUGGUGGCGUUUCUUACAACUAAACAAGUCGUAAGGGAACCAGACCAUGUAUAUAUACCUGACAUUCUAAAAGGAUAUUC************AAACUGAAGGCCUGUCGUA**CUUACGACAGGCCUUUUUUCGUUAG 
Flavobacteria 
FP_trpE      *********AUGAACACAUUUUUAAACAAUACUUGGUGGUGGAAUAAUUUACGUCAAACGUCGUGAACUAAUCCUCUAUAUUGUAUUUUUAAAACU**********CAAAAUAUAAAAAAGGCUUGUCAAUCA***CGACAAGCCUUUUUUUUGUGCA 
Fjoh_trpE    *********************AUGAACAAUACUUGGUGGUGGAACAAUUUACGUCAAACGUCGUGAACGAAGCUUCCUAUGGUAUUUU*************CAAAACUAUAAAUAUAAAAGGCUUGUCA*UCA***CGACAAGCCUUUUUUU****** 
FB2170_trpE  *********AUGAAAAACAGAACAAAUAAUACAUGGUGGUGGAGUAACUUACGAAAAACGUCGUGAGCAAAGCAUCAUUGUAGUAAA**********************ACUAUAUAAAAGGCUUGUCUAUCA***CGACAAGCCUUUUUUAAUUAUA 
FBBAL38_trpE *********AUGAUUUCAAUUUUAAACAAUACUUGGUGGUGGUCUAACUUACGUCGAACUUCGUGAGCGAAUCCUGCUAUAGUAUCA**********UUUAAAACCAAAUACAUAGAAAAGGCUUGUCAAUCA***CGACAAGCCUUUUUUUAUUGCC 
GFO_trpE     ******************AUGAAAAAAAAUAACUGGUGGUGGAAUAACUUACGUCAAACUUCGUGAGCUAAACUGCUAUUUUCAAUAUAGAA********************AUUAAAAAGGCUUGUUUCA*****CGACAAGCCUUUUUUUAUUGCA 
RB2501_trpE  *********AUGAAAACAUUGAUUACAACAAACUGGUGGUGGGUAUCUGAUCGCGGAACGUCGUGACCUGAGCCCCCCUGUGUUUGUCCACCAUA********************CCUAAGGCUUGUCUGUCA***CGACAGGCCUUUUUUAAUUUUU 
MED134_trpE  *********AUGAAAAACAAUACAGUACAUACUUGGUGGUGGAUUACACAACAAUCGUUGUCGUAAGCACGCACCUAUGUACCAUUCAUAUA**************************CAGCCUGUCUUUA*****CGACAGGCUUUUUUUUUGUUCU 
MED217_trpE  *********AUGAAAAACAAAACAGUAAAUACUUGGUGGUGGAUCUCGCAACAGUAAUGUCGUGAAACAACCUUGUAUUUAAAAUUUAAAUAAC*********************UGAAAGGCCUGUCUCA*****CGACAGGCCUUUUUUGUUUCGC 
P700755_trpE *********AUGCUUAAAACAAAUAACAAAUCUUGGUGGUGGUCUUUAUUACGUCAAACGUCGUGACUUAGAUCCUGCUAUGUAAAUAUAUCA***********************UAAAGGCUUGUCUAUCA***CGACAAGCCUUUUUUCAUUUAU 
MED152_trpE  AUGAAAAACAGUAUAAACAUAUCUUGGUGGUGGAACUCUCUUAACUAAUAAGUGAGUUUAUACCUGUAUGUAAAAAUAUAU*********************************UAAAAAGGCUUAUCUCA*****CGAUAAGCCUUUUUCAAUUCAA 
PI23P_trpE   AUGAAAAAUAAUACAAACAAAACUUGGUGGUGGAACUCUCUUAAUUCAUAAGUGAGAUGAAUCCUAUAUGUUUAUAA******************************CAUAAUAAAAAAAGGCUUAUCUCA*****CGAUAAGCCUUUUUUUAUUAUU 
Sphingobacteria 
CHU_trpE     ***AUGAAAACAAUUACAGGAACUAAACAAUUGUGGUGGUGCGUGAACUAAUCAGUUCGUGAACAUGCUGCUGUGUCCUGUUUG******************AAAAUAUAUCAAAAAAGAGGCUUGCUGU***UCACGGCAAGCCUCUUUUAUUUUAU 
M23134_trpE  AUGAAUGAAAAAAGUUUACAUAUUACAAGAUGUUGGUGGUGGCACAAAAGAGAACUCUCUUCUGUGAAUAGCCCCGUUGUAUACGUGUAAAACUUUAUUACAUAAAGAUAUAAGCAAAAAGGCUUCCUGU***UCACAGGAAGCCUUUUUGCGUUUUG 
ALPR1_trpE   *********AUGAAAACAUUCGCAAACAAAUAUUGGUGGUGGCAUUCUUAUUCUUUCCAAAAGGAAGUUUAGAAAGCCCCUGCAAUAAAAUUUGCG******UUACGAUAUAGUAUAAAAGGCUUACUGGAU*UUCCGGUAAGCCUUUUUUAUUGAAA 
Bacteroidetes; environmental samples; unidentified eubacterium SCB49 
SCB49_trpE   *********AUGCAAACAACAAACAAUCUUACUUGGUGGUGGAAUAACUCUCGACAAAAAUCGUGAGCUAAGCACUAUUUGGUAUAUAUCAUA**********************CAAAAGGCUUGUCAUU***CACGACAAGCCUUUUUUUUUAUUU 
 

 
Рис. 9. Классическая аттенюаторная регуляция у типа Thermotogae оперона hisS. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
 
>Thermotoga maritima  TM_hisS 
AUGUUUUUCGGUGAACACCACCAUCAUUGCUACGGCCCGGCGGUUUCUCCACCGGGUGUGUGAUGGUGGGAGAUCGCACGGGCCACGUCGAGAAGACGUGGCCUUUUUGUUUAUCGAAUAAAACCGCAAAGAAGACACCAUUUUCUAU 

 
Рис. 10. Классическая аттенюаторная регуляция у типа Thermotogae оперона trpE. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
 
>Thermotoga maritima TM_trpE,   Thermotoga petrophila  Tpet_trpE 
GUGGAGAGGAGUUCAUGGUGGUAUUUGAAACAGGUGAGCGAGACGCGGUGGUAAAAACGAUGGACAACAUUAUGGAGAACAUCAGAAACUUCGACUGGCAGAAGAUAUUCGGAAGUGAAAAGAAAGUAACUUUGAGUGGAGGGGUUGCGUUUUCAAAGA 

    
 

Рис. 11. Классическая аттенюаторная регуляция у типа Chloroflexi оперона ilvD. Старт-кодон и лидерный 
пептид выделены полужирным. Стоп-кодон выделен полужирным курсивом. Терминатор выделен желтым 
цветом, антитерминатор выделен одной чертой. 
  
>Herpetosiphon aurantiacus     Haur_ilvD 
AUGAAUAAUCGUCCCGCGUUUAUUAUUAUUAGCAACCUCCUUAGCCUCGUAAUCGUCGUCAUUACGCGGUCACUUUUGUGUGGGAGGGGCUAACAAGCCUCGCGGGUAGUUCAAAAGAACUCAAGCCCCUCCCAAUCGGGAGGGGCUUUUGAUUUGUGAUUAAGUUAGCUUCUGGAGGAUAAACACAUGCGGAACUUGUU 
 
 


