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(57) ABSTRACT 

The present disclosure provides temperature sensitive essen 
tial nucleic acid molecules from a psychrophilic bacterium, 
proteins encoded by the nucleic acid molecules, as well as 
recombinant cells into which have been introduced such 
nucleic acid molecules. The disclosed recombinant cells con 
taining one or more essential nucleic acid molecules from a 
psychrophilic bacterium are thereby made temperature sen 
sitive, and can be administered to a mammal to induce an 
immune response in the mammal. 
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FIG. 11J 

SEQ ID NO: 21 Uppercase Coding sequence; underlined Erancisella; 
normal font Colwellia) 

tataaatataAIGTCGAGCIIIAACCAAGCAIICGCCGAACIAAAACGCGGAGCAGAAGAAATATTAG 
TAGAAGAAGAATTATTAACAAAGCTTAAGACAGGTAAGCCGCTAAAAATCAAAGCGGGTTTTGATCCT 

ACTGCGCCTGACTTACATTTAGGCCACACGGTATTAATTAACAAGCTTCGTCAATTCCAACAATTAGG 
TCATGAAGTTATTTTCTTGATTGGTGACTTCACCGGAATGAITGGIGATCCAACGGGTAAAAATGTGA 

CGCGTAAGGCACTCACTAAAGAAGACGTATTAGCCAATGCTGAAACGTATAAAGAGCAAGTCTTTAAA 
ATATTAGATCCCGCTAAAACAACCGTTGCCTTTAACTCTACITGGATGGATAAATTAGGCGCGGCAGG 

TATGTTACAACTTGCCTCTCGTCAAACGGTTGCCCGTATGAIGGAGCGTGACGACTTTAAAAAACGTT 
ATGCTAACGGCCAGGCCATTGCTATTCATGAGTTTATGTACCCTTIAGTACAAGGTTGGGATTCAGTT 
GCGCTTGAGGCTGATGTTGAGCTGGGTGGTACCGACCAAAAGTTTAATTTATTAATGGGTCGTGAGTT 
ACAAAAAICTGAAGGCCAGCGTCCACAAACAGIATIAAIGAIGCCAIIACIIGAAGGCCTAGATGGCG 

TTCAGAAAATGTCTAAGTCATTAGGCAACTACATTGGCATTACTGATACGCCTACCGACATGTTTGGC 
AAAATAATGTCAATTTCAGATGTATTAATGTGGCGTTACTACGAGITACTTAGCTTTAAACCGCTTGA 

AGAAAITGAAGGTTATAAAACCGAGATAGAAAATGGCAAAAATCCICGTGATGTTAAAATTGATTTAG 
CCAAAGAATTGATTGCTCGTTTTCATGATGAAGCTGCTGCACAAGCTGCCCATGATGAATTCATCAAT 

CGTTTCCAAAAAGGTGCGTTACCTGATGATATGCCGGAATTAACGATTACCACTGAAAATGGTGAAAT 
AGCCATTGCTAACTTGCTTAAAGATGCAGGATTAGTCGGTAGTACTTCTGATGCCTTTAGAATGATCA 

AACAAGGGGCGGCTAAAATTGATAGCGAAAAAGTAACTGACCGTAGCTTAGTTATTAGCGCTGGCACG 
ACGGCAGTTTATCAAGTCGGCAAACGTAAATTTGCTCGTATIACCATAAAATAAqqqqttqtaa 

SEQ ID NO: 22 

MSSFNQAFAELKRGAEEILVEEELLTKLKTGKPLKIKAGFDPTAPDLHLGHTVLINKLRQFQQLGHEV 
IFLIGDFTGMIGDPTGKNVTRKALTKEDVLANAETYKEQVFKILDPAKTTVAFNSTWMDKLGAAGMLQ 
LASRQTVARMMERDDFKKRYANGQAIAIHEFMYPLVQGWDSVALEADVELGGTDQKFNLLMGRELQKS 
EGQRPQIVLMMPLLEGLDGVQKMSKSLGNYIGIIDIPIDMFGKIMSISDVLMWRYYELLSFKPLEEIE 
GYKTEIENGKNPRDVKIDLAKELIARFHDEAAAQAAHDEFINRFQKGALPDDMPELTITTENGEIAIA 
NLLKDAGLVGSTSDAFRMIKQGAAKIDSEKVTDRSLVISAGITAVYQVGKRKFARITIE 

SEQ ID NO: 23 (Uppercase Coding sequence; underlined Francisella; 
normal font Colwellia) 

aagtctagaaqAIGTCGAAAAACTTGTACAGTTIATGCAGGAATTIGAGAAIGAACAATAGCACACCA 
GTTATAACCATTGATGGCCCAAGTGGGGCTGGTAAAGGAACCGTTGCAAGGATAGTTGCGGACCAATT 
AGGTTGGCACCTTCTTGACAGTGGGGCTATTTACCGCGTCTIAGCIGTTGCCATTCAACATCACCAAC 

TTTCATTAGATGATGAAGAGCCTCTTATCCCTATGGCTGCACATTIAGATGTTCAATTTGAAATTAAT 
AGTCAAGGTGAAGCTAAAGTTATTTTAGAAGGTGAAAATGTIACTGAAATTATTCGTACTGAAGAAGT 

TGGCGGATTAGCATCGAAAGTAGCAGCATTTCCACGTGTTAGAGAAGCGCTATTACGAAGACAACGTG 
CATTTAGCGTTAGCCCTGGCTTAATTGCAGATGGTCGCGACATGGGAACCGTTGTTTTTCCGAAAGCT 
CCAGTAAAAATATTTTTAACTGCTAGTGCTGAAGAACGAGCIGACCGAAGATTTAATCAGTTGAAAGA 
AAAAGGAATTGATGTTAACATCGGGCGCCTTTTGGATGACAIACGICAACGAGATGAGCGAGATCAAA 

ACCGCAAGGTAGCTCCTCTTATCCCGGCAGAAGGAGCGTTAACTAITGATTCTACTGATATTTCTATT 
ACAGAAGTCGTCAATAAAATCCTTATGTTTGCCAATGGCAAATTAACGTAGatattttagc 

SEQ ID NO: 24 

MEESTPVITIDGPSGAGKGTVARIVADQLGWHLLDSGAIYRVLAVAIQHHQLSLDDEEPLIPMAAHLD 
VQFEINSQGEAKVILEGENVTEIIRTEEVGGLASKVAAFPRVREALLRRQRAFSVSPGLIADGRDMGT 
VVFPKAPVKIFLTASABERADRRFNQLKEKGIDVNIGRLLDDIRQRDERDQNRKVAPLIPAEGALTID 
STDISITEVVNKILMFANGKLT 








































































































































