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Aims

1. To describe the composit ion of the 
bacteria in cloud and rain samples in 
Scotland

2. To look for ice nucleating bacteria

3. To test for bacterial biosurfactant 
production

4. To see if the bacteria are metabolically 
act ive
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ATGAAAAGTGAAAAAGTTCTGGTTTTACGGACATGCGCTAATAATATGACCGACCATTGCGGTCTGGTATGGCCTATTTTAGGGCTTGTCGAATGCAAGTTTTGGGAGCCCACAA
TAAAACTCGAAAATGGGTTGACCGGCGCACTGTGGGGACAAGGCTCAAGTGCCCAGTTGAGCATGAATGCAGACGCAAAATGGGTTGTTTGTGAAGTGACAATGGGCGACCTGAT
TTTCTTGGAAAATAATGAGGGGGTCAAGTTTCCTCGTGCAGAAGTAGTTCATGTCGGAACACGAAGTAGCGCGCTAGGCTACATTTCTGACAATGTTTCCAAGCATGAAGCATGT
TCAAGTAATCTGATTGAGAAATTTACTTTTTCTGATGTTAAATCAGAGACGAGGAATATTTCTCCCGCGCTGCCGGTTACTGTTGACAACATGCCTAATGGCGTCAATCGCAGCA
CAACTGTACGCAATACGCAAACGCTGGAAACGGCCGTTTATGGCAGCACGCTCACTGGTGCTAATCAAAGCCAGCTCATTGCAGGCTACGGTAGCACCGAAACCGCTGGAGATAG
CAGCACTCTTATTGCGGGATACGGCAGTACCGGAACTTCGGGCTCTGATAGTTCGATCATTGCGGGTTACGGCAGCACAGGCACCGCCGGCTCCGATAGCTCACTCATTGCCGGA
TATGGCAGTACGCAGACTGCAGGCGGAGATAGCTCCCTAACTGCCGGTTACGGTAGTACCCAAACGGCTCAGGTGGGCAGTAATCTCACCGCTGGCTATGGCAGCACCGGCACTG
CGGGTCCTGACAGCTCACTTATCGCAGGTTATGGCAGCACGCAGACTGCTGGGGGCGAAAGCTCCCTGACCGCCGGTTACGGCAGTACCCAGACGGCTCAGGTGGGCAGTGATCT
AACCGCTGGCTATGGCAGCACCGGCACTGCAGGTTCCGATAGCTCGCTCATTGCCGGATATGGCAGTACGCAGACTGCAGGCGGAGATAGCTCCCTAACTGCCGGTTACGGTAGT
ACCCAAACGGCTCAGGTGGGCAGTAATCTCACCGCTGGCTATGGCAGCACCGGCACTGCGGGTCCTGACAGCTCACTTATCGCAGGTTATGGCAGCACGCAGACTGCTGGGGGCG
AAAGCTCCCTGACCGCCGGTTACGGCAGTACCCAGACGGCTCAGGTGGGCAGTGATCTAACCGCTGGCTATGGCAGCACCGGCACTGCAGGTTCCGATAGCTCGCTCATTGCCGG
ATATGGCAGCACGCAGACTGCTGGGGGCGAAAGCTCCCTGACCGCCGGTTACGGCAGTACCCAGACAGCTCAGGTGGGCAGTGATCTAACCGCTGGCTATGGCAGCACCGGCACT
GCAGGTTCCGATAGCTCGCTCATTGCCGGATATGGCAGCACGCAGACTGCAGGTGGAGATAGCTCTCTGACTGCCGGTTACGGTAGTACCCAAACGGCTCAGGTGGGCAGTGATC
TCACCGCTGGCTATGGCAGCACCGGCACTGCAGGTTCCGATAGCTCGCTCATTGCCGGATATGGCAGCACGCAGACTGCAGGCGGAGATAGCTCTCTGACTGCCGGTTACGGCAG
TACCCAAACGGCTCAGGTGGGCAGTGATCTCACCGCTGGCTATGGCAGCACCGGCACTGCAGGTTCCGATAGCTCGCTCATTGCCGGATATGGCAGTACGCAGACTGCAGGCGGA
GATAGCTCCCTAACTGCCGGTTACGGCAGTACTCAAACGGCTCAGATGGGCAGTAATCTCACCGCTGGCTATGGCAGCACCGGTACTGCAGGTTCCGACAGCTCGCTCATTGCCG
GATATGGCAGCACGCAGACGGCAGGCGGAGATAGCTCCCTGACCGCTGGTTACGGCAGTACTCAAACTGCCGGTCACGGAAGCATCCTGACTGCCGGATACGGCAGTACGCAGAC
GGCACAGGAAGGAAGTTCACTCACCGCAGGATATGGCAGCACGAGCACAGCCGGTCCTGAGAGTTCGCTGATCGCTGGCTACGGCAGCACCCAGACTGCAGGACACGAGAGTACA
CTCACTGCTGGCTACGGCAGCACCCAAACAGCTCAGGAGGATAGTTCACTTACTGCGGGATATGGCAGTACATCAACCGCAGGATTCAACAGCTCGTTAATCGCAGGCTACGGTA
GTACTCAAACCTCTGGGTATGAGAGCATCCTGACCGCCGGCTACGGCAGTACGCAAACGGCCCAGGATAATAGCTCTCTGACCACCGGCTACGGCAGTACATCGACTGCGGGTTA
TCAAAGCTCGTTAATTGCGGGTTACGGCAGCACCCAGACAGCAGGATATGAATCTACGCTAACTGCAGGTTACGGCAGTTGCCAGACGGCTCAAGAGCAAAGTTGGCTAACTACC
GGTTACGGGAGCACATCAACTGCTGGCTACGAAAGCAGGCTGATTGCTGGATATGGCAGTACTCAAACCGCAGGCTACAAAAGCATTCTAACCGCAGGCTACGGGAGCACTCAGA
CCGCCCAGGAAGAGAGTTCGCTTACGGCCGGTTATGGCAGCACTTCGACTGCGGGCTATGCAAGCTCCCTCATCGCTGGTTATGGAAGCACCCAGACCGCAGGTTACGACAGTAT
CCTGACCGCAGGTTATGGCAGCACGCTAACCGCTCTGGATAGCAGTACGCTAACCGCAGGCTACGGTAGTACGGAAACAGCAGGATTTGGCAGTTCGTTGATGGCCGGTTACGGC
AGTTCGCAGATCGCCGGTTATGGGAGCACGTTAACTGCGGGCTATGGTAGTACCCAGATGGCAGAGCGGGATAGCACTCTCACTGCTGGGTATGGCAGCACCGGCACTGCGGGGC
AGGACAGTTCCCTGATTGCCGGTTATGGCAGCAGCTTGACCAGCGGCATGCGCAGCTATTTGACAGCCGGTTACGGCAGCACTTTAATCAGCGGACTTCAGAGTGTATTAACGGC
GGGGTACGGTAGCAGCCTTACTTCAGGCATTCGCAGTAGCCTGACTGCGGGATACGGCAGCAACCAGATTGCGAGTCATAAGAGTTCTCTTATTGCGGGCCATGAAAGCACTCAG
ATTGCAGGGCACAAAAGTATGTTGATTGCCGGCAAGGGCAGTTCGCAAACAGCTGGTTCTCGCAGCACGCTGATAGCTGGCGCTAATAGCGTCCAGATGGCAGGGGATCGTAGCA
GGCTTACTGCCGGTGCAAACAGCATCCAAACAGCGGGAGACCGCAGCAAGCTCCTGGCAGGCAGCAACAGTTATCTGACTGCTGGCGACCGGAGCAAACTCACCGCCGGCGACGA
TTGTGTTCTGATGGCAGGGGATCGCAGCAAGCTGACGGCGGGTAAGAACTGCGTATTGACCGCCGGCGCTGACAGCAGACTCATAGGGAGCCTCGGCTCAACGCTCTCAGGTGGG
GAGAACTCTACCCTGATTTTCCGATGCTGGGACGGCAAGCGTTACACCAATGTCGTCGTCAAGACCGGTACGGACGAGGTAGAGGCAGACGTTCCGTATCAAATTGACGAAGACA
GTAATGTTCTAATTAAGGCAGAGGACAATAGCGATACTCCGGTGGACCAGTCTCAGATTCAGCCATGA 

Isolates: PCR of inaW



  

Isolates: Freezing temp

Posit ive 
Controls

Hebrides 
Isolates



  

Isolates: surfactant production

Aerosol

Cloud condensation 
nuclei

Cloud droplet

Aerosol act ivat ion requires crit ical 
atmospheric supersaturat ion. Surfactants 
lower this.

All 85 f luorescent pseudomonad isolates 
produced biosurfactants (75 other isolates 
didn’t )



  

Metabolic activity

Bowbeat windfarm. Cloud sampled for 3 h. 
100 ml cloud water collected direct ly into 
solut ion that preserves RNA and DNA.

 

All bacteria using 

bacteria 16S rRNA primers 

(copies of the gene ml-1) 

Pseudomonas spp. using 

Pseudo 16S rRNA primers 

(copies of the gene ml-1) 

inaW using 

several inaW primers 

(copies of the gene ml-1) 

DNA  RNA  DNA RNA DNA  RNA 

8300 3900 150 70 0 0  



  

Take- home messages

•  Rain much more diverse than clouds

•  No IN gene in 85 f luor. pseudomonad isolates

•  Clouds dominated by f luorescent pseudomonads

•  But all 85 signif icant biosurfactant producers

•  qPCR suggests low act ivity of cloud bacteria?

?


