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Methylotrophs
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OUTLINE  OF  LECTURE

I.  What is methylotrophy?


A. definition     B. examples of C1 compounds

II.  Why are methylotrophs of general interest?  


A. carbon cycling in nature     B. biocatalysis     C. bioremediation

III.  Where are methylotrophs found in nature? 


A. What compounds do they require?     B. Where are those compounds found (and why)?

IV.  Overview of methylotrophic metabolism (Fig. 1)


A. “true” methylotrophy vs. autotrophic methylotrophy     B. importance of formaldehyde

V.  Which bacteria are methylotrophs? (Fig. 2)


A. autotrophs     B. true methylotrophs

VI.  Details of methylotrophic metabolism


A. Serine cycle (Fig. 3)     B. RuMP cycle (Fig. 4)     C. methanotrophs (Fig. 5)
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V.  AEROBIC  METHYLOTROPHIC  BACTERIA

A.  AUTOTROPHS (oxidize C1 compounds to CO2 for energy; use Calvin-Benson Cycle for assimilation) 

alpha- and beta-proteobacteria 

Paracoccus, Xanthobacter, Microcyclus, Thiobacillus
B.  TRUE  METHYLOTROPHS (assimilate carbon at the level of formaldehyde)

1. Methanotrophs (use methane; a few use methanol; none grow on multi-carbon compounds)

alpha-proteobacteria:  serine cycle, 60-65% G+C, Type II intracytoplasmic membranes, N2-fixers




Methylosinus, Methylocystis
gamma-proteobacteria:  RuMP cycle, 50-55% G+C (except Methylococcus, which is 63% G+C), Type I intracytoplasmic membranes




Methylococcus, Methylomonas, Methylobacter, Methylomicrobium, Methylocaldum

2. Non-methane utilizing methylotrophs (most use methanol; some also use methylated amines and/or methylated sulfur compounds; some denitrify)
alpha-proteobacteria:  serine cycle, 60-65% G+C

Methylobacterium, Hyphomicrobium

beta-proteobacteria:  RuMP cycle, 50-55% G+C

Methylobacillus, Methylophilus, Methylophaga (marine)

Gram-positives:  RuMP cycle, G+C varies

Bacillus, Amycolatopsis (Arthrobacter)
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VI.  A.  Methylotrophic metabolism in serine cycle methylotrophs  
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VI.  C.  Methane oxidation by methane monooxygenase (MMO)
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VI.  B.  Methylotrophic metabolism in ribulose monophosphate cycle methylotrophs  
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