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Chemical Composition of Living Cells Including Bacteria 

% % Macromolecules 
(polymers) 

Monomers Elemental 
composition 

70 Water H, O 

30 Dry 
weight 

55 Proteins Amino acids C, H, O, N, S, 
metals (Fe, Cu, 
etc.) 

23 Nucleic acids (RNA, 
DNA) 

Nucleotides C, H, O, N, P 

9 Lipids  Fatty acids C, H, O 

5 Polysaccharides Sugars C, H, O 



Outline 

I Where do the constituents of life come from? 
 
II Is life as we see it on Earth possible without the 
bacteria? 
 
III How can bacteria help us solve environmental 
problems: the case of the methanotrophic bacteria? 
 
 



Cosmogony and Cosmology 
A long history of theories on the origin of life often 
linked to the night sky. 
 
We are more familiar with ancient Greek theories but 
less familiar with ancient Chinese theories.  
 
Huainan Zi, 123 BC, is a synthetic treatise of taoist 
philosophy with an explicit description of a 
cosmogony in chapter 2. 
 
Roy, R. 1992. La cosmologie du Huainan Zi: Science ou 
philosophie. In Mythe et philosophie à l’aube de la Chine 
impériale. Études sur le Huainan Zi. Charles Le Blanc et Rémi 
Mathieu (Éd.). PUM & De Boccard. p 49-67. 



1953: Tao Te Ching, The Book of the Way 
and Its Virtue, London: John Murray, 1954 

(originally published in French) 

1889 born in Harlingen, Netherlands 
  
1910 after introduction to sinology by JJM de Groot, 
moved to Paris to further his studies in Chinese under 
Édouard Chavannes and Henri Cordier 
 
1912-1918: Works in the Dutch Embassy in Beijing 
 
1919: Position at Leyden University 
 

JJL Duyvendak (1889-1954) 



道大 
天大 
地大 
王亦大 
国中有四大 
而王居一焉 

The Way is great; 
Heaven is great; 
Earth is great; 
And the king is also great. 
 
In the country there are 
four greats,  
and the king occupies one 
place among them. 

Lao Zi. (300 BC) Tao Te Ching. Chapter 25.  
 
In Henricks, R.G. 1989. Lao-tzu: Te-Tao Ching. Modern Library New 
York, USA. 



人法地 
地 法天 
天法道 
道法自然 

Man models himself on the Earth; 
 
The Earth models itself on Heaven; 
 
Heaven models itself on the Way; 
 
And the Way models itself on that 

which is so on its own. 

Lao Zi. (300BC) Tao Te Ching. Chapter 25. 
 
In Henricks, R.G. 1989. Lao-tzu: Te-Tao Ching. Modern 
Library New York, USA. 



天法道 
Heaven models itself on the Way 

 
•  Focus our attention on a small region of the sky: 

Orion-Taurus constellations. 

•  What has history and science taught us about two 
objects: Orion nebula and Crab nebula? 

•  How these objects help us understand the deep 
connection between Heaven and Earth?  



Ωριωνα	

«γηθοσυνοσ δ ουρω πετασ ιστια διοσ Οδυσσευσ	

270  αυταρ ο πηδαλιω ιθυνετο τεχνηεντωσ 	

ηµενοσ, ουδε οι υπνοσ  επι βαλεφαροσιν επιπτεν	

∏ληιαδασ  τ εσορϖντι και οψε δηοντα Βοωτην	

Αρκτον θ , ην και Αµαξαν επικλησιν καλεουσιν,	

τ αυτου στρεφεται και τ Ωριωνα δοκενει,	

275 οιη δ αµµοροσ εστι λοετρων Ωκεανοιο.	

τεν γαρ δη µιν ανωγε Kαλυψω, δια θεαων	

ποντοπορευεµεναι επ αριστερα  χειροσ εχοντα.» 	


•  Homer. 8th Century BC. The Odyssey. Book 5 (269-277)  	




Orion Constellation 

« Gladly then did goodly Odysseus spread his sail to 
the breeze; [270] and he sat and guided his raft 
skilfully with the steering-oar, nor did sleep fall upon 
his eyelids, as he watched the Pleiads, and late-
setting Bootes, and the Bear, which men also call the 
Wain, which ever circles where it is and watches 
Orion, [275] and alone has no part in the baths of 
Ocean. For this star Calypso, the beautiful goddess, 
had bidden him to keep on the left hand as he sailed 
over the sea.»	


Homer. 8th century BCE. Odysseus. Book 5 (269-277)    



Night Sky over Victoria, 18 December 2013 SSE 



Θ1  

Θ2  

Orion Nebula (M42) 
Distance: 1,344 ly 
Age: 3 Ma  



Hubble Telescope (Proplyds)  



Pleiades (distance 410 ly; age 100 MA) 
 



Night Sky over Victoria, 18 December 2013 SSE 

ζ 



M1 (Crab Nebula) on 1.8 m Plaskett Telescope in Victoria 

Photo: David Balam, Herzberg Institute of Astrophysics, Victoria  

Photo taken on 1.8 m Plaskett Telescope, March 2010, using the new 
E2V CCD camera and is 22x12 arc minutes with north (up) and east 
(left). 



客星 
Guest Star  

Zhihe era [ 1054-1056 CE] of 
the reign [of the Emperor 
Song Renzong], first year, fifth 
lunar month, jichou day [July 
4th]. A guest star has 
appeared to the south-east of 
Tianguan [Zeta Tauri], 
perhaps several inches away. 
After a year or more, it 
gradually disappeared. 

Song Shi (宋史), Chap. 56, 
Astronomical Treaty.  



JLL Duyvendak Jan Oort 

(1889-1954) (1900-1992) 

Sinologist Astronomer 



What is the Origin of the Crab Nebula?  

Duyvendak wrote to Oort on 30 July 1940 
• Amice, I have succeeded in finding another place where your Nova is 
mentioned. There exists an extensive work, of which a facsimile edition 
was published only a few years ago (and which could not have been 
known to earlier researchers), treating the institutions of the Sung 
dynasty, which includes the year 1054. The name is Sung Hui Yao. In 
vol. 54 of this work.  

• Duyvendak published the translation of the text in his article of 1942: 
• Originally this star had become visible in  the 5th moon of the period Zhi-
he [June 9 to July 8, 1054] in the eastern heavens in Tianguan (ζ Tauri); 
it was visible by day like Venus; pointed rays shut out from it on all sides; 
the color was reddish white. Altogether it was visible for 23 days. 

• Duyvendak. 1942. PASP 54: 91-94 



ASTRONOMICAL SOCIETY OF THE PACIFIC 91 

FURTHER DATA BEARING ON THE IDENTIFICA
TION OF THE CRAB NEBULA WITH THE 

SUPERNOVA OF 1054 A.D. 

PART I. THE ANCIENT ORIENTAL CHRONICLES 

BY J. J. L. DUYVENDAK 

In his Catalogue des etoiles extraordinaires observees en 
Chine depuis les temps anciens jusqu'a l'an 1203 de notre ere 
( extrait du livre 294 de la grande collection de Ma Tuan-lin), 
E. Biot1 listed a "guest-star," or k' o-hsing, for July 4, 1054, 
which is of unusual interest. I propose here to collect some 
further inf orn1ation about this phenomenon. 

The original text (quoted by Biot from Ma Tuan-lin's Wen
hsien T' ung-k' ao) is found in the Sung-shih ("History of the 
Sung Dynasty") by T'o-t'o (1313 to 1355).2 It runs: 

In the 1st year of the period Chih-ho [1054], the Sth moon, the 
day chi-ch'ou [July 4] [a guest-star] appeared approximately sev
eral inches south-east of T'ien-kuan [~ Tauri]. After more than a 
year3 it gradually became invisible. 
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FURTHER DATA BEARING ON THE IDENTIFICA
TION OF THE CRAB NEBULA WITH THE 

SUPERNOVA OF 1054 A.D. 

PART II. THE ASTRONOMICAL ASPECTS 

Ev N. U. MAYALL AND J. H. OORT 

The early attempts to link the rapidly expanding Crab 
Nebula with the "guest-star" observed in the Far East in 1054 
A.D. were concerned, at first, with pointing out that both ob
jects were found in very nearly the same place in the sky,1 and 
that the present size and rate of expansion2 of the nebula indi
cate that it began to expand at approximately the same time the 
nova appeared.3 Later, when order-of-magnitude estimates for 
the apparent brightness of the 1054 nova4 and for the distance 
of the nebula5 became available, the evidence was discussed by 
a number of persons6 with the object of showing that the 1054 
guest-star probably was a supernova. 

The supernova character of the apparition could not, how
ever, conservatively be regarded as established, for the ancient 
records hitherto known did not provide sufficiently convincing 
data relating to the maximum brightness and duration of visi
bility to make the identification certain. But with the publica
tion of Professor Duyvendak's translations, in particular the 
new ones wherein the nova is reported to have been seen in day
light and followed for almost two years, it is now possible 



Date	
 Location	
 Source	
 Appearance	

April 11	
 Constantinople	
 Diary of Ibn Butlan	
 Star	

Apr 19	
 Flanders	
 Tractacus de ecclesia	
 Bright light	

Apr 24	
 Ireland	
 Irish Annals	
 Fiery pillar	

Late April	
 Rome	
 De obitu santi Leonis 

pp IX	

Bright light	


May 10	
 China	
 Sung-shih hsin-pien	
 Star	

May 14	
 Armenia	
 Etum Patmich	
 Star	

May 20	
 Italy	
 Rampona chronicles	
 Very bright star	

Late May	
 Japan	
 Mei Getsuki	
 New star	

June	
 Japan	
 Mei  Getsuki	
 Star	

Jul 4	
 China	
 Sung hui-yao	
 Star/comet	

Jul 27	
 China 	
 Sung hui-yao	
 Star	

1055 April	
 Constantinople	
 Diary of Ibn Butlan	
 Star	

1056 Apr 17	
 China 	
 Sung hui-yao	
 Star	


Chronology of Possible Supernova Sightings of SN1054 

Collins et al. 1999. A reinterpretation of historical references 
of the supernova of AD 1054. PASP. 111: 871-880. 



 
SN1054:  
4 observable 
components 
 
1. Pulsar 
2. Synchrotron  
3. Thermal filaments 
4. Freely expanding 
ejecta   
 
Hester. 2008. The Crab 
Nebula an astrophysical 
chimera. Annu. Rev. 
Astron. Astrophys. 46: 
127-155. 
 
Photo Hubble Space 
Telescope 



Image-tube Spectrogram of the Crab Nebula "
taken with the 4-m telescope at Kitt Peak "

showing wavelength identification features and emission knots for Hß (À4861). 

Fesen, Kirshner and Chevalier. 1978. PASP. 90: 32-35. 

Crab Nebula a source of elements in interstellar space.  



Moon & Jupiter conjonction (14 January 2014) 



Galilean Moons 



Picture of the Sun, Victoria, April 7, 2012, 16:00 
Reflector 130 mm (F=650 mm) 



Heaven  

•  Chemical elements are made in stars through various nuclear 
fusion reactions and spread in interstellar space after explosion 
of the stars as supernova like the Crab Nebula.  

•  Stars and planetary systems like our solar system are born in 
dark molecular clouds of space dust like the Orion Nebula.  

•  Heavens provide the basic chemical elements that constitute 
Earth and life. 

•  Today the sun provides the source of energy that power life on 
Earth. 



 
地 法天 

The Earth models itself on Heaven 
 

•  Forest and photosynthesis. 

•  What is the origin of photosynthesis? 

•  Was there life before photosynthesis? 





Photosynthesis: the Signature of the Earth 

•    

Ecosystem Primary Prod. 
(mg C.m-2.day-1) 

References  

Tropical rain forest 6,000 
Mangrove swamp 5,600 
Temperate rain 
forest 

Coastal Douglas-fir 
(VI, BC) 

2,000-2,500 Jassal et al. 2007 

Boreal forest Aspen, Black spruce, 
Jack pine  (PA, Sask) 

320-1,050 Gower et al. 1998 

Lake Oligotrophic-Distrophic 40-80 
Mesotrophic-Eutrophic 300-3,000 
Mahoney (BC) 115-476 Hall&Northcote 1990 

Sea West Mediterranean 60-500 
Coastal upwelling 1,000-4,000 

Microbial mats Shallow flat mat 5,069 
Deep flat mat 3,830 
Gelatinous mat 345 

















•  Nucleus	
 Nucleus 

http://www.yellowtang.org/ 

Mitochondrion 



550- 660 nm 
hv hv 

.... • v .•.• .. ·~·~·.•.•.•.•.•.• 

~R .C. Iii •• • ., ...... ". . 
1 -2 

e 

ADP 

.... ..... 

ATP 

> 660 nm 
hv 

NADPH 

NADP 



~ 

...J O: U ttraviolet regimes 

l 1 ot ;:::['=· =:;::==:;:A=··=·" :;:· ~==:::I ===::;8==::::1 ==c :::::] 
0 

"C 

! 
~ 1<>° 
0 

~ c: 1 o-1 
CD 

I a. 1 o~ 
'b 
a 110"' 
~ 

I 

I 

-----;:>-- Aedbeda 

Edacarian 
Metezoana 

55 1 a' ...._...____..---..-...___,,,J,,,,. ......................... _ __.__ ___ ......____......___.... 

~ 3.6 3.0 2.5 2.0 1.5 1 .0 0.5 O ~O 

cS Time (Gy before present) 



Short visible 
light 

ATP 

Red and Infrared 

ADP 



Purple Photosynthetic Bacteria  
in my Garden 

4 Aug. 2012 15 Aug. 2012 
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purple photosynthetic bacteria 



Purple Phototrophic Bacteria 
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Analysis of Genes 
Coding for 
Bacteriochlorophyll 
and Chlorophyll. 
 
 
Origin of chlorophyll 
a in plant’s 
chloroplasts: 
bacteriochlorophyll 
of bacteria.  



Amoeba Found 
in Methane 
Enrichment from 
Saanich Inlet 
Sediment 

Mitochondria 



Ribosomal  RNA 
and Ribosome: a 
Key to Understand 
the origin of life on 
Earth 

20 nm 



Universal Tree of Life: Based on Ribosomal RNA (16S rRNA) 

Brown, J.R. 2003. Ancient horizontal gene transfer. Nature Reviews 
Genetics 4: 121-132 
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Archaea Bacteria 



Number of Bacteria Described 
Bergey’s Manual 

Publication 1878 1925 1974 2001-2011 
Genera 44 98 245 1194 
Families 13 47 240 



Purple Phototrophic Bacteria 



10.0 µm 



16S Phylogenetic Tree 
from my Backyard 

Alpha-proteobacteria 
 Sphingomonas sp. 
 Azospirillum sp. 
 Rhodopseudomonas sp. 

 
Beta-proteobacteria 

 Dechlorosoma sp.  
 Rubrivivax gelatinosus 

 
Planctomycetes 

 Unknown 
  

 



pufM Phylogenetic Tree  
from my Backyard 

Rubrivivax gelatinosus  : Beta-proteobacteria 



Earth  

 
•  Bacteria are ancestors of chloroplasts (Cyanobacteria) of plants 

and mitochondria (Alpha-proteobacteria) of plants and animals 

•  A majority of life on earth depends on photosynthesis as the 
main source of organic carbon that fuel life in oceans and 
forests. 

•  Origin of photosynthesis is in the purple photosynthetic bacteria. 

•  Before photosynthesis: life depended on reduced H2S, CH4, 
NH4

+. 



 
人法地 

Man models himself on the Earth 
 

•  Waste and global warming are consequences of the growth of 
human population and industrialization on Earth. 

•  How can bacteria help us respond to environmental problem: 
The case of methanotrophic bacteria? 

 



Methane Emission in Landfill Site 

•  Three major anthopogenic sources of atmospheric 
methane: 

•  Landfill sites (~34%) 
•  Oil and gas industry (~25%) 
•  Cattle industry (~10%) 

•  Methane derived from activity of methanogens 
(Archaea)   

•  In natural systems, methane emitted is recycled by 
methanotrophs (Proteobacteria of the alpha or 
gamma classes) 



23/10/09 2:18 PMHArtland LAndfill Vancouver Island AND Shawnigan LAke - Google Maps

Page 1 sur 1http://maps.google.com/maps?client=safari&rls=fr-ca&q=Google%20map&oe=UTF-8&um=1&ie=UTF-8&sa=N&hl=fr&tab=wl
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  HArtland LAndfil… |  Google map

Votre recherche sur LAndfill Vancouver Island AND Shawnigan LAke près de HArtland ne correspond à
aucune adresse.

Suggestions :

Vérifiez l'orthographe des termes de recherche.

Essayez d'autres mots-clés.

Utilisez des mots-clés plus généraux.

Rechercher HArtland LAndfill Vancouver Island AND Shawnigan LAke sur le Web

Vous connaissez cette adresse et vous voulez la faire découvrir à tout le monde ? Ajoutez-le à Google Maps !







Methanotrophic Bacteria  
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PCR Results from Hartland Soil 

16S rRNA 

pmoA 

- + 



pmoA 1 Type II  

pmoA 2 Type II  

Methylocapsa  

pmoA 1 Type I  

Phylogenetic 
Analysis of 
Soil pmoA 

Clones 



BH  LLF  

ILF  HLF  

Diversity of pmoA Clones from Soil 
Vancouver Island, BC  

 

Methylocapsa
Methylocystis/Methylosinus
Methylocystis pmoA2
Methylobacter/Methylocaldum



Conclusion 

Understanding of the molecular basis of bacteria has provided 
us with tools to finally truly study the ecology of bacteria and 
understand that every life forms we can see around us carry 
the imprint of bacteria as mitochondria or as chloroplasts. 
 
Just like science teach us that the Orion Nebula and the Crab 
Nebula are a star nursery and a star cemetery in an immense 
clouds of space dust where matter is recycled, forests and 
oceans are vast nursery and cemetery of living organisms of 
unimaginable diversity in a sea of organic matter that is 
continuously produced and recycled through the action of 
bacteria. 
 
 
 
 
 


