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1. Biogeochemical ‘cycle for earbon

2. Methane and Methanogenesis
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II. Biomethanation

1. Biogeochemical Cycle for Carbon
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a3 7 sk el o) 38 ea(COz) 7t itk
o] 9ol AL (CO)7} I FL2 Ba s #d
Hol itk daeBN 4 wAY T4 AT
FhE d GLEZY ¥ ARATE £ 1% 2

o,

2. Methane and Methanogenesis
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¥ 1. Carbon resevoirs and residence times

Atomosphere:

CH4(1.6 ppm’) 36x10° 36 Photochemical oxidation in  atmos
phere

CO(0.1 ppm) 0.3X10% 0.1 Photochemical oxidation in atmes:
phere

04(320 ppm) 670X10" 4 Plant photosynthesis

Land:

Living oiganic | 500-800X10"® | 16(plants)  |Death grazing : predation

(mainly Plants)

Dead organic 00-1200X10 4 Microbial decompostion to COg

Oceans:

Living organic 6.9x10% 0.14 Death ; grazing : predation

Dead organic T60X10% 19 Microbial decomposition

Inorganic 40,000610%] 100,00 |Formation of cabonate rocks ; €Oy
exchange with the atmosphere

Sediments and rocks|  72,500,000X10%}  300X1° | Weathering  fossil fuel buming

*Parts per million zg gas / cm® of air).

2] 3L methylamines % 712 2 ©]4€ ¢ It} &
A v B o) Hlete g AgEE 7| 2E F 29
el o

H 2. Substrates converted to methane by various metha-
nogenic bacteria

3. Methane—producing Bacteria: Methanogenes
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a. COz—type 7 14

COy+4H,—CH,+2H;0 AG®=—32Kcal

4HCOOH—CH,+3C0,+2H;0 AG®=—67Kcal

4C0+2H,0—CH;+3C0, AG®=—50Kcal

b. Methyl—Containing”] 2

4CH;0H—3CH,+COz+2H;0 AG®=—77Kcal
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and cross-wall formation.

Alexander Zehnd

Alexander Zehnder

Scanning electron micrographs of whole cells of methanogenic bacteria, showing the considerable
morphological diversity. (a) Metbanobrevibacter ruminantium. (b) Metbanobacterium strain AZ.
{c) Metbanospirillum bungatii. (d) Metbanosarcina barkeri.

J.G. Zekus and V.G. Bowen

)

32! 2 Transmission electron micrographs of methanogenic bacteria. (a) Metbanobrevibacter
ruminantium. (b) Metbanosarcina barkeri, showing the thick cell wall and the manner of cell segmentation
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H 3. Characteristics of methanogenic bacteria

GOPI

Mebanobacterium -~ - - |Long rods +or 30 B HC0 formate 30
Metbarobevibacer ~~{Shot ods tol3 B0, fomae | 7
GROUP 1
Mebanobermus Rods + 2o HskC0s R
GROUP [t
Mebariocoecus Iegulat cocci = 6 | Ho €08, formate 3510
GROUP ¥
Mebanomicrobium .+ -{Short rods - & [ Byt €03 formate 4549
Metbanogeniim Iregular opect = opeed b 0s, formate 5161
Metbanospirillum | Spinila = 1= H4 €03, fotmate 65
GROUP ¥ o
Metbanosarcina Large imegular + 3 Lk €03 omats, 483
ocei inpackets methanol. .- methylamines
acetate ’
Metbanococedides - | Imegular cocct - 1 methanol: méthylamines -+ 42
Metbanotbrix Long rods to = 2 o[ Avetate 52
filaments
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3.2, HEMIAMTO| coenzymes
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3% 3 Coenzymes unique to methanogenic bacteria.

The atoms shaded in color are the sites of oxidation-
reduction rections(Fsz) or the paosition to which the
C-1 moiety is attached during the reduction of

CO;, to CHy(methanofuran, methanopterin,

and coenzyme M),

?H
coo

—0-

sPEd TAehy

2AgslAE 22, drladndy, 28
AETFAY, SAshE g ye) Adez A3
FHo) MR whet SATAET (1) S A2 2

FIAFY.

T
%
#

.

et o
o
to oxl

I oX 4% o L nf R

n
oE

L @, o o
X e fou ot

Ay
&
Me o®
o
P
ox
fra2

oMo o
[

i ¢ ok
v
i

4
=

* FFAA7 BRI

$95 - Bh - FAASAYYE

o
S
1
i
;

J
>
i
i3

Y SHAEUY
HolE SHAEYY

U IeRES
HHalrlig
H7ig@x271e(012)
H7|8M27 1 &(EHE)
BZI AL ZH) sjuE

* HPISX2)7 A A E 2HIE

< #AAGH)
@x6u s, 730%,

A7k 15,000 )

3 ) ¥

d A

15,0008 | & A3

12,000¢

10,0009
8,000
4,0009
5,0009

50009 | #3¢

12,0009
12,0009
12,0009
14,0009

ofe

u

* PYUN I MTZEHER2| I8 E| o 837—1%64~5
EAUD|ATA B 859—6333~5

EEY B718—99%6~7

on.
fme)
RC)
o

rlot

. 1992. 9




