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Molecular composition of cells

Table 1. Overall macromolecular composition of an average E. coli B/r cell®

Weight
Percentage  per cell MNumber of Different
of total dry  [10"® % weight, Molecular  molecules kinds of
Macromaolecule weight grams) weight per cell molecules
Protein 550 1535.0 4.0 x 10° 2,360,000 1,050
RNA 20.5 59.0 ,
235 rRNA 31.0 1.0 x 10° 18,700 1
165 rRNA 16.0 50 % 10° 18,700 1
55 rRNA 1.0 3.9 x 10° 18,700 1
transfer 8.6 2.5 x 10° 205,000 60
messenger 2.4 1.0 x 108 1,380 400
DNA 3.1 9.0 - 25 %108 2.13 1
Lipid a1 26.0 705 22,000,000 4*
Lipopolysaccharide 3.4 10.0 4346 1,200,000 I
Murein 2.5 7.0 (904}, ] 1
- Glycogen 2.5 7.0 1.0 x 10° 4,360 1
Total macromolecules 96.1 273.0
Soluble pool 2.9 8.0
building blocks 7.0
metabolites, vitamins 1.0
Inorganic ions 1.0 3.0
Total dry weight 100.0 284.0
Total dry weight/cell 2.8 x 107 g
Water (at 70% of cell] 6.7 x 107 "¢
Total weight of one cell 9.5 x 107 g

“In balanced growth at 37°C in glucose minimal medium, mass doubling time, g, of 40 minutes. The data are

assembled from Dennis and Bremer (1974}, Maalee (1979), E C. Neidhardt funpublished), Roberts et al, (1955),
d Umbarger (1977).

t‘Ij'ht:nf: are four classes of phospholipids, each of which exists in many varieties as a result of variable fatty acyl

residues.



Intermolecular variations in 3C composition
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Noise limits
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GC-IRMS for C, N and H

Gas chromatographic separation
Conversion of compounds
Water removal

Coupling to IRMS



GC/MS-IRMS
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The Gas Chromatograph System

Injector Detector

carrier fuel
gas gases

Capillary
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Column- the heart of separation

Sdulentypen

« Gepackte Saule (innerer Durchmesser 1-4 mm, Lange 1-3 m)

» Kaplliarsdule {porous-lfaver open tubular, PLOT, support-coated apen tubulfar, 5COT;
wal-coated open tubuiar, WCOT; innerer Durchmesser 0.15-0.53mm, Linge 10-
100 m)

Sahubzachicht
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Wil mus Medall ooar Ghas

Gepackie Saulen Kapillarsdule

Vergleich zwischen Kapillarsdule und gepackier Saule:

Gepacxte Saule Kapillarsaule
Lénge (m) 1 =5 10 =100
Innendurchmesser (mm) 1-4 0.1-05
Thecretische Bodenzahl per Meter 500 = 1000 2000 - 4000

Frobemengen ng —mg < 10 ng



Saulentypen

3 typische Kapilarsdulen:
PLOT SCOoT WCOT
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Stationare Phasen

Polaritat
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Capillary Column

Chromatography
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Separation power depends on:

chemistry of compounds
chemistry of bonded phase
temperature and flow programs




Chromatographic separation

Multiple distribution of compounds 1n non mixing phases



Peak resolution

Gas Chromatogram
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Resolution

Column Flow

Linear flow rate




Temperature
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Gas flow in a capillary tube:

Poiseulle Equation

flow rate (mL/min) = k r*AP
m

K = constant

r = capillary radius (cm)

AP = pressure gradient (dynes/cm)

| = capillary length (cm)

n = viscosity (dyne-sec/cm?)--increases with
temperature



Gas flow in a capillary tube:

Poiseulle Equation

flow rate (mL/min) = k r*AP
m

k = constant

r = capillary radius (cm)

AP = pressure gradient (dynes/cm)

| = capillary length (cm)

m = viscosity (dyne-sec/cm?)--increases with
temperature = flow rate drops
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Separation optimization

Speed

Sample Size Resolution



Saulenuberladung
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Conversion

H,C O

Xy ~z

AT, O,

y CO, + x/2 H,0
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Water removal

Flussrichtung des Messgases
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Open Splits
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Compound-Specific 13C Analyses

*Good chromatographic separation
*internal and external standards

*N can interfere with C analysis
(N20O, NO2 have m/e 44, 46)

*Correction for derivatization of functional groups
(methyl esters, TMS ethers, etc.)
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A “typical” chromatogram
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A real chromatogram

G

T T T T
=0 S0 <k T2



|
a_
fl ,th_L“.
=
= .
E |h"
3 s
£ 2" }mb
: P
@
: !
| mb '.ll
i .. !. i
AU
R _d“um,.
00 200 a00 4000 5000
Time (8} T )

“Dynamic Background”



ion source
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Nitrogen 1sotopes 1n GC-IRMS

Oxidation at 1000° C:
e CuO oxidizes Pt and Ni
* PtO and Ni1O produce O, ¢, .ombustion

. CNH, + 0, ---> CO, + NO, + H,0

Reduction at 650° C:
* NO, +Cu ---> N, + CuO



Nitrogen GC-IRMS

iili ector SS gﬁﬂt
O, He H, N
L MS
1020 C 650 C nafion “

alumina tube alumina tube

I
(J(" oven N1, Pt, Cu wire Cu wire t J



()

_|
@) I\
backtlush

_|
@) I\

Iﬂgﬁﬂﬂfﬂtﬁ reactors

0, He H,

O, He H,

1\

Nl

MS

UJ

MS

MS




Hydrogen GC-IRMS

 Reductive furnace

» Electrostatic lens for m/z 3 cup in MS
(removes tail from “He)

* H;* factor



Conversion

H,C N O

Xyt Yz w

AT

x/2 H, +w CO + (y-w) C+z/2 N,



Hydrogen GC-IRMS
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Operation Modes
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H,* factor

* Inion source Hj* is formed from H.;:
H2+ + H2 --> H3+ + H

* Hj* is isobaric with HD:
m/z 3 = H;* + HD

* Abundance of H," proportional to [H,]
Reaction is second order with [H,]:
[H3*]=k [H,]?



Determination of H,;* factor

* Run a series of reference gas pulses,
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Determination of H,;* factor

y = 7.4402E-06x + 0.25037

2000 4000 6000
m/z 2 peak height

Determine H;* factor from relationship of peak height vs. R (m/z 3/2

ratio)
Slope

= H,* factor

Intercept = 3/2 ratio of gas

Relatively large correction (10’s per-mil)

dD vs. reference gas
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Isotope ratio analysis

» GC-Combustion for volatile compounds
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GC

However, not for compounds with
High molecular weigth
High polarity
Thermal instability
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Isotope ratio analysis
Classic System (LC+irMS)
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Polar solvent
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ﬁ two head purrllps

oxidation reagent acid/catalyst
(NH,),S,0, H,PO,/AgNO,
syringe separation unit
~fill port
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valve L o He
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O, background to measured 6'3C
values of reference gas pulse
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oxidation reagent
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Traps

« Water trap « Oxygen trap
— Long capillare — 580° C
— Dry ice — 2 ceramic tubes filled
with Cu wire
— 8 port valve
from gas-dryer to oxygen trap — He:H, (98:2)
He+CO,+0, 2Cu+0,=2Cu0 ~ He+CO,

N He+H, CuO+H,=H,0+Cu  He+H,0



Oxygen background [mV]
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peak area (Vs)

Linearity and reproducibility of the
system
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peak area(Vs)

Linearity and reproducibility of the
system
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Linearity and reproducibility of the
system
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Linearity and reproducibility of the
system

A 13C(measured-real) values of
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online values [%o]v-rpB

Accuracy of the system
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Isolatlon of plant metabolltes
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Natural Labeling Experiment
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PLFA - Phospholipid fatty acids
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Compound specific *C ages
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Natural Double Labeling
Experiment
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soil carbon [%]

Carbon sources of
microorganisms
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Tracing carbon into the
microbial community

13C Incorporation ['1*C pp/g]
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Consequences of living soll

« C = C,ek physical/chemical decay
s S+E—~ES—-E+P biological decomposition

¢ V=V, 8]/ Ky + [S]

Don et al, 2015
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Carbon distribution
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relative respiration rate
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Hydrogen Isotope European Tour 2002
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Terrestrial climate archives
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Deuterium in Precipitation

Niederschlag (Jahresmittel)
oD vs. VSMOW [%s]

P Max: 32.6

. Min: -271.7 P aed leplep 7

modifiziert nach:
# Européischer Seentransekt www.waterisotopes.arg

# Nam Co (Tibet, China) Bowen st al, (2003}



8D vs. VSMOW

Compound-specific hydrogen isotope ratios - a new proxy to reconstruct the palaeoclimate

OD values of n-alkanes in modern lake sediments
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Deuterium in Precipitation

Niederschlag (Jahresmittel)
oD vs. VSMOW [%s]

P Max: 32.6

. Min: -271.7 P aed leplep 7

modifiziert nach:
# Européischer Seentransekt www.waterisotopes.arg

# Nam Co (Tibet, China) Bowen st al, (2003}
% Cameroon



Extended Calibration
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Greenhouse gases

Gas

Temp. effect [°C]

Water vapour H,0O
Carbon dioxide CO,
Ozone O,

Methane CH4
Nitrous oxide N,O

12,8
4.4
1,5
0,5
0,8




Terrestrial Carbon Cycle

Photosynthesis
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Gleixner et al., 2001



Soil organic matter

What we know

The role of plant components
Function of soil organisms
Conclusions



Soil carbon and roots

Depth [cm]

Data from Joggaby and Jackson, 2001
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Physical Stabilization
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Chemical Stabilization

Biomacromolecules Occurrence

., Preservation potential*

Cellulose Vascular plants, some —/+
fungi

Chitin Arthropods, copepods, +
crustacea, fungi, algae

Lignins Vascular plants +++ +

Tannins Vascular plants, algae +++/++++

Hydrocarbons Vascular plants, algae ++ + +

Proteins All organisms —/+

Phospholipids Plants, algae, bacteria -/ +

Gleixner et al., 2001



14C Age of Soil Organic Matter

soil 14C age in years (y)
top soils deeper horizonts
peaty gley British Uplands modern 10190
podzol British Uplands modern 3770
acid brown earth British Uplands modern 4630
forest Brazil modern 9340
forest California 386 2193
forest Midwestern US 422 1712
prairie [owa 1072 6272
grasland Midwestern US 1100 6100
desert California 19897 21135

Huang et al. 1996, Wang et al. 1996, Pessenda et al. 1996, Paul et al. 2001
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Soil carbon models
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Stability of soil organic matter

SOM content is related to input and output

Stability of SOM is related to chemical and
physical properties

High 4C ages of SOM support the
iImportance of stabilization mechanisms

Carbon models suggest three pools with
annual, decadal and millennium turnover
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Microbial Carbon Sources
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C3 C4 Vegetation Change
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Relativ area [Vs]

MRT of PLFA
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Conventional carbon age [years]
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Conclusion

Microbes don’t read books



Soil characteristics of two agricultural sites

Halle Rotthalmiinster
Soil type Haplic Phacozem Haplic Luvisol
Bulk-SOM
C-content [%] 1.3 1.4
N-content [%] 0.15 0.075
pMC 54 107
pMC of SOM-Fractions
humin / humic acid 30/47 106 /102
total lipids 46 103
phospholipids 58 107
Density fractions yield OC [%] pMC yield OC [%] pMC
fPOM ~8 ~47 ~3 ~104
oPOM_, ~3 ~8 ~0.5 ~ 98
oPOM, (,, ~16 ~25 ~10 ~104
mineral ~ 62 ~59 ~ 87 ~ 104

John.et al. (2005); Kramer (2004); Rethemeyer et al.; (2005)



soil depth [cm]
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Carbon sources of
microorganisms
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Conclusion

« 14C age of carbon is not equivalent to molecular
stability, i.e. molecules are newly synthesised
using '*C old carbon

* Soil microbes use all available carbon sources,
however, some preferences are visible

« Some carbon source are still unknown, probably
CO2 or CH4
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Clgm’

Szenarien: Brache (Null-Produktion; - -) und modifizierte Bodendynamik (—)
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Szenarien: Brache (Null-Produktion; - -) und modifizierte Bodendynamik (—)
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Szenarien: Brache (Null-Produktion; - -) und modifizierte Bodendynamik (—)
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Palaoclimatology

Why Deuterium ?

Why terrestrial archives ?
Establishing a new climatic proxy
Case study “third pole”



Deuterium in Precipitation

Niederschlag (Jahresmittel)
oD vs. VSMOW [%s]

P Max: 32.6

. Min: -271.7 P aed leplep 7

modifiziert nach:
# Européischer Seentransekt www.waterisotopes.arg

# Nam Co (Tibet, China) Bowen st al, (2003}
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Low Latitude Ice cores

Location of the most important stable isotope records from tropical ice cores:
@ Chimborazo (Francou, 2000, pers. comm.) @ Huascaran (Thompson et al., 1995)

® Quelccaya (Thompson et al., 1984) @ lllimani (Hoffmann et al., 2002)
® Sajama (Thompson et al., 1998) ® Kilimanjaro (Thompson et al., 2002)
@ Dasuopu (Thompson et al., 2000b) ® Guliya (Thompson et al., 1997)

® Dunde (Thompson et al., 1989).

(from: M. Vuille, pers. comm.)



Why trerrestrial archives ?



Deuterium content of
Biomarkers



—
Compound-specific hydrogen isotope ratios - a new proxy to reconstruct the palaeoclimate i vripee

4

N2 N NN N NN

C. H. (Heptadecane) odd carbon numbered C__ - C_: aquatic
o origin (algae, water plants)

P N G P P P NG

C,H,, (n-Tricosane)

i N e 2 P 2 S P\ N N

C. H_ (n-Nonacosane) odd carbon numbered C, - C_: terrestrial
= origin (higher plant leaves)

Advantages of n-alkanes:

- no exchangeable hydrogen (all H is carbon bound)

- different biological sources

- resistant, therefore abundant in sediments from the geological past

- relatively easy to extract and purify



Nam Co, Tibetean Plateau



Monsoon dynamics




e

Overview of the study area, Lake Nam Co, Central Tibet. The esllipses mark the sediment sampling locations. (map source:
Google Earth, http://earth.google.com)

Lake Nam Co, the second largest (1961 kmz} saline lake of the Tibetan Plateau is located in its central part (Fig. 2). The climate
in this region is continental with low mean annual temperatures around -1° to + 3° and low precipitation amounts of 300-500
mm occurring mainly in the summer months during the monsoonal rains. Due to strong radiation annual evaporation (2465
mm) exceeds the annual precipitation.
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Lake Holzmaar (humid) and Lake Nam Co (arid) sediments



Compound specific D content
of biomarkers reconstructs
paleohydrology
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