Bacterial growth efficiency.... controls and
implications

* Bacterial Growth Efficiency
* Regulation of BGE on cell level
* Regulation of BGE on community level

- bacterial carbon demand

Bacterial community response to varying DOM
quality..who's using what?

The MiCl‘Obial LOOP (Pomeroy 1974: Azam et al. 1983)

- salvage pathway in which bacterioplankton repackage
and reincorporate DOC back into the aquatic food web

Classical Food Chain with the Microbial Loop
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Microbes ..open systems

— > Bacterioplankton

Link: At high bacterial growth efficiencies a significant amount of carbon can
be passed on to higher trophic level

20%

80%
Sink: At low bacterial growth efficiencies a significant amount of carbon is
respired and little is available to higher trophic levels

80%

20% Ducklow et al 1986




Nutritional requirements for anabolism:

1. Energy Source 2. Carbon source

CO, - autotroph

Organic C - heterotroph

Brock Biology of microorganisms

Laws of Thermodynamics

1. Energy can neither be created nor destroyed in the universe.

Photosynthesis Respiration
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~ ~ Heterotrophic
cyanobacteria bacteria

Energy conservation ---formation of ATP




Energy Conservation : All organisms on this planet generate
their ATP using one of three processes.

Substrate level Phosphorylation or Fermentation-

* Anaerobic
* e acceptor is an organic molecule
e compound it not completely oxidized

Oxidative Phosphorylation -
eoxidation with external e acceptor
* substrate is completely oxidized to CO2
¢ uses Electron transport system and proton motive force

Photophosphorylation -
¢ light energy generates proton gradient and proton motive force

Proton motive force: e carriers are oriented in
membrane that separate protons from electrons

Outside
positive &
acidic

Inside
negative &
alkaline

Pg 135-137 in book




2. In all processes or reactions, some of the energy involved
irreversibly loses its ability to do work.

Growth efficiency (yield) - is the quantity of
biomass synthesized per unit of substrate
assimilated

Bacterial Growth Efficiency = BP / (BP+BR)

-BP easy measure to make (accuracy ??7?)

--BR more important but hard measure to make

Theoretical maximal Growth Efficiency

Maximal BGE = 88% which corresponds to 1
mmol ATP used = 32 mg of dry biomass produced

Partitioning of ATP use In the Real world

22% transport of ions * Growth efficiency extremely
and monomers variable

« always substantially lower

78% Protein
Synthesis

RNA turnover




Anabolism and catabolism are decoupled (del Giorgio and Cole)

Cells will expend energy in ways that are independent from biomass
production:

+ Overflow metabolism

excess energy is released as DOM or
large capsule

* Maintenance - allocation of energy to
non growth reactions

- fixes things that are broken

- maintains cellular & functional
integrity

Heissenberger 1996

Bacterial Growth Efficiency (BGE) - is an integration of all the anabolic and
catabolic processes needed to meet the cells energy budget

Partitioning of E for
biosynthesis is
variable

E demand for
maintenance remains
constant

ICAT: ANAB l BGE

—— catabolism BGE = BP/(BP+BR)

——— anabolism




How do we measure BGE in the field?

Several different approaches ....but all have their own
set of pros and cons

Methods of Estimating BGE:

I. Early studies used *C radioactive tracers

14C0§;“j§7

14C - biomai’g?

BGE = A*C biomass

Led to BGE estimate of
AC biomass + ACO, P '




Methods of Estimating BGE:

II. Measure respiratory gasses produced over time and relate to

estimate of BP
1. Measure short BP via radioisotope incorporation

m 2. Seal replicate filtrates in gas tight bottles
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3. sacrifice bottles over time and measure change in gas (O, or CO,) to
estimate respiration

BGE = BP/ (BP+BR)

AL III. Seawater Culture Bag Experiments

Tri-laminate
opaque, gas tight
incubation bag

o l é 30 - 40 liter bag

'y

Gravity filter Samples collected
through 142 mm e Bacterial abundance
0.8 pm filter e DIC or O2
BGE = ABB
ABB + ADIC

PC carboy




Methods of Estimating BGE:

III. Measure change in DOC and bacterial biomass over time.

Santa Barbara Channel Exp

-

Cells E9 L-!
DOC (UM C)

BGE = BP / (BP+BR) or ~ BGE=ABB
ADOC

Model constructed from 237
paired observations of BR
and BP

BGE = (0.037 + 0.65 BP) /
(1.8 + BP)

Del Giorgio and Cole, 1998




I. Regulation of BGE.. complicated
A. Temperature

North Sea Temporal Variability in BGE

Ross Sea (change in temp < 4°C)

Late bloom
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I. Regulation of BGE
B. Substrate Stoichiometry

Bact C:N = 4-6
C:N Oceanic DOM 9-18

Hypothesis: The more C
rich the substrate the more
C is respired to bring it

D. Supply vs nature of organic matter

E. Energetic Cost of:

eUptake and Transport- at low concentration of substrate may
scavenge other substrates

*Enzymatic breakdown: Most
DOC is polymeric and needs to be
broken down
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II. Regulation of BGE on the Community Level:

Factors that affect community BGE are:
Predation:Selective removal of rapidly growing bacteria may
impact mean BGE of assemblage.

e viral infection- lytic loop may display low BGE

decrease BGE of non infected cells

Fuhrman 2000
Fuhrman 1999

* Phylogenetic composition: little known at this time

Reinthaler and colleagues found:

* BP decreased with bacterioplankton
richness

* BR was variable along richness
gradients

* This resulted in an inverse
relationship between BGE and
richness

Reinthaler et al. 2005

12



Interactions with other Metabolic Pathways:

Marine Flavobacteria
Proteorhodopsin - impact growth efficiency?? _—
4 n Ig

In dark
/

Pelagibacter ubique
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Allocation of carbon
and energy in marine
bacteria depends on
many factors

.difficult if not
impossible to place
variation of BGE on a

[1JI1E 6 ap

Relationship between BGE and trophic
status
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* BGE in marine systems < 0.4
* BGE increases with increasing BP

* decrease in BGE from coast to
open ocean and is likely related
to overall system productivity

Del Giorgio 2000

Bacterial Carbon Demand - The amount of
carbon processed by bacteria to produce
given biomass. .... Gross bacterial production

BCD = BP/BGE

DOC Co,

Amount of carbon that has fluxed through bacterioplankton

When you calculate BCD you are accounting for the amount of DOC that
turns into biomass and the amount of CO, produced ....this equals the total
amount of DOC consumed
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Integrated primary production and net bacterial
production

Integrated primary production and bacterial C
demand at BATS
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IT. Regulation of BGE on the Community Level:
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Microbial Communities

Courtesy of Steve Giovannoni

Terminal Restriction Fragment Length
Polymorphism (T-RFLP)

16S rDNA amplicons Community fingerprint
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Example of Community structure shift s

in seawater culture amended with ,'

Gluc, NH4, PO4 /

/ V. splendidus
79 v

« A. macleodii

Using MICRO-FISH to investigate who's using what
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A. chitin

C. protein

B. N-acetyl
glucosamine.

D. Amino Acids

Data points failing above the
1:1 line indicate phylogenetic
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