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  H2 Biogeochemical Cycle: Highlighted in red box, soil H2 uptake is the dominant sink of the H2 cycle. It was formerly thought that free soil 
hydrogenases were the primary drivers for H2 uptake. However, the discovery of a novel group 5 [NiFe]-hydrogenase (active at ambient 

H2concentrations) that was found in common soil microbes, has spurred new research into the fundamental biology of the H2 soil sink [1].
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Increase understanding of the role that soil microorganisms play in the 
global H2 biogeochemical cycle.

Explore the connection between H2 uptake behavior and life cycle 
changes in H2-oxidizing soil microorganisms. 

In this study, we contribute to the fundamental biological understand-
ing of the H2 soil sink by exploring the connection between organismal 
life cycle, microbial H2 uptake, and environmental conditions.

6. Tested another organism containing a group 5 [NiFe]-hydrogenase 
to characterize its H2-uptake behavior alongside its life cycle

5. Given the correlation between H2-uptake and life cycle changes con-
cerning aerial hyphae production, tested H2-uptake after colonies’ aerial 
hyphae structure has been destroyed by sterile glass beads

Conclusions

Atmospheric H2 is a trace, secondary greenhouse gas (GHG) that attenuates the 
removal of a primary GHG methane (CH4). The least understood term in the 
H2 budget is the microbe-mediated soil uptake, which accounts for ~80% 
of the total sink. Uncertainty in soil H2 uptake limits modeling projections of 
the consequences of changes in H2 emissions or shifting soil conditions.

H2-oxidizing soil microorganisms, functional at low-atmospheric levels of H2 
(~530 ppb), have only recently been identi!ed and characterized [1,2]. Excep-
tional hydrogenase properties (low-threshold, high-a!nity) are required to utilize 
tropospheric levels of H2 [3,4]. Such a hydrogenase was identi"ed when a novel 
group 5 [NiFe]-hydrogenase was found in an ubiquitous genus of soil microorgan-
ism: Streptomyces.

Streptomyces utilize atmospheric H2 during distinct life cycle stages: formation of 
aerial hyphae and sporulation.

The H2 uptake persisted for ~ 1 month during the “dormant” spore state but dimin-
ished over time. This indicates that spores alone are not fully responsible for H2 uptake, 
despite being the dominant form of streptomyces found in soil.

Note that nutrient limitation typically induces life-cycle changes and secondary-
metabolite production in Streptomyces [5].
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1. The group 5 [NiFe]-hydrogenase predicted atmospheric H2 
uptake functionality for Harvard Forest Isolate (HFIs) strains and refer-
ence strains, except for Streptomyces griseo!avus Tu4000.

2. Streptomyces utilize atmospheric H2 during distinct life cycle 
stages. H2-oxidation was not detected during substrate mycelium for-
mation when the bulk of biomass is produced; instead, it coincided 
with sporulation and aerial hyphae formation--a common juncture for 
secondary metabolism activation.

3. Streptomyces griseo!avus Tu4000 does not produce aerial 
hyphae and was not observed to utilize atmospheric H2, despite pos-
sessing the pertinent hydrogenase. This emphasizes that atmospheric 
H2 is not utilized until aerial hyphae and spore formation.

4. H2 uptake in HFIs was drastically reduced with destruction of 
the colonies’ aerial hyphae structure. This further suggests that the 
aerial hyphae structure and process formation is necessary for H2 
uptake consumption and colony metabolism as a whole.

5. H2 utilization in Rhodococcus equi, a non-sporulating soil or-
ganism, depended on the growth phase; uptake began in late ex-
ponential and stationary phase when nutrients may have been limit-
ing factors.

6. Nutrient limitation seems to induce life cycle changes in both 
streptomycetes and R. equi. This connection may be telling of 
changes in soil conditions and the related soil H2 sink.

7. Correlation of H2 uptake with life phase has implication for en-
viornmental soil H2 uptake because environmental conditions, such 
as soil moisture, nutrient availability, and temperature, in#uence the 
life stage distribution of microbes in the soil

Free Spore

Vegetative Cell

Substrate Mycelia

Aerial Hyphae 
+

Substrate Mycelia

Sporulation 
of 

Aerial Hyphae

Mature Colony

Aerial hyphae wall 
ruptures and spores 

are released

Streptomyces Life Cycle: Streptomyces have a complex life cycle similar to some fungi. In favorable environmental conditions, 
semi-dormant spores germinate into a vegetative cell state beginning with the formation of substrate mycelia (A-B) to access 

vital nutrients. As nutrients are depleted, substrate mycelia biomass is reused to produce aerial hyphae that eventually sporulate 
(C-D), releasing dormant spores (E-F-G-H-I). The production of aerial hyphae is accompanied by the production of secondary me-
WDEROLWHV©OLNH©SLJPHQWV�©DQWLELRWLFV�©DQG©92&V�©6LJQL½DQW©+

2
 uptake was observed during the aerial hyphae and spore production 

stages of the life cycle. 
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4. Chracterized the H2-uptake behavior alongside life cycle of the 
HFIs and Streptomyces griseo!avus Tu4000

HFI 7

HFI 8 HFI 9

HFI 6

S. grMWIS¾EZYW

Serial Dilutions

Select for Spores

Streptomyces?
Grow Cultures

    1      2      3     4     5    6     7     8     9    (+)   (+)  (-)

HFIs PCR Product

Presence of the group 5 [NiFe]-hydrogenase predicted atmospheric H2 uptake 
behavior for Harvard Forest Isolates (HFIs) and reference strains, except for Strep-
tomyces griseo!avus Tu4000 (a bald mutant distinguished by its lack of aerial hyphae). 

1. Obtained Harvard Forest Isolates (HFI) Streptomyces containing the 
group 5 [NiFe]-hydrogenase 

 Isolation and Selection of H2-oxidizing Streptomyces: Harvard Forest Isolates (HFI) Streptomyces were obtained by selecting against non-sporulating 
organisms (via desiccation and CaCO3 treatment). The four HFI strains were found to posses the putative group 5 [NiFe]-hydrogenase (via gel electropho-

resis of a hydrogenase gene PCR reaction product [3]), produce aerial hyphae, and readily utilize H2 at low, atmospheric levels (headspace H2 depletion 
quanti"ed by gas chromatography). Bald, aerial hyphae de"cient Streptomyces griseo!avus Tu4000 possesses the proper hydrogenase, but was not ob-

served to uptake H2.

Cluster 1

Cluster 2
0.2

HFI strains

Reference strains

Group 5 [NiFe]-hydrogenase 

H2 utilization in Rhodococcus equi was observed to also depend on life cycle and 
growth phase. 

Uptake began in late exponential and stationary phase when nutrients may have 
been limiting factors to growth [5]. 

Its H2 uptake was at ~10x lower rates than HFI Streptomyces spp.

3. Compared Streptomyces H2-uptake with life cycle changes 

2. Generated microbial amino acid tree of group 5 [NiFe]-hydrogenase 

 Amino acid tree created using SeaView v4 parismony, FigTree v1.3.1

The amino acid tree indicates that there 
are three non-phylogenetic clusters (1, 
2, and distant [3]) within [NiFe]-hydroge-
nase group 5. Streptomyces are found in 
both clusters 1 (HFIs & Streptomyces gris-
eo!avus Tu4000) and 2 (Streptomyces cat-
tleya NRRL 8057).  

From cluster 1, Rhodococcus equi ATCC 
33707TM, a non-sporulating soil organism 
of a di$erent genus [cluster 1], was 
chosen to complement the streptomyce-
tes in this study.

H2 uptake kinetic parameters for Harvard Forest Isolates (HFIs) and reference strains
Strain H2 oxidation rate

[nmol min-1g-1]
Km

[ppm]
Vmax

[ppm min-1]
Threshold

[ppb]

Streptomyces sp. HFI6 780 80 1 150

Streptomyces sp. HFI7 420 80 2 70

Streptomyces sp. HFI8 240 40 0.7 150

Streptomyces sp. HFI9 100 40 0.7 120

Streptomyces griseo!avus Tu4000 0 - - -

Streptomyces cattleya 130 460 3 TBD

Rhodococcus equi 10 160 1 TBD
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Rhodococcus equi is an actinomy-
cete like streptomyces, but it re-
produces by hyphal fragmenta-
tion into bacilli and coccoid ele-
ments and does not produce 
aerial hyphae or spores. 

compared to orginal vial and biomass remaining on media after transfer

Streptomyces  sp. HFI8 H2 uptake [ppb min-1] before (in original vial on R2A medium) and 
immediately after the transfer of aerial biomass using steril glass beads. The H2 uptake ac-
tivity is reported for the fraction transferred to glass beads, that remaining on the media 
in the original vial, and the di$erence (table on left) in uptake due to transfer ("nal total 
minus original). H2 uptake by aerial biomass on glass beads was measured each week for 
three weeks.

Rhodococcus equi

Future work will focus on "nalizing the characterization of H2 uptake in HFI and 
reference strains. Also, we will determine whether stimulation of aerial hyphae 
production in Streoptomyces griseo!avus Tu4000 will trigger expression of its hy-
drogenase and of H2 uptake. 

Future Work

Replicate Di�erence
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