
C-MORE Education Project Final Report 
Jamie William Becker 
C-MORE Ph.D. Student in the labs of Dr. Daniel Repeta and Dr. Edward DeLong 
MIT-WHOI Joint Program (Massachusetts Institute of Technology and Woods Hole 
Oceanographic Institution) 
 

 
The effects of dissolved organic matter enrichments on microbial activity 

 
Description of Proposed Activities 
The goal of my proposal was to initiate collaborative research with Dr. Michael Rappé at 
the Hawaii Institute of Marine Biology (HIMB).  This collaborative effort was designed 
to serve as one section of a pilot project for my interdisciplinary Ph.D. thesis, which 
involves the use of analytical chemical analysis with Dr. Daniel Repeta, genomic 
techniques with Dr. Edward DeLong, and microbial isolates and culturing assays with Dr. 
Rappé to explore the nature of dissolved organic matter (DOM) and its relation to marine 
microbial metabolism and diversity. 
 
Objective 1: 
Examine the effects of DOM enrichments on pelagic marine bacterial isolates 
 
Experiment 1: Growth kinetics of bacterial isolates on high molecular weight 
dissolved organic matter (HMW DOM) additions 
Prior to my arrival, the Rappé lab prepared 12 marine bacterial isolates for this study 
(Table 1).  All isolated were originally obtained using dilution to extinction culturing 
methods and prepared such that each was approaching exponential growth upon my 
arrival. 
 
Table 1 

Isolate Phylogenetic Identification Origin 
HIMB1 Roseobacter Kaneohe Bay – N. Channel 
HIMB5 SAR11-1A Kaneohe Bay – N. Channel 
HIMB12 Synechococcus Kaneohe Bay – N. Channel 
HIMB30 OM252 Kaneohe Bay – S. Bay 
HIMB55 OM60 Kaneohe Bay – N. Channel 
HIMB83 SAR11-1A Kaneohe Bay – S. Bay 
HIMB95 SAR11-3A Kaneohe Bay – S. Bay 
HIMB106 SAR116 Kaneohe Bay – S. Bay 
HIMB114 SAR11-3A Kaneohe Bay – S. Bay 
HIMB136 SAR11-3A Kaneohe Bay – N. Channel 
HIMB137 OM43 Kaneohe Bay – N. Channel 
HIMB624 OM43 Kaneohe Bay – S. Bay 

 
HMW DOM from Hawaiian waters (previously obtained by Dr. Repeta using high 
volume ultrafiltration in 2006) was resuspended in sterile water and added to the sterile 
seawater media used by the Rappé lab to subculture each isolate.  Three treatment 



strengths were created by adding increasing amounts of the resuspended HMW DOM.  
These treatments contained roughly 2X, 5X, and 10X the amount of dissolved organic 
carbon in the sterile seawater media alone (hereafter referred to as the control).  
Immediately prior to inoculation of the each treatment, cell counts were taken of the 
growing isolates to acquire cell concentration values at time point zero.  1ml of each 
growing isolate was then added to 30ml of each treatment (control, 2X, 5X, and 10X 
HMW DOM).  One isolate (HIMB95) was done with triplicates for each treatment, thus a 
total of 56 cultures were prepared.  A sample was taken of each culture to measure the 
initial DOC and all were then incubated at 29oC on a 12hr light/dark cycle.  Cell counts 
were taken for all cultures after 2, 4, 6, 8, 10, and 16 days of growth. 
 
Results:  The most striking effect of the HMW DOM additions was obtained for 
HIMB12 (Fig. 1), which exhibited an enhanced growth rate and an earlier initiation of 
death phase due to the additions.  By day 16, all four treatments were in substantial death 
phase, making the acquisition of accurate cell counts extremely difficult. 
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Figure 1 

 
Effects of HMW DOM additions were also clear for two subclades of SAR11.  Generally, 
SAR11 isolates belonging to the 1A subclade exhibited a positive reaction to the 
additions, while those belonging to the 3A subclade exhibited a negative reaction (Figs. 
2, 3). Dissolved organic carbon (DOC) samples were also collected for each isolate and 
will be run in the Repeta lab in the near future. 
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Figure 2 

 

HIMB114 - SAR11-3A
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Figure 3 

 
Experiment 2: Growth kinetics of bacterial isolates on phytoplankton exudate 
additions 
Crocosphaera organic matter exudates obtained via collaboration with John Waterbury 
prior to my departure were used to prepare 2 additional treatments for each isolate listed 
in Table 1.  Exudates were added to the same sterile seawater media used by the Rappé 
lab to subculture each isolate.  Two treatment strengths were created by adding exudates 
at a 1:20 dilution and a 1:5 dilution.  Inoculations were performed as described for 
experiment 1 and the incubation conditions were identical.  Initial DOC samples were 
taken and cell counts were done after 2, 4, 6, 8, and 14 days of growth. 



Results:  Three of the isolates studied exhibited a strong positive reaction to the 
Crocosphaera exudates additions (Figs. 4-6).  As in experiment 1, the additions had a 
positive effect on the growth rate of Synechococcus and SAR11-1A, but also on the 
Roseobacter isolate. Samples were taken at the final time point for DOC analysis and all 
DOC samples will be run in the Repeta lab in the near future. 
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Figure 4 

 

HIMB12 - Synechococcus
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Figure 5 



HIMB83 - SAR11-1A
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Figure 6 

 
Objective 2: 
Examine the effects of DOM enrichments on natural consortia of marine microbial 
communities 
In an effort to examine the effects of DOM on microbial diversity, I incubated a raw 
microbial community under various organic matter conditions and assessed changes in 
DOC, total cell numbers, and community structure via Terminal Restriction Fragment 
Length Polymorphism (T-RFLP) analysis.  20L of raw seawater was collected from the 
South Bay portion of Kaneohe Bay.  A small amount was set aside for use as inoculum 
and the remaining portion was sterile filtered using a 30KDa tangential flow filtration 
membrane.  This water contains all organic matter <30KDa and served as the control 
media for the experiment.  A portion of this sterile water was then sent through a stirred 
cell containing a 500Da membrane to size fractionate the DOM.  The portion that passed 
through the filter (<500Da) contains the low molecular weight (LMW) fraction of organic 
matter, while the portion that does not pass through (500Da -30KDa) became steadily 
more concentrated with the HMW fraction.  One additional media type was created by 
adding the concentrated HMW DOM from the first experiment described earlier to the 
control water (hereafter referred to as HMW-06).  Ten milliliters of the raw samples was 
inoculated into 1L of each media type (control, HMW, LMW, and HMW-06) and all 
were incubated as described above.  Cell counts and DOC samples were taken after 2, 4, 
6, 9, and 12 days of growth.  T-RFLP analysis was also done on the raw sample used for 
inoculation and on the final time point of each media type. 
 
Preliminary Results: Initial T-RFLP results show significant changes in community 
structure between the control and the HMW-06 treatment (Fig. 7) although further 
analysis of the data is needed.  Negative controls indicate potential contamination of the 
sterile seawater during stirred cell filtration, thus repetition of the experiment using an 
alternate apparatus and additional post-sterilization to further minimize contamination is 
recommended.  All DOC samples will be processed in the Repeta lab in the near future.



 
Figure 7 

 
Future Directions 
 This pilot project was a highly successful effort in that it allowed me to broadly 
test the effects of several types of treatments on 12 different isolates as well as a whole 
microbial community.  Although the amount of replication was reduced in these studies 
to allow for the maximum number of experimental combinations, this project allows me 
to focus my efforts and target future studies toward those combinations that yielded 
initially exciting results.  While additional experiments with replicates are certainly 
needed, my preliminary results indicate that several of the clades examined in this study 
may be able to benefit from DOM additions that have previously been thought to be 
highly refractory.  The positive reaction of several isolates to amendments with 
crocosphaera exudates justifies the use of chemically characterized phototrophic exudates 
amendments as a potential means of examining DOM cycling in the oceans.  Also, the 
fact that the HIMB12 isolate displayed a strong positive reaction the HMW DOM 
treatments holds potentially exciting information regarding mixotrophy that warrants 
further investigation. 
 The project was educational in that it reinforced the difficulties inherent in studies 
that involve working with axenic cultures and taught me that I may need to incorporate 
different apparatus and well as additional sterilization steps in order to accurately test 
certain parameters and minimize contamination.  I also learned that I will need to tailor 
my sampling schemes using the known growth parameters of each isolate I examine in 
order to obtain the best resolution in my data. 

South Bay Control

South Bay HMW-06
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