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Summary of Cruise Plan for SCOPE transect 
 
Tentative Cruise Dates:  March 18th – March 27th  
Participants (n=5): 

1. Angelicque White or Katie Watkins-Brandt (OSU) 
2. Francois Ribalet (UW, Armburst lab) 
3. Katherine Heal or Rachel Lundeen (UW, Ingalls lab) 
4. Laura Carlson (UW, Ingalls lab) 

 
Collaborations 
The science plan centers around the measurement of the diel cycle of growth, mortality and 
metabolite production across a gradient from the productive coastal ocean to the oligotrophic 
NPSG. Cruise participants will work collaboratively to (1) conduct real time cell-size based 
measurements of Prochlorococcus growth and mortality and pair these with proxies for net 
productivity based on the diel cycle of particulate carbon; (2) determine the presence/abundance 
of Prochlorococcus phages as a causal mechanism for observed patterns of Prochlorococcus 
mortality, (3) measure the dawn/dusk inventory of distinct dissolved and particulate metabolites 
(4) carry out metaproteomic analyses and targeted peptide analysis on the microbial community.  
 
Individual Science Plans 
 
Armbrust & Ribalet 
Every fall for the last few years, we deployed our continuous flow cytometer named SeaFlow to 
study the dynamics of phytoplankton communities in surface waters of the subtropical Pacific 
Ocean.  The use of new continuous techniques allowed us to estimate hourly cell production of 
Prochlorococcus across 3000 km. We showed that Prochlorococcus cell production and 
mortality rates are tightly synchronized to the day/night cycle across the subtropical Pacific 
Ocean. In warmer waters, we observed harmonic oscillations in cell production and mortality 
rates, with a peak in mortality rate consistently occurring ~ 6 hours after the peak in cell 
production. 
 
Objective:  The goal of the coming PDX-HNL leg is to determine whether the synchrony 
between Prochlorococcus cell production and mortality rates observed in fall persist also in 
spring. We will deploy SeaFlow to collect samples from the ship’s underway system and 
estimate hourly Prochlorococcus cell production and mortality rates along the transect. We will 
also compare our estimates of Prochlorococcus cell production with particle-based bulk primary 
productivity provided by the White lab to determine the contribution of Prochlorococus to 
overall primary productivity along the transect. We will collaborate with the Lindall group to 
assess the extent of Prochlorococcus viral mortality and the Ingalls lab to assess metabolite and 
proteomic signatures of production and mortality. 
 
Methods: In addition to the continuous flow cytometric measurements, three types of samples 
will be collected at three times of day: dawn, solar noon and dusk.  

1) Flow cytometry samples (2 ml raw seawater fixed with 0.25% glutaraldehyde + 0.01% 
Pluronic P68) will be collected to look at Prochlorococcus cell cycle (G1/G2+S ratio).  
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2) Filters (100-500 ml filtered on 0.2 um polycarbonate filters, 47 mm) will be collected to 
characterize Prochlorococcus ecotype composition (using 16S rRNA gene amplicons 
from TAG sequencing) 

3) Dissolved nutrients (DIN, DIP) 

Materials: We will bring a 10-L dewar of liquid nitrogen, a peristaltic pump with three heads to 
filter seawater, that we could share with other participants. 
 
Anitra Ingalls: 
Objective: We have a dataset of the 4 forms of vitamin B12 in the dissolved and particulate pools 
across the north Pacific and Puget Sound.  This data suggests that there is a relationship between 
the form that B12 takes (active vs inactive) and the proportion of B12 that is in the dissolved 
phase.  We hypothesize that this relationship reflects B12 demand.  We would like to fill in this 
dataset with additional surface water samples to clarify the relationship between the forms of 
B12 and the ratio of intracellular to extracellular B12. We would further like to assess the 
expression of proteins related to B12 stress and relate that to our measurements of B12 
concentration.  To this end we will carry out targeted peptide analyses of specific proteins related 
to B12, and more generally, we will carry out metaproteomic analyses on these same samples. 
In order to track the growth/death cycle of Prochlorococcus we would like to look at the release 
of metabolites into the dissolved pool and community proteomics.  Release of B12 along with 
other intracellular metabolites is likely during viral lysis.  We will collect samples for 
metabolomics analysis of both intracellular and extracellular metabolite pools at sampling times 
that will coordinate with sample collections aimed at observing the growth death cycle. We will 
collaborate with Angel White to normalize our data to POC concentrations and are very 
interested in testing different filter configurations that might allow automated sample collection. 
 
Methods: Collect water from the ships underway seawater intake for analysis of vitamin B12 
demand (intracellular and dissolved), intracellular metabolites, dissolved metabolites (feasibility 
depends on cruise participants), cellular targeted peptide analyses and metaproteomics. 
•      Filter water onto 0.2µm, 1.5µm, 53µm filters for intracellular metabolites and B12. 2L 

needed for for each analysis = 4 L total 
•      Extract B12 from seawater filtrate using solid phase extraction according to Heal et al., 2014.  

500ml 
•      Extract metabolites from seawater filtrate using a different solid phase extraction protocol 

than is used for vitamins (this protocol will only be possible if we can have 2 people 
working). 

•      Filter water onto 0.2µm, 1.5µm, 53µm filters for proteomics.  40 L.  We will do 
metaproteomic analyses on these samples.  We are also investigating the potential for doing 
targeted analyses of B12 dependent pathways and proteins related to oxidative stress, nutrient 
stress, cell cycle, viral infection, biosynthesis of bioactive molecules.  

•      Collections time will be coordinated with others and will attempt to capture viral activity 
cycle: solar noon and 1 hour after dusk.  We would like to do more frequent sampling (diel), 
but this will only be possible over a short period of time (24-28 hours).  

 

Materials: We will have a dry shipper that can act as a dewar during the cruise We will have 
peristaltic pumps for filtering water and a solid phase extraction manifold for collecting 
metabolites. We will bring some organic solvents and acid.   
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Angelicque White 
 
Objectives: (1) Conduct flow through 
measurements of beam transmission; (2) 
collaborate with Armburst group to adopt 
their method for merging with ships data 
and serving real time data; (3) test and 
optimize a system for semi-automated 
filtration of particulate matter.  
 
In January of 2015, we installed a 
transmissometer aboard the R/V Kilo 
Moana (see right). This instrument is 
configured to auto-sample 0.2 µm filtered 
seawater for the first 10 minutes of every 
hour and whole water for the remaining 50 
minutes from the ships underway system. 
These data are parsed into hourly files and 
synchronized to a backup server and the 
ship’s network. We aim to collaborate with 
Ribalet and Armburst to adopt their 
methodology for merging these data with 
the Kilo Moana’s independent measures of 
temperature, salinity, PAR, latitude and longitude. This data collection method and 
synchronization will allow for real time (hourly) calibrated particulate beam transmission. 
Automated processing and visualization will generate images of the spatial and temporal trends 
in the surface concentration of particulate carbon. Diel cycles of carbon can be used to evaluate 
spatial trends in net community production. These data can also be compared to real time flow 
cytometry (Armburst group), pCO2, chlorophyll fluorescence and other ships data streams. This 
level of data integration and real-time processing and networking provides a virtual portal for 
oceanographic discovery and sets the Kilo Moana apart from other research vessels in its use of 
telepresence technology.  
 
Providing all the components arrive in 
time for the cruise and we can assemble 
the data acquisition and instrument 
controller, we will test and streamline a 
semi-automated filtration device. 
Shown to the right is a schematic of this 
design. It is based on Holser et al. 2011 
(Marine Chemistry, 123:67-77).  This 
device would filter at a minimal flow 
rate of 20-1000 ml min-1; We would 
anticipate filtering 1-2L per filter and 
will work with other investigators to 
test different filter types and volumes.  
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Debbie Lindell  
 
Objectives:  Assess whether or not cyanophages may be responsible for observed night time 
mortality of Prochlorococcus; assess the diversity of cyanophages in surface waters across this 
transect. The specifics of these objectives are described below. 
 
1) Are cyanophages responsible for the night time morality of Prochlorococcus observed by the 
Armbrust group? 

Approach: Assess the number of (i) free cyanophages and (ii) extent of infection of 
Prochlorococcus over the diel cycle. 

Expectation: If cyanophages are responsible for a significant degree of this night time 
mortality, we’d expect to see high levels of infected cells prior to the observed 
mortality and increases in free cyanophage abundances soon after mortality. If 
cyanophages are not responsible, we expect to see fairly even levels of infection 
and free cyanophages over the diel cycle, or other patterns that don’t correspond 
with the observed mortality. 

Sampling: Over a 3 day period in regions of the transect where Prochlorococcus is highly 
abundant. Sample every 2-3 hours (depending on manpower etc…). Total of 24-36 
samples over 3 days, with each sample consisting of 2-4 tubes each for free phage 
and infected cells  

Analyses: Polonies for free T7-like and T4-like cyanophages and for cells infected with 
these phage types. 

(i) For abundance of free phage: Collect 2-4 x 40-45 ml of 0.2 µm syringe filtered 
seawater, flash freeze in liquid nitrogen, store at -80 ºC [no fixative!] 

(ii) For infected cell analysis: Collect 2-4 x 40-45 ml (prefiltered over mesh?), fix in 
0.1% gluteraldehyde, 15-20 min dark, flash freeze in liquid nitrogen, transfer to -
80 ºC for storage.  

Caveat: In the event that the phage(s) responsible do not belong to the T4-like or T7-like 
families, our planned targeted approach won’t detect them. Suggested work around: 
Over the three day period, take at least 1 sample each night prior to 
Prochlorococcus mortality (say ~2h before-hand) for genomics (maybe also 
transcriptomics if you are interested) of sorted Prochlorococcus cells. Then if DNA 
from different phages types is detected, we will design our polony assay for 
quantitative detection of the identified phage(s), both free in the water column and 
infecting cells over the diel cycle.  

 
[We need to discuss timing, volumes and who’d do the analyses. I forgot to mention this 
during our conference call.] 

 
2) Assess the diversity of cyanophages, and extent of infection by cyanophages over the transect 
from Portland to Hawaii. 

Sampling: Collect samples at three times of day: dawn, solar noon and dusk to correspond 
to samples being taken by others. Collect samples for free phage analysis and 
infected cell analysis, as below. Total of 33 samples over 11 day transect, each 
consisting of 2-4 tubes for each analysis type. 
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Analyses: Assess the abundance of free T7-like and T4-like cyanophages over the transect 
using polonies. Assess diversity within each group (using probes for different 
clades within each phage type and/or picking and sequencing of individual 
polonies). Assess the extent of Prochlorococcus and Synechococcus infection by 
T7-like and T4-like cyanophages over the transect using polonies.  

 
[Do you have info on the changes in abundances of Syns and Pros and/or ecotypes across the 
transect?] 
 

(i) Polonies of free phage. 
(ii) Polonies for infected cells: Flow sorting of 80 ml to separate Prochlorococcus and 

Synechococcus and remove a lot of free cyanophage (by Armbrust group). Enumerate 
and freeze sorted cells (in aliquots?). Send to Lindell lab on dry ice. Polony analysis 
for T7-like and T4-like cyanophage DNA inside individual cells.  

 
[We might need to do an additional centricon concentration step depending on the drop volume 
of sorted cells, i.e. how many cells we’d have in 10 µl of sample. Do you know what the drop 
volume is?] 
 
 
 

 


