
THE ROLE OF B1 AND OTHER B-VITAMINS AT THE OLIGOTROPHIC 
STATION ALOHA DURING NATURAL AND INDUCED BLOOM CONDITIONS

Background & Main Objectives

As early as 1937 it was discovered that some flagellates require an external supply 
of thiamin (B1) to grow. Since then, many species of phytoplankton have been found to 
have an obligate requirement for different B vitamins, and it has been proposed that in 
some oceanic regions the bioavailability of certain vitamins might limit primary 
production and have a control on the community composition of the phytoplanktonic
community 1. In particular, B1 acts as a cofactor for multiple enzymatic systems, being 
involved in carbohydrate and amino acid metabolism, and 20% of tested phytoplankton 
cultures are auxotrophic for this vitamin. 

In this work we aimed to study the availability of different B-vitamins throughout 
the summer at Station ALOHA. We also studied the uptake of B1 by different size-
fractions of the microbial community, both under non-bloom, natural conditions at 
Station ALOHA , and throughout the development of induced blooms.

• Summer-time concentrations of measured B-vitamins rarely exceed 30 pM

• B-vitamin concentrations followed a similar depth pattern, with higher concentrations in the top 100m and undetectable at 
depths >200m

• In the mixed layer, B1 uptake was carried out mostly by the <0.6 µm size-fraction (76%), indicating that B1 uptake is mainly 
controlled by small prokaryotes

• The growth of large phytoplankton (>10 µm) was highly correlated with the uptake of B1, in agreement with the lack of B1
biosynthetic pathways in many diatoms.  

• The >10 µm size-fraction was responsible for 40% of B1 uptake at the peak of the bloom. 

Results indicate that B-vitamins are available, albeit at very low concentrations, in surface waters of Station ALOHA under non-
bloom conditions; with prokaryotes normally dominating B1 uptake, and large phytoplankton competing for B1 under bloom 
conditions. 

Main Results & Conclusions

B-vitamin concentrations and B1 uptake under non-bloom conditions

Figure 1: Depth profiles of dissolved B-vitamin concentrations carried out during 
summer at Station ALOHA. B1, biotin; B2, riboflavin; B6, pyrodixine, B7, biotin; B9, folic 
acid; and B12, cobalamin.
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The main peak in Chl a occurred after 4-5 d of incubation and was dominated by the 0.7-2µm fraction, followed by an increase in the >10µm 
Chl a fraction. The increase in Chl a in these two fractions was accompanied by a significant increase in the corresponding uptake of B1
(Spearman’s rho: 0.42, 0.65). The uptake of B1 in the 0.2-0.6µm fraction was significantly correlated to both heterotrophic bacterial numbers 
and leucine incorporation (Spearman’s rho: 0.57, 0.59). For an extended period of time, the dominant paradigm was that phytoplankton were
the main consumers of vitamins in the ocean because of their inability to synthesize some of these vitamins. However, these results are in 
agreement with recent studies that have shown that heterotrophic bacteria are not only the producers but also the primary consumers of 
vitamins 3.

The increase in Chl a in the >10µm fraction coincides with a decrease in dissolved silicate, indicative of diatom growth. The increase in B1
assimilation by this fraction coincides with the lack of B1 synthesis pathways in many diatoms. Also, the low concentrations of N late in the 
incubation may have induced N limitation, which may induce an increase in B1 demand 9.

In these experiments, the abundance of Synechococcus increased up to 50X but this increase was not correlated to the uptake of B1 in its 
corresponding size fraction (0.6-2µm), which is in agreement with genome analysis that shows that Synechococcus possess the biosynthetic 
pathway for its production 10.

Summer-time concentrations were low and  variable within the top 200m of the 
water column, only exceeded 30pM occasionally. Below 200-300m 
concentrations dropped to below detection limit for all B-vitamins.  Dissolved B12
concentrations were always <6pM, which is in agreement with concentrations 
observed in other locations either by direct quantification or by bioassay 
(<7pM2).Most of the studies that quantified B12 directly have focused on coastal 
systems 1,3-5, and concentrations in oceanic systems are scarce 6. Only recently, 
sensitive methods for direct determination of several B vitamins have been 
developed, allowing some insight into vitamins distributions 7. The profiles 
presented here constitute the first report on concentrations obtained by direct

quantification of dissolved B1, B2, B6, B7 and B9 in oligotrophic surface
waters. 

Figure 2: Depth profile (0-175m) of 
B1 uptake at Station ALOHA during 
late summer.

Figure 3: Depth profiles (0-175m) of size-fractioned B1 uptake by the 0.2-0.6µm 
fraction (black), 0.6-2.0µm fraction (pink) and >2.0µm fraction (cyan), collected 
at Station ALOHA during late summer.

Results: At Station ALOHA, the uptake of B1 was slow under summer non-bloom 
conditions, with turnover times of ~40 days in surface waters (0-45m), and even longer 
at deeper depths (Figure 2). In the mixed layer, the uptake of B1 was carried out mostly 
by the smallest fraction of the microbial community (<0.6µm) (Figure 3), despite most 
prokaryotes being able to synthesize their own B-vitamins. SAR11, an abundant and 
cosmopolitan clade, has been shown to be auxotrophic for B1

8 and therefore might be 
responsible for an important fraction of the uptake in these waters. 

Methods: Samples for B1 uptake were collected in 70-
1000mL acid-cleaned clear polycarbonate (PC) bottles 
and amended with 9pM 3H-thiamine hydrochloride. 
Killed controls were run in parallel to assess abiotic 
binding of labeled B1 to particles but they were never 
significantly higher than the blank (10-11 dpm). After 
incubation, a known volume was gently filtered 
sequentially through 10µm (gravity), 2µm, 0.6µm and 
0.2µm (<5mm Hg) PC Nuclepore filters. Activity in each 
filter was then counted.

Figure 4: (A-C) B1 uptake rate constants (k) after addition of 0.1µM phosphate (P), 1µM nitrate 
(N), and 20pM B12 alone or in combination, to 25m unfiltered seawater collected at Station 
ALOHA on Aug – Sep 2012 (incubation time: 2 days). Different letters denote statistically 
significant difference between treatments (ANOVA, p<0.05) (D-F) Size fractionated B1 uptake rate 
constants from the same experiments.

Nutrient amendment experiments showed that addition of inorganic 
phosphorus did not cause an increase in B1 uptake. However, addition of a N 
source increased significantly the uptake of B1 by a factor of 1.5-3.4. Within 
treatments with added N, no further increase in B1 uptake was observed when 
N was added together with P, or P and vitamin B12. Standing pools of inorganic 
N at Station ALOHA were in the low nM range during the sampling period 
(<5nM), while inorganic P concentrations were ~100nM. The greater increase in 
B1 uptake was due to the response of the <0.6µm fraction. In most cases the 
uptake of B1 by the 0.6-2.0µm size fraction also increase in response to N 
addition.

B1 uptake under bloom conditions
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Surface (25m) water from Sta ALOHA was mixed with 10% 
0.2µm filtered, nutrient-enriched seawater from 300m 
(treatment) or 25m (control) and light-incubated under natural 
conditions.  Incubations were carried out in 20L polycarbonate 
carboys in triplicate. Measurements throughout the experiment 
included: Size fractionated chlorophyll a (Chl a), leucine
incorporation, flow cytometric counts of heterotrophic bacteria, 
Prochlorococcus, and Synechococcus, dissolved nutrients 
(nitrate + nitrite, inorganic phosphorus, silicate), dissolved B-
vitamin concentrations, and size fractionated uptake of B1
(using 3H-labeled B1). We present here the results related to the 
uptake of vitamin B1 for two experiments. Experiment I  and II 
were carried out with seawater collected in November and 
December 2012, respectively. 
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