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Materials andMethods:

During the DIAPICNA cruise (25 July pPpes fTiiie } & ZXsX “"EZW }u E&o}e /_U

were sampled from 31.5%83.0°W to 36.2°MB3.W (Station A Ti£T6[AT[[EU Ti£I1[1ifftU 8701
bottom depth (b.d.); StatiorBW Ti1£ii[AG[[EU TT7£ii[inn[btd) Stattion C TTEST[1i[[EU
ITEAG[AG[[tUn bidd StatiorDW TAELTI[ITI[[EU Ti£1i[MH.UY StatorEW T0£iT[A6[[EU
TTEAS[IT[[tU niil.d.) At each station, the water column physical properties were recorded
down to 5062000m depth usingn situsensors. The upper 500m of the water column was sampled

at 12 discrete depths for the measurement of nutrient concentrations. Particulate nitrogen (PN) and
organic carbon (POC) concentrations, naturak N&Edtopic signatures, carbemnd N fixation rates

and the abundancef Unicellular C¥anobacterid N-fixers (UCYN) were assessed on water samples
sequentially collected during four additional casts at four chosen depths within the euphoticAdbne.
longitudinal crossectionswere obtained usig theOcean Data Viewoftware (Schlitzer, 2008)

N,- and Gfixation incubations N, fixation rates were measured using the dissed!°N, tracer
method (Mohr et al., 2010 Wilsonet al, 2019. Spiled solutions of*°N, were prepared prior to the
cruise, ®ing degasse¢y vacuum pumping under magnetic stirjr@2 umfiltered low nutrient
seawater (Osil, UK), injected with 2.5 mL*®&-gas (8+Atom%*N, Euisotop, France) and shaken
for 24 h.These spikedolutions wereconditioned in 285 mL borosicita vials crimp sealed with
Teflon lined silicone septa (Wheaton, US)

Prior to the cruise,dstswere conductedn the labusing five replicate spiked solutioirs separate
285 mLborosilicate vialssampledrespectivelyafter 0, 2,4, 7 and 9daysincubation at room
temperature Theyshowedthat after an initial decrease from 70% to%®N atom% between days 0
and 4,the 50%enrichnent remained stabldor up to 9 days Final enrichment in incubatiobottles
were also conducted in triplicates: threeidwashed 4.9_Nalgenepolycarbonate bottlesvere filled
with 4.3L ofnon-degassed.2 pmtfiltered low nutrient seawater@SILincubation seawatgrto which
285 mL™N, spiked solutiors (previouslyhomogenised for 24hjvere added Nalgene bottlesvere
filled to the very rim withthe OSlLincubationseawater capped withseptum equippedscrew cag
(PTFE; Nalgen@nd incubated for 24 hat room temperature (23°C)in the lab, beforethey were
sampled fordissolved NN atom% Triplicate 12 mlaliquotswere transferredfrom each incubation



bottle through the PTFE septa, applying a slight He overpressure and uging @eedles, into

helium preflushed exetainergLabco, UKpoisored with 100 pL saturatedHgCJ solution Dissolved

N, isotopiccompositionwas measured from equilibrated headspacpseparedby the removd of 3

mL seawater fromthe 12 mLexetainervials using He pressurénalyses were performed using a

Flash EA 1112 Elemental Analyzer coupled to a DELTA V Isotope Ratio Mass Spectrometer via a
Caoflo 1l interface (EARMS Thermo Instruments)equipped with a custom made manual gas
injection port. The injections 0800 pL headspace were done upstream of the EA reduction column
under helium flow.These analysesevealedfinal dissolved B N atom%of 54 + 0.4% in the
incubated seawater

During the cruise, seawater samples were taken at each statidineagurface (1116m), above the
Deep Chlorophyll Maximum (DCM5-48m), at the DCM(86-112m)and in the upper mesopelagi
zone R00-217m), from which 4.5 L were immediately filtered to determine natural particulate
organic Carbon and Nitrogen (POC, PN) concentrationsheid"*C and"N isotopic compositions.
Further duplicate amples from each deptifapprox. 4.3 Lyere transferred toacidwashed 4.5
Nalgenepolycarbonate bottlego which 285 mL°N, spile solution were added, together with 0.73
mmol of dissolved NafCQ each (99 Atom9%=C, Eussotop, France) to reach theoretical
enrichmens of 5 Atom%"N and 10 Aton?*C. Nalgene bottles were then filled to the very rim with
ambient seawater and capped with a screw cap fitted with a septum (PTFE; Nalbieyss).spiked
sampleswere incubated for 24 hn ondeck incubators wrapped in blue filters (Rosco, dild
bathed in continuously renewed surface seawater to ascertain a constant tempergsuoceind
24°C). Théight filters were selected to mimién situdaylight attenuation in Jerlotype OIA waters
(Piazeneet al, 2002) no filter for surfacesamples (100% surfaco]PZ5U ~E} }o}E& opn _ (]o
above the DCM samplgg144 Cii9 o]PZS S& veu]ee]}veU ~ (Elsaropleqarbpnd E (}E
100uU -ii6Ci9 o]PZ8 S&E veu]ee]}ve v Vv }A 0o % }( ~ o] uppat _ v ~d}
mesopelagicamples#197+# 6 i ©1% light transmission).

At the end of the incubation period, six replicate 12 aiquotswere transferred through the PTFE
septa, applying a slight He overpressure and using needles, intdelium preflushed exetainers
(Labco, UKpoisored with 100 L saturatedHgCl solutionfor the assessment dhe dissolved N™N
atom% and Dissolved Horganic Carbon (DIC)*C atom% Triplicate dissolved Nand DIC isotopic
compositionswere measured from equilibrated headspacpeepared by the removd of 3 mL
seawater fromthe 12 mLexetainervials using He pressure. For DIC we subsequently added 200pul of
99%phosphoric acidAnalyses were performed using-tash EA 1112 Elemental Analyzer coupled to
a DELTA V Isotope Ratio Mass Spectrometer viatoQb interface (EARMS Thermo Instruments)
equipped with a custom made manual gas injection p®tte injections oBOO uL headspace were
done upstream of the EA reduction columumder helium flow.

Natural and enriched particles were sizactionaed by serial filtration onto 25 mm diameter
membranes of 3.0 um and 0.3 um porosities, made of silver (Sterlitech) andoprbusted glass
fiber (GF75, Advantec MFS Inc.), respectively. The filtere driedovernightat 66°Cand stored

over desiccant util analysis. After carbonate acidification overnight under saturated HCI vapours and
drying at 60G POC and PN concentrations aiC and &N signatures were measured using the
EAIRMS. Standards and blanks were run under the same analytical conditicghe samples?OC

and PN areas were corrected for blank areas and converted to moles using acetanilide standard
calibration (Merck, 71.09%C, 10.36%N). IR8iS and &N values were corrected for the influence

of blanks and for the offset of the IAEAastiards from their certified valus (IAEACHSG,
&’C=+10.449 vs. Vienna Pee Dee Belemnite; IAFA &GN=+0.43 vs. atmospheric N. The
uncertainties associated with the calibrations are reportedables S1, S2 and §3/ @&O0‘Natural

PN, &N,E_ U=24% Natural PNGN,E_ v ~SAT8Z E SpE o Wy X}v VvSE 3§]}vU
WX values (i.eWN or W’C) were converted tdX atom%using the following formulas:

R = TX/"X)kample= [(WX/1000)+1] X X/ "X)eference and #X atom%= R/[11R]

Where H is the heavy and L is the light isotope and references are atmosphand Nienna Pee
Dee Belemnite for N and C, respectively.



final

N,- and Cfixation rates and error calculationsThe ™A pstrate term for DIC was corrected by the
equation ofMiyajimaet al. (1995), and that for dissolvedN, was calculated using the combination
of IRMS masses M“Ny), Mz (*“N*N) and My, (°N,) areas (after correction of the machine bias for
M3o):
ANz = [Mao + (Mag/2))/[M 26+ Mg + M)
N, and Guptakerateswere not considered significant (grey police in TallesS? andS3) when:
~]e % 8] 0 VE] Zu v3 ~"Wy VE] Zu vS_+ A« 0}A E §Z v §ZE §]u
VSUE 0 Wy ]*}S8}%] <]Pv SpE 0 Mo atural P&DepthBxSDee §Z v 13&I
particle enrichmentafter incubationin atom% was lower than the error calculated on the
VE] Zu vS ~"Wy Ev@®] Zu vS§
(i) Substrate enrichment inS}u9 ~2"u «SE § VE] Zu v _+ A« 0}A & 8Z v §Z
fnalA . psratetriplicate measurementsi.g., *®N,<0.0908):
~1]]* dZ EE}E }v SZ pP%S |1 E S E_.oo 6]pw S "hPE U ZZS %o E} % P
the errors or uncertainties associated with each term used for the calculation, was higheththan
uptake rate value itself.

Unicellular cyanobacterial diazotroph (UCYN) cellular abundartells werecollected on the 0.2,

3.0 and 10 pmporosity PCTEnembranes,applying light acuum as for the POC/PN filters with a
water jet pump (Medline, Model VE1) reaching an average filtration speed of 100 mL™min
Collected ellswere then fixed with 10 mL of 1% paraformaldehyde (pH 7.2 buffered with PBS and
clarified by filtration, Sigm@ldrich, France) for 15 min at room temperatuf@T) desiccated in
100% ethanol molecular grade (Sigm&rich, France) for 10 min &T andimmediatelypreserved

in liquid N until the end of the cruise. During transfer aatthe lab, filters were stored between
20°C and80°C until analysis.

Nitrate dual isotopic compo$s]}v°Ew v '®@®@) measurements:lsotope signaturs for nitrate
were measured using the denitrifier metho&igmaret al, 2001; Casciotet al., 2002) Nitrate was
converted to NO byadding sample t@ solution ofdenitrifying bacterig Pseudomonasureofacien$
that lackthe active NO reductase The producedN,O wasthen cryogenically isolated and purified
from the sampleheadspaceor subsequent isotopic analysisr WE v @ using IRMIDELTA,
Thermo Instruments)Nitrate concentrations dowito 1 pmol L* could be analysed.

Results

CHixation integration from <3um + >3um size fractions

StA: day 2.42+3.16=5.58 mmoit? d'=66.96 mg@n2d™*;  43% <3pm
night 2.67+3.78=6.45 mmol82d'=77.4 mg@n2d*;  41% <3pum

SB: day 1.86+3.20=5.06 mmol@2d'=60.72 mg@2d?;  37% <3um

SIC day 1.97+3.01=4.98 mmoi@? d'=59.76 mg@2d*;  40% <3um

SD: day 3.76+6.47=10.23 mmai? d'=122.16 mg@2d™*; 37% <3pm

StE day 3.98+4.84=8.82 mmoit? d'=105.84mgCm2d?;  45% <3um

N.-fixation measurements and corrections

The decrease ifrN, final incubation enrichment levdtom 5.0 >N Atom%for the test incubations

prior to the cruise, dowro 0.4-1.0"°N Atom% for the samples incubated during theiseuSs & S7
Tables) indicaesthat the Teflonlined silicon septa used to seal the serum bottles Wilty spike did

not remain gas tight over prolonged periods. This caused losSNefduring transportation and
storage before the cruise. This problem was sdla posteriorj using bromobuthyl septa that
avoided theloss of*®N, enrichment for up to 2 months at-80°C We did not take intaonsideration

the incubations withsubstrate enrichments lower than 0.0908% abd??@hamde, which was the
largest meastement error on replicates fadissolved N**N Atom% Some samplesere Z JEE § |
for insufficient particle enrichmengi.e. lower than 3 times the naturat*®Ney standard deviation)



using the value of half the standard deviation of natural isotopic signatures from all stations at the
same depth (TableS1 ands3). Since resultingorrectedN, fixation rates presenting uncertaintieg)(
inferior to the valudtself could reach values of 0.5+Qunol N m® d*, rates below this value should

be considered with care
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Location Depth Period N-fixation volumetric rates(umol N m*d™) Reference

31.5°N, 330°W-36.2°N,33.9°W  11-217m Early August 2011 0.27.9 This study

35.5°N,29.5°W 0-100m  Late October 2001 0.07-0.09 Moore et al,, 2009
29.0°N,29.0°W 0-100m  February 2006 0.01-0.03 Fernandset al, 2010
29.0°N,29.0°W 0-100m  May 2008 0.01-0.03 Rijkenberget al.,, 2011
35.8°N,75.4°\AB7.9°N,38.6°W  2-29m August 2009 0.59.0 Pangaea database, Lebal., 2012
34-36°N28.5°W 0-60m September 2006 0.81.7 Krupkeet al,, 2014



