RC1: 'Comment on egusphere-2023-2578', Anonymous Referee #1, 04 Dec 2023 reply

General Comments

This article reveals the distribution of phosphatemonoesterase (PME) and phosphatediesterase
(PDE) activities in the seawater of the Mediterranean Sea in the fall and winter. Primary
production in the survey area is known to be limited by low phosphors bioavailability, and the
magnitude of the limitation varies seasonally, in accordance with a variation in the
stratification intensity there. The activities of these two enzymes are indices of microbial
phosphorus stress and they provide bioavailable inorganic phosphate to microbes via
hydrolysis of organic phosphorus materials. The scientific significance of this study is
obvious, and the validity of the methodology employed in this study is thoroughly examined
in this article. The results and discussion provided in this article evidently contribute to
understanding the biogeochemical cycling of phosphorus and relevant biogenic materials in
this area.

Response: We appreciate that the reviewer has found the work interesting and worthwhile to consider
for publication. We truly thank him/her for providing detailed and useful comments, and we have
addressed carefully his/her feedback.

Specific responses to the reviewers’ comments are provided below in blue, modified sentences included
in the revised version in blue + italics and line numbers referring to the new revised version with track
changes are highlighted in yellow.

One of the inputs that | can make to this article is a comparison with the other phosphorus
limiting areas. Particularly, the western North Pacific is also known to be heavily limited by
phosphorus deficiency, and PME and PDE activities have been already reported from it.
Despite these similarities between the Mediterranean Sea and the western North Pacific, they
are different in many respects, including trace metal supply (especially iron and copper),
nitrogen fixation (high abundance of Trichodesmium and Crocosphaera in the North Pacific),
and microbial community composition. The comparison should be of great significance to
contrast the difference between the two areas, and possibly with other phosphorus-limiting
water(s).

Response: We fully agree with this comment and we have added a discussion about the characteristics
of other phosphorus-limited areas (see below).

In addition, | recommend the authors to incorporate a discussion on the role of meso- and
microscale eddies observed during the campaign, particularly in the winter season. The eddy
structure can profoundly influence the vertical structure of the water column, as already
described in the article, and hence the microbial community structure and their biological
processes. Despite its experimental design, | do not think that the article sufficiently discusses
this viewpoint. | believe that these insights can improve the quality of this article.

Response: We deliberately focused this manuscript on the variability of PMA and PDE
kinetics linked to methodological issues and to seasonal aspects. We fully agree with the
reviewer that the experimental design of the cruise offered a nice occasion to assess the role
of mesoscale structures and this is developed in a companion paper which is almost ready for
submission:
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“Van Wambeke et al., Mesoscale variability of phosphorus stocks and biogeochemical fluxes
in the mixed layer during 2 contrasted seasons in the Eastern Mediterranean Sea’. This second
manuscript is now cited at the end of the introduction (line 105-108) as follows: ‘A second
paper in preparation (Van Wambeke et al., in prep) will be dedicated to PDE and PME
distribution within the surface mixed layer in relation to mesoscale variability (cyclones vs
anticyclones) and the progression of the phytoplankton bloom in winter.’

We can provide a draft to the referee upon request.

Finally, we propose to change the title of our article as: ‘Phosphomonoesterase and
phosphodiesterase activities in the Eastern Mediterranean Sea in two contrasted seasonal
situations’

Specific Comments

L62 Describing typical P-diester chemical species found in seawater will be useful for the
upcoming discussion.

The following sentence was added line 67-71: In aquatic environments, typical P-diesters
identified are nucleotides, nucleic acids, and phospholipids coming from microorganism’s
intracellular material (Karl and Bjorkman, 2015), but the methodology used to estimate the P-
diester pool (using also a commercially purified phosphodiesterase enzyme (Monbet et al., 2007;
Yamaguchi et al., 2019)) does not allow to determine the in-situ P-diesters chemical composition in
detail.’

L115 Here the authors said that they obtained “pigment distributions”, but only the
distribution of total chlorophyll a was provided in this article. Describe more accurately or
provide all the results of pigment analyses and discuss them.

We agree. The term ‘pigment distribution’ (line 127) has been removed and replaced by the
term ‘chlorophyll a’

L125 What do the figures with a £ sign mean?

These values present the analytical precision of the method. To avoid confusion, this was
rephrased line 138-141 as: ‘Micromolar nutrient concentrations of nitrate, nitrite and
phosphate were determined by colorimetry (Aminot and Kérouel, 2007) using a segmented
flow analyzer Seal-Bran-Luebbe (AAlIl HR SealAnalytical©), with analytical precision of
0.02 pM, 0.01 uM and 0.01 pM, respectively.’

L141 The species name coli should be written in lower case.

This has been done

L169 Chlorophyll should be written in lower case.

This has been done. We checked all the abbreviations written as ‘Tchla’ in the text and figures

L185 Does this “PRISM” mean a statistic software? Then describe its properties more in
detail.



Yes, it is a statistical software. Its internet link has been added in the revised version as
follows (line 228): “...errors were estimated by non-linear regression (software PRISM
https://www.graphpad.com/features) using the Michaelis-Menten equation....."

L256 Out of these two figures, the former should be from the autumn cruise, but it is not clear
from the text. Make clearer which figure is which.

We are not sure of which figure the referee is referring to. Dealing on Fig. S3, both plots a)
and b) presents October data (in red) and Feb-March data (in black). Both figures have Lpop
in Y axis, so on both of them it is possible to see that in winter, only few data of Lpop are
higher than 25 nM. Stations are however not separated on Fig. S3. On Fig. 4, it is possible to
look at more precisely Lpop data of station 75 (Fig. 4c) and stations 1 13 15 (Fig 4b) in which
some values were > 25 nM.

In case the referee talk about ‘numbers’ cited line 256 and not about ‘plots’, the last sentence
of this paragraph was also modified as: For the whole data set, the fraction of Lpop in DOP
(%Lpop) varied on a large range, from 1.3% to 97%, with a mean of 28% + 18%.

L255 The sequence of the supplementary figure numbers does not match with that of
appearance in the text. Correct it.

If we are not wrong, Fig S1 is cited first (line 206), then Fig. S2 (line 250) then S3 (line 255),
S4 (line 276), S5 (line 277) and S6 (line 279) (line numbers of the version submitted).

L274 More abundant than what?

Sorry, more abundant than in winter. The sentence has been corrected accordingly line 319:
‘In autumn, all picophytoplankton groups were more abundant than in winter’

L280 Including “Nanoeuk” and “crypto” into picophytoplankton groups is not natural.

Yes, sorry for that. The sentence has been corrected lines 324-325 as follows: “In winter,
following mixing/stratification conditions, all phytoplankton groups (Syn, Proc Picoeuk,
Nanoeuk, crypto) as well as Hprok were low and relatively homogeneous...."

1295 The authors use the word “than” here, but I am not sure what and what are compared
here.

The sentence was reformulated (line 342-344) as: ‘After testing a large set of substrate
concentration between 25 nM and 50 UM on some samples, the saturation state was reached
at different concentrations for PME and PDE (Fig. 5).’

L298 Is this figure 33 * 25” the arithmetic average of all the ratios of PME and PDE in the
same subsamples with a standard deviation?

Yes, we calculated the ratios KmPDE:KmPME for the whole data set (i.e., a ratio for each
sample, including both winter and autumn samples) and then calculated the mean of all these
ratios, and the standard deviation corresponding to this mean. To avoid confusion, the
sentence was reformulated (line 347) as: ‘On average for the whole data set, the Km PDE was
33-fold higher than that of the PME (mean + sd : 33 £ 25), however...~
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L319 Are these rates correlated positively or negatively? It would be more informative to
make it clear about that.

Correlation are positive, this adverb was added in the sentence line 371. Note that even if
plots are not shown, the equations are given after the sentence.

L325 The statistical test for a difference in slopes of correlation curves is usually done by F-
test. Additionally, 0.03 is uncommon for the criterion of the level of significance.

Although comparison between slopes can be done using both F- and t-tests (Andrade and
Estévez-Pérez, 2014), in the revised version of the manuscript, we now assess the difference
between slopes using F-test. The results remain the same. Also, we now specify the level of
significance using p < 0.05 (line 377).

L336 Do the authors mean Vi by “maximum rates”?
Yes. To avoid confusion, we now use the term “Vm’ in the revised version (line 388)

L359 As I mentioned in the General Comments, add the discussion from the more detailed
comparison of the present results with those from the other phosphorus limiting areas, with
special emphasis on the differences in environmental conditions, including physical,
chemical, and biological conditions. In addition to such comparisons, the effects of eddy
structures on microbial processes of phosphorus cycling in this area should be examined.

As suggested by the referee we added a comparison of the present results with those from the
other phosphorus limiting areas, with special emphasis on the differences in environmental
conditions. Some sentences were added lines 497-514 as follows: The comparison of this
study with others previously assessing PME and PDE activity rates (Sato et al. 2013,
Thomson et al. 2020) reveals similar patterns. Indeed, in all cases, Vm was on the same order
of magnitude for both phosphatase enzymes and their variability was better explained by DIP
than by DOP or LDOP. This similarity of patterns among oceanic regions occurs despite
contrasting environmental conditions. The Subantarctic waters sampled by Thomson et al.
(2020) are located in a HLNC region rich in macronutrients (DIP ranged 0.5-18 uM) and
poor in trace metals. At the opposite, part of the region covered by Sato et al. (2013) (the
North West Pacific) is not iron-limited but P-limited (Liang et al., 2022), similarly to the
Eastern Mediterranean Sea (Statham and Hart, 2005, Thingstad et al. 2005), although
phytoplankton in the eastern MS can be N+P co-limited and heterotrophic prokaryotes labile
C+P co-limited (Van Wambeke et al., 2002; Thingstad et al., 2005; Tanaka et al., 2011). In the
North Pacific, nitrogen fixation occurs and is mainly expressed by cyanobacterial diazotrophs
like Trichodesmium and Crocospharea (Horii et al., 2023). In the eastern MS, dinitrogen
fixation represents a small contribution to primary production (Rahav et al., 2013) and is
expressed essentially by heterotrophic prokaryotes. Further, these heterotrophs are rather
controlled by organic C availability than by iron (Sisma-Ventura et al., 2019). Finally, it is in
the eastern MS and in the Sargasso Sea that the lowest DIP turnovertimes have been
measured (< 10 h) compared to the South West Pacific (10-100 h) or the North Pacific (90-
1000 h, Moutin et al., 2008 and references therein).

As explained before, we did not develop address the effect of eddy structures in this
manuscript as it is the main focus of a companion paper in preparation.



L377 “always largely” sounds self-contradictory. Which is correct, always (100%) or largely
(>~80%)?

It is always, see the modified sentence below.
L378 What do the authors mean by “best”? What is “good” here (same for L416)

The sentence was reformulated lines 434-436 as: ‘Conversely, in our study, there was no
significant linear correlation between Lpop and DIP (Fig. S3), but our DIP concentration
varied on a lower range (mean + sd 36 +48 nM), and all the data in the ML were below 26
nM.’

L424 Does it mean “From studies where both phosphatase rates were available™?
Yes, thanks, we corrected the word accordingly: ‘From studies where both phosphatases...’

L432 Relationship between what and what? L432 What do the authors compare here with the
ratio Vmpme:Vmppe?

We reformulated the sentence to avoid confusion lines 525-528 as: ‘Over our whole data set,
the ratio Vm PME:Vm PDE was not related to DIP or to the ratio NOx:DIP. Only under
autumn conditions a positive correlation was observed between the ratio Vm PME:Vm PDE
and the ratio NOx:DIP, similarly to what was observed by Thomson et al. (2020).’

L439 What do the authors mean by “effectively”? What is more effective to what?

The sentence was reformulated (lines 534) as: ‘Indeed, NOx:DIP ratio increased within the
DCM layer, associated to higher Vm PME:Vm PDE ratios

L448 “In autumn cyanobacteria switched from...” “Switch” suggests a temporal change from
one state to another, but in this situation, the authors only describe a vertical (spatial) variation
of a plankton community. It sounds misleading.

This part of the discussion was reformulated, see below

L455 Here the authors’ speculation is unclear from the text. Rearrange the discussion line and
make it clear what is suggested from the present results.

This part of the discussion was reformulated, lines 542-571 as follows: ‘During the winter
cruise, multiple regression revealed that Synechococcus and Cryptophyte-like cells explaned
most of the variability of Vm PME and Vm PDE. However, we probably did not determine
accurately the abundances of Prochlorococcus cells by flow cytometry despite the special
setting of the machine used to specifically enhance the detection of this population having
very dim fluorescence in surface, particularly in autumn, when dv-chla was above the limits
of detection in the mixed layer. This is a very common feature already described in the
literature (Mella-Flores et al., 2011; Reich et al., 2022). Therefore, based only on multiple
regression analysis, it is difficult to establish a causal link between phytoplankton groups and
phosphatase activities.



L528 Turnover times should be evaluated by “long” or “short”. The description “high
turnover times” is ambivalent whether the turnover is fast or slow.

We changed the term (line 657) ‘very high’ by ‘long’

Tables. Is there any authors’ intention in providing the results from the cruise PERLE2 in the
upper rows, although this cruise was conducted later and in the figures, the results from this
cruise are provided in the lower panels? It may be confusing.

We modified Table 1, 2, 3, S2, S3, providing PERLEL1 results first.

Fig. S4a. The near-zero abundance of Prochlorococcus in the surface water is not realistic
considering the physical and chemical conditions of the water. | am afraid that very faint
cellular autofluorescence of Prochlorococcus within the well-lit stratified water layer resulted
in failure to detect them by flow cytometry. If any other data based on genomic analyses or
microscopy are available, | recommend the authors to check the validity of these data.
Otherwise, the authors can show some caveats in the materials and methods section. Anyway,
it is a frequently seen situation, and it will not critically affect the discussion in the present
study.

We agree with this comment. Commercially available flow cytometers do not always
completely resolve populations from background noise due to the low fluorescence of surface
Prochlorococcus cells and this has been claimed since a long time ago (Partensky et al.,
1999), and also in the eastern Mediterranean Sea (Garczareck et al., 2007; Mella-flores et al.,
2011). The flow cytometer used was a Facs Calibur (BD) set on 2 different protocols: one for
nano and pico phytoplankton and one specifically designed for Prochlorococcus, the
difference lies on the amplification of the photodetector of red fluorescence signal (873 UA vs
608). We added more precision in the M&M section (lines 189-199) as:

‘Phytoplankton Samples were analyzed according to Marie et al. (2000) protocols using the
FACSCalibur (BD Biosciences ®) of the PRECYM flow cytometry platform
(https://precym.mio.osupytheas.fr/), equipped with a blue (488 nm) laser and a red (634 nm)
laser. Just before phytoplankton analyses, 2 um beads were added as an internal standard
and to discriminate picoplankton (< 2-3 um) and nanoplankton (> 2-3 pum) populations
(Fluoresbrite YG, Polyscience). A Trucount beads (BD Biosciences ®) solution was also
added to the samples to determine the volume analysed. The same sample was acquired twice
using two different settings: the first one to assess picophytoeukaryotes (Picoeuk),
nanophytoeukaryotes (Nanoeuk) and cryptophyte-like cells (Crypto) and the second one,
using a higher amplification of the photodetector of the red fluorescence signal (induced by
chlorophyll), was set to focus on the small size and/or cells with low chlorophyll a
fluorescence, such as Prochlorococcus (Proc) and Synechococcus (Syn). The cell
concentration was determined from both Trucount beads and flow rate measurements.’

To infer higher abundances of Prochlorococcus cell within the surface and subsurface, the use
of in situ hybridization with 16S rRNA-targeted oligonucleotides would help, but
unfortunately this type of measurements is not available for this cruise. Pigments data are
available, and the estimate of dv-chla within the surface layers during PERLEL cruise (in
autumn) were under the limits of detection of the method after filtration of 2.8 L of water
before pigment extraction, whereas abundances of Prochlorococcus determined by cytometry
ranged 600 to 3500 cells per ml. Thus, the abundance data within surface waters un autumn is


https://precym.mio.osupytheas.fr/

supported by the lack of observed dv-chla. When dv-chla concentration was above detection
limits, we plotted the relationship between dv-chla and abundances, the linear regression was
significant (r2=0.69, p < 0.05) and the slope corresponded to 1.53 fg dvchla per cell, i.e. in the
range of values cited by Garzareck et al. (2007) for High Light ecotypes and Low Light
ecotypes (0.93 and 1.84 fg dvChla per cell) in the Mediterranean Sea.

In the discussion section, we added a sentence dealing about the problem of dim fluorescence
of Prochlorococcus cells lines 544-570 as: ‘Further, we probably could not determine
accurately the abundances of Prochlorococcus cells by flow cytometry despite the special
setting of the machine used to specifically enhance the detection of this population having
very dim fluorescence in surface, particularly in autumn, when dv-chla was above the limits
of detection in the mixed layer. This is a very common feature already described in the
literature (Mella-Flores et al., 2011; Reich et al., 2022).

Note that we added also the scientists who analyzed cells by flow cytometry in the author’s
list: Morgane Didry and Christophe Salmeron.
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