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The manuscript by Besseling et al. describes the distribution of archaeal intact po-
lar tetraether lipids and their covariation with archaeal 16S rRNA genes in the Ara-
bian Sea. Given the ever-expanding diversity of uncultivated archaea discovered by
next-gen sequencing, “next gen” lipidomics techniques such as UHPLC-high-resolution
mass spectrometry techniques need to be further developed and applied to allow lipid
source assignments that in turn will improve the use of intact polar lipid biomarkers and
improve our understanding of the mechanisms of, and problems with, proxies such as
TEX86. The high-throughput sequencing methods used by the authors are state of the
art. However, the methodology for intact polar lipid analysis employed by the authors
is sub-par. While I agree that the use of high-resolution mass spectrometry represents
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a significant improvement over previous analyses on the same samples, the chromato-
graphic method used by the authors does not satisfy this potential. In fact, I have
reason to believe that the results of this study are severely flawed by the choice of
chromatographic method. Thus, I cannot recommend publication of this work in Bio-
geosciences in the current form.

I urge the authors to re-analyze their data using more appropriate reversed phase
HPLC-MS methods. Previous studies have shown that diol column HPLC-MS and
other normal phase methods lead to severe underestimation of the abundances of
glycosidic GDGTs (Wörmer et al., 2013; Zhu et al., 2013). This would explain the
unusually high abundances of HPH-GDGT reported in the present study and the lack
of other ubiquitous compounds such as hydroxylated and unsaturated GDGT (Liu et
al., 2012; Zhu et al., 2014b) and BDGT/PDGT (Becker et al., 2016; Meador et al.,
2015; Zhu et al., 2014a). Alternatively, re-analysis of the samples along with authentic
standards would help to correct for different ionization efficiencies based on headgroup
types. If the authors did perform such a correction (and if they did not do this) they need
to acknowledge this in the methods and discussion sections.

Judging from the supplementary spreadsheet, the authors may have considered a
wider range of archaeal lipids, not exclusively traditional intact polar tetraethers, than
reported in the manuscript. If so, where are these data? However, it is questionable if
this comprehensive analysis is possible with the author’s choice of chromatography. A
more comprehensive analysis of the archaeal lipidome (e.g., by analyzing intact polar
archaeols including core lipid structural modifications) in these samples would enhance
source assignments and comparison to previous studies (Meador et al., 2015; Yoshi-
naga et al., 2015), and provide new biomarkers or source assignment for groups such
as MCG and Woesearchaeota. This analysis would then satisfy the author’s conclusion
that the known diversity of archaeal IPLs was significantly expanded.

Further, because the authors used a column different from the one described in their
method reference, the suitability of the chromatography for IPL analysis cannot be as-
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sessed. The authors should provide annotated TIC or EIC traces for representative
samples in supplementary figures. Importantly, the type of chromatography used here
does not provide chromatographic separation of IPLs by core lipid type (e.g., GDGT-0,
GDGT-1), but the way the authors present their data implies the contrary. If the differ-
ent core lipid types of each IPL co-eluted in their analyses, the relative abundances
reported would be questionable. At the very least the authors would need to do an
isotope peak correction and then report in detail how this was done (correction factors
for each IPL-core lipid combination). It would be much better to use a method than can
actually chromatographically separate IPL-GDGTs by core lipid structure (Zhu et al.,
2013). Additionally, the method used for this study likely cannot distinguish between
the core lipid crenarchaeol and it’s regioisomer. However, crenarchaeol more abundant
than the regioisomer in MH GDGT and HPH GDGT but lower than its regioisomer in
DH GDGT in thaumarchaeal cultures (Elling et al., 2017). This limitation needs to be
addressed either by using a different chromatographic method or at least by discussing
this issue in the manuscript.

Given these fundamental limitations, major parts of the methods, results, and discus-
sion sections need to be revised. However, HPLC-MS (re-)analysis with a different
method could be achieved within a day or two, given that the current study only includes
8 samples. I hope that the authors will agree that this approach has the potential to
greatly expand the significance of their work with only moderate additional effort.

Other comments: Line 27: DeLong et al. report only on Antarctic samples. You may
want to choose a reference that discusses a more diverse set of environments (e.g.
DeLong and Pace, 2013; Schleper et al., 2005) or a collection of references e.g., (De-
Long, 1992; Fuhrman et al., 1992; Teske and Sørensen, 2008).

Line 31: Lloyd et al. only provide data on two archaeal groups. You may rather cite a
paper that actually discusses archaeal diversity, such as Teske and Sørensen (2008)
or Teske (2013) some of the more recent literature, e.g., Hug et al. (2016) or Spang et
al. (2017).
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Line 40-42: What are the metabolisms of the other archaeal groups?

Line 59-61: What about the Lincoln et al. (Lincoln et al., 2014) paper?

Line 86: Why was this standard added? Was it used for any correction?

Line 90: Specify the modifications.

Line 159-161: Two DH isomers were also reported earlier by Elling et al. (2014; 2017).

Line 166-171: Did you detect crenarchaeol regioisomer? If not, why not? Co-elution
with crenarchaeol? This should be pointed out here or elsewhere.

Line 172-173: The way the % values are used in this section is very confusing
(. . .37.6% of 36.6%) etc. It could help to provide a further table in addition to Table
2 that shows the samples arranged by depth or headgroup type instead of sorting by
core GDGT type.

Line 196: What does “p=1.00” represent?

Line 254-260: How were the transcripts analyzed? I did not find this information in the
methods section. How long were the samples stored before analysis?

Line 270-274: This sentence is a bit long and complex. Revise?

Line 281: “Differences”?

Line 297: Rather “overlying”?

Line 319-321: Could you point out whether there is any evidence for the occurrence
of Woesearchaeota in the water column and whether you would expect this group and
the other archaeal groups to be present in oxic vs. anoxic environments (or both).

Line 353-357: I disagree with the statement that the diversity of detected (detectable)
IPLs was greatly enhanced by this study. There are two IPL types described in addi-
tion to those reported by (Lengger et al., 2012). However, the diversity of IPL-GDGTs
reported by previous studies is much higher, e.g. Yoshinaga et al. (2015), with re-
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spect to both the headgroup types as well as the structural modifications in the core
lipid such as hydroxylation, unsaturation, methylation, monoalkylation, trialkylation, or
substitution of glycerol with butanetriol or pentanetriol. Many of these would likely be
detectable in the presented samples using different methods.

Line 359-360: GDGT-0 and crenarchaeol are also dominant core lipids of MH-GDGT
in Thaumarchaeota (Elling et al., 2014; Elling et al., 2015; Elling et al., 2017; Schouten
et al., 2008). MH-GDGT also appears to be the dominant membrane lipid in many
Thaumarchaeota. Also, how does your interpretation fit to the results of Lincoln et al.
(2014) who suggested production of crenarchaeol by other archaeal groups?

Line 360: Qin et al. did not study IPLs. A more appropriate reference would be Elling
et al. (2017).

Line 360-363: I am quite confident that the predominance of HPH-GDGTs in the sed-
iment is an artifact of the chromatographic method that results in severe underesti-
mation of MH-GDGT (and potentially DH-GDGT) relative abundances. However, the
notion that higher HPH-content relates to higher activity was also supported by culture
studies (Elling et al., 2014).

Line 363: Neither Harvey et al. or Schouten et al. discuss HPH IPLs and do not provide
any experimental evidence for degradation rates of HPH versus MH or DH or any other
GDGT IPL types. Rephrase.

Line 369-371: Do you think these fossil IPLs extracellular or intracellular (Braun et
al., 2016)? Is some of the DNA also fossil? Would the DNA be preserved differently
(degradation rates) than the IPLs and how would this affect the interpretation of your
results?

Line 372-373: How did the 0/crenarchaeol ratio change for the anoxic sites? If they
change in a similar way, does that point to different sources of 0 versus crenarchaeol
or to accumulation of fossil IPLs?
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Line 380: Typo. “Acid hydrolysis”

Line 384-386: You should discuss here or elsewhere that some cultures exist from
the Thermoplasmatales cluster, although most clades remain uncultivated. E.g. there
are many (acidophilic, thermoacidophilic) Thermoplasmatales cultures for which lipids
have been analysed and all of them produce GDGTs. Further, the recently cultivated
Methanomassiliicoccales (closely related to the uncultivated TMEG group) have been
shown to produce IPL-GDGTs such as MH-GDGT-0 (Becker et al., 2016). It is thus very
likely that the rest of the uncultivated Thermoplasmatales-like archaea can produce
GDGTs.

Line 388: The way these papers are referenced is highly misleading. Four of the
five references do not relate to Woesearchaeota and the inference of Villanueva et al.
(2017) that Woesearchaeota do not produce GDGTs is circumstantial at best without
knowledge of the actual GDGT biosynthetic pathway. Rephrase.

Line 392-394: Becker et al. (2016) showed that BDGTs are detectable in a globally
distributed set of marine sediments. It is therefore likely that these compounds would
be present in your samples. I suspect that you would detect these compounds using
different chromatographic conditions. Recently, Thermoplasma-related methanogens
(Methanomassiliicoccales) have been identified as a source of BDGTs in the environ-
ment (Becker et al., 2016). Meador et al. (2015) also identified further phosphatidic
and MH, DH-GDGTs in MCG-rich samples. Could the MCG be sources of these com-
pounds in your samples?

Line 416: As stated earlier, DH-GDGT-0 isomers have been detected in Thaumar-
chaeota (Elling et al., 2014; Elling et al., 2015).

Line 422: Typo. “sediments”

Line 423: Also Elling et al. (2014).

Line 430: Please provide experimental evidence for the “recalcitrant nature of glyco-
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sidic bonds”.

Line 433-434: Again, very misleading references, as in Line 388. These works do not
discuss the GDGT lipid biosynthetic pathway. Delete the sentence or rephrase.

Line 435: I disagree: Could you please specify how the source assignment of IPL-
GDGTs has been improved?

Figure 1: It would be very helpful to have another set of two plots (surface, subsurface)
next to A and B that shows summed IPLs by headgroup type or a synthesis of the data
in Table 2.
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