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Letter to the Editor
Not all lipids in xylem conduits are artefacts. A reply to Yamagishi et al.
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The paper by Yamagishi et al. (2021) represents an interesting study on the distribution and formation of incrustations on
intervessel pit membranes in angiosperm wood, which have been reported in a wide range of species. The authors present
clear and convincing evidence that the incrustations or coatings on pit membranes represent neutral lipids such as triacyl-
glycerols, and are formed during dehydration of wood samples either as an artifact of drying or possibly as a process that
could also occur in non-functional conduits of living plants. We are excited to see that lipids in xylem conduits were exam-
ined in detail by the authors and that novel methods such as time-of-flight secondary ion mass spectrometry were applied.
We also hope that these authors or other research groups will follow up on the findings in future work.

As mentioned in the paper, lipids of pit membrane incrustations (PMIs) in dried samples cannot be compared to
amphiphiliclipids found in hydrated xylem samples. However, the authors made a few omissions and unfortunate statements
that could easily be misinterpreted by readers, which could lead to confusion and misinformation. Our major comment is
that a clear distinction must be made between the neutral lipids studied, and polar, amphiphilic lipids such as galactolipids
and phospholipids, which are more abundant in xylem of most species than neutral lipids (with the exception of fat-storing
species) (Schenk et al. 2021). Unfortunately, the title and abstract of the paper do not specify that only neutral lipids were
studied, which could create a false impression for readers who do not read beyond the abstract that the findings apply to
polar lipids in xylem conduits as well.

There is strong and solid evidence based on careful mass spectrometry analyses and visual evidence based on confocal
microscopy that most of the lipids in xylem conduits of hydrated samples are polar lipids (Schenk et al. 2017, 2018, 2021). We
are well aware that earlier studies on xylem sap chemistry may have suffered from xylem sap contamination by livings cells
(parenchyma or living fibres) (Schurr 1998). For this reason, it is essential in xylem sap extractions from stems to investigate
contamination control samples, such as 1 ml of pure water exposed to a high-pressure-cleaned cut open stem surface for 1
minute as well as testing for potential contamination from cut cells at the other end of a stem (Schenk et al. 2017, 2021).

We disagree with the authors’ statement that “. .. changes in the distribution of amphiphilic lipids would still require atten-
tion because they are usually fluid at room temperature.” First, careful analyses of control samples showed that amphiphilic,
polar lipids do not represent contamination artefacts of xylem sap (Schenk et al. 2017, 2021). Secondly, it is misleading to
refer to amphiphilic lipids as fluid. In an aqueous environment, such lipids with hydrophilic heads and hydrophobic tails
form bilayers and micelles (Marsh & King 1986). Lipid molecules can move within these structures, but a micelle is a particle,
not a fluid. Because pit membranes are known to have smaller pore sizes than previously thought (Zhang et al. 2020; Kaack et
al. 2020, 2021), amphiphilic lipid micelles will aggregate on and in pit membranes and typically not move across them. Unlike
the neutral lipids observed in this paper, polar lipids likely originate from cytoplasmic remnants of vessel elements before
these were hydrolysed (Esau et al. 1966; Schenk et al. 2021).

The paper by Yamagishi et al. (2021) provides an important advance by clarifying the nature of pit membrane coatings seen
in some species and creates new questions about the origin of these neutral lipids and possibly their function if the same
processes were to be found in living xylem. The findings also confirm once again that research on pit membrane structure
and function must be conducted with hydrated, never-dried xylem samples, as done in recent research on polar lipids in
xylem conduits and the ultrastructure of pit membranes (Schenk et al. 2017, 2018, 2021; Kotowska et al. 2020; Sorek et al.
2020; Thonglim et al. 2020; Zhang et al. 2020).
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