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The genus Crossiella contains two species, C. equi, causing nocardioform placentitis in horses, and C. cryophila,

an environmental bacterium.
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| 1. Introduction

“Rare actinobacteria” are non-Streptomyces actinobacteria whose isolation frequency is much lower than
Streptomyces strains, commonly isolated by conventional methods 2. Tiwari and Gupta Bl reported 120 new
genera of “rare actinobacteria” in the first decade of the 21th century. A total of 40 out of 120 genera were isolated
from soils, with comparatively lower percentages from other environments: marine and freshwater sediments,
marine animals, plants, buildings, etc. A few reports included the rare genera Actinomadura, Nonomuraea,
Micromonospora, Streptosporangium, Nocardiopsis, and Pseudonocardia as the most frequent in diverse
environments BIEITBIE |t js noteworthy an abundance of “rare actinobacteria” in extreme environments, as
exemplified in Atacama @ and other deserts RALUNI213] However, Crossiella has not been included among “rare
actinobacteria” thus far. Researchers have found that Crossiella is an abundant genus in most studied Spanish
caves, whether they are gypsum, karstic or volcanic [24ILSIIGIL7II8IN2021] and in other terrestrial and aquatic

environments.

| 2. The Genus Crossiella in Caves

The genus Crossiella contains two species, C. equi, causing nocardioform placentitis in horses, and C. cryophila,
an environmental bacterium. Table 1 shows the occurrence of Crossiella in different Spanish caves. The high
relative abundance of this genus is in moonmilks (Figure 1), either from karstic (Pindal) or volcanic (Fuente de la
Canaria and Bucara Il) caves, as well as in colored biofilms (Pindal, Altamira, Castafiar, Covadura, Yeso) [LZ[28I19]
[2021] and unpublished data]. The relative humidity is near 100% in these caves. In addition, other
mineral/biological formations, such as a pink formation in Bucara II, exhibit high relative abundance (38.9%).

Similarly, formations such as mucous formations or brown deposits also reach relatively high abundances (6.7-

https://encyclopedia.pub/entry/45605 1/9



Crossiella in Caves | Encyclopedia.pub

12.8%) [19]. Interestingly, low percentages of Crossiella found in the sediments under the moonmilk indicates an

aerobic behaviour for this genus 22, Crossiella was also found in phototrophic biofilms from Nerja Cave 22,
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Figure 1. Scanning electron micrographs of moonmilk deposits in Pindal Cave, Spain. a) Longitudinal view of
sediment covered by moonmilk. b-c) Crystalline calcite fibers (red arrow) and Actinomycetota filaments (blue
arrow). d) Scanning electron micrographs and EDX spectra of crystalline calcite fibers. Note the swelling of

filaments in c), similar to those reported for Crossiella cryophila 22,

Table 1. Occurrence and relative abundance (>1%) of Crossiella in Spanish karstic environments, as reported in

next-generation sequencing (NGS) studies.

Cave Relative Abundance Genus Type of Sample References
Pindal 16.0-27.1 Crossiella Moonmilk (Leya8)21]
1.4-1.7 Crossiella  Sediment under moonmilk
11.3-11.7 Crossiella Top-layer sediments
6.0-9.0 Crossiella Sediments
5.3-7.9 Crossiella Yellow biofilm
2.0-8.0 Crossiella Grey biofilms
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Cave Relative Abundance Genus Type of Sample References
7.0-8.0 Crossiella Pink biofilms
12.6-12.8 Crossiella Mucous formations
Fuente de la Canaria 12.3 Crossiella Moonmilk 19
6.7 Crossiella  Brown and yellow deposits
38.9 Crossiella Pink deposit [19]
Bucara 24.9 Crossiella Moonmilk
Nerja 0.1-1.5 Crossiella Phototrophic biofilms (201
Castafar 15.0 Crossiella Grey biofilm [21]
>20.0 Crossiella Grey biofilms
Altamira 27.0 Crossiella White biofilms 23
38.0 Crossiella Yellow biofilms
26.4-54.1 Crossiella White biofilm
Covadura 21.8-51.9 Crossiella Yellow biofilm Unpublished data
45-19.7 Crossiella Sediments
Yeso 1.3-13.3 Crossiella Sediments Unpublished data
Thvssen Museum 16.6 Crossiella White biofilm
ybasemen i 64.2 Crossiella Grey biofilm 4]
28-74 Crossiella Sediment

Crossiella, at a relative abundance of 15.0% for was found in grey biofilms from Castafiar Cave 21 Similar grey
biofilms were observed in Altamira Cave 22 and the Thyssen Museum, reaching a relative abundance of 64.2%
24 pata from a geomicrobiological study of a Roman Nymphaeum located in the archaeological basement of

Thyssen Museum, Malaga, Spain, were also included in Table 1 due to its interest.

The environmental conditions of this archaeological basement are special because they mix the characteristics of
an environment heavily influenced by the natural underlying karst system with those of an enclosure located in a
urban building. Apart from caves, it was remarkable that a subterranean environment, the Roman mortar pavement
of the archaeological basement, was colonized by grey biofilms with a high relative abundance of Crossiella. This

environment is characterized by permanent darkness, absence of visits and high relative humidity.

Table 1 shows the occurrence of Crossiella in moonmilks, grey, yellow, pink and white biofilms, and sediments
from different caves and subterranean environments. Crossiella is abundant in different types of rocks, either in
volcanic (Fuente de la Canaria, Bucara 1), karstic (Pindal, Nerja, Castafiar, Altamira) or gypsum (Covadura, Yeso)

caves.
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In addition to the studies in Table 1, authors have reported the occurrence of Crossiella using methodological
approaches other than NGS. Stomeo et al. 28 found metabolically active Crossiella in white biofilms from Ardales
Cave, Malaga, Spain; Portillo and Gonzalez 28] identified Crossiella as the major metabolically active bacterium in

the black crust of a shelter located in Aragon, Spain, and Sanchez-Moral [Z reported Crossiella in Altamira Cave.

Table 2 shows the wide occurrence of Crossiella in caves in the USA, France and China. Less frequent records

were found in caves in Italy, Pakistan, Portugal, Serbia and Thailand, among other countries [28l2][301[31](32][33]34]
[35][36][37][38][39][40][41][42][43][44][45][46][47][48][49][50]

Table 2. Occurrence and relative abundance (>1%) of Crossiella in caves all over the world.

Karstic Caves Relative Abundance% Genus Type of Sample (Method) References

Heshang n.d. Crossiella Weathered rocks (NGS) (28]
Laugerie-Haute 4.0 Crossiella Salt efflorescences (clones) [29]
Sorcerers 30.0 Crossiella Salt efflorescences (NGS) [20]
Pillier n.d. Crossiella Wall rock (NGS) [21]
Yixing Shanjuan 3.9 Crossiella Speleothem (NGS) (22]
Shuanghe 9.5 Crossiella Rock (NGS) 23]
Manao-Pee 4.1 Crossiella Soil (NGS) (24]
KN14 27.1-52.3 Crossiella Rock/Clay (NGS) (5]

RN5 1.0-17.9 Crossiella Rock/Clay/Mud (NGS) (5]
Maijishan Grottoes n.d. Crossiella Walls paintings (NGS) [26]
Heshang n.d. Crossiella Weathered rocks (NGS) (27]
Kashmir and Tiser 11.9-36.6 Crossiella Soil (NGS) (28]
Zhijin 4.1 Crossiella Wall rock (NGS) (29]
Rouffignac ~70.0 Crossiella Wall rock (NGS) (49]
Stiffe 9.9 Crossiella Biofilms (NGS) (41]
Heshang n.d. Crossiella Weathered rocks (NGS) [42]
Cave Church 0.1-4.9 Crossiella Fresco (NGS) [43]

Volcanic Caves
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Karstic Caves Relative Abundance% Genus Type of Sample (Method) References

Azorean caves 18.6 Crossiella Biofilms (clones) (44]
Hawaiian caves n.d. Crossiella Biofilms (NGS)
Californian caves n.d. Crossiella Biofilms (NGS)
Idahoan caves n.d. Crossiella Biofilms (NGS)
Sicilian caves 62.5-77.6 Crossiella Biofilms (NGS)
Other Cave Types
: [49]
Carlsbad Cavern n.d. Crossiella Rocks (clones)
Imawari Yeuta n.d. Crossiella Patina/Speleothems (NGS)

n.d. Not determined.

Apart from the high abundance in Spanish caves, the high relative abundance of Crossiella in Italian caves is also

remarkable. In this regard, Nicolosi et al. 48] recorded high relative abundances in four Etna volcano caves. One of

them ranged from 62.5 to 77.6%. Other notable abundances were found in the salt efflorescence of a French
shelter B9 and in caves in the USA B3, France 49, pakistan £8 and the Azores, Portugal 44,
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