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CUPRIAVIDUS - A BACTERIAL GENUS
THAT IS BOTH GOOD AND BAD
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Cupriavidus is a bacterial genus related to Burkholderia, with members that can be negative
or positive for us. Some species can give people serious, and even deadly diseases. Among
the species positive for us is one that can be used for replacing plastic production from fos-
sil oil by a more sustainable method.
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Let us start with an overview of ca 10 species in this genus, of which Mo-
riuchi et al. (2019) have published two genealogies. They are rather similar,
and it is sufficient here to show the one based on 16S rRNA-(ribosomal) genes
(Fig. 1). The phylogeny of the genus Cupriavidus has been published by An-
dam et al. (2007). A simplified and modified version of their tree is presented
here (Fig. 2).

Now comes the sad part of the chapter — it will lighten up further on.
Some species of Cupriavidus can give people serious, and even deadly dis-
eases. Even C. metallidurans, better known in more positive contexts (see be-
low), can make people ill (Langevin et al. 2011). Other species of Cupriavidus
are known only as carriers of illness, such as pneumonia caused by C. gilardii
(Jamwal et al. 2023) and sepsis caused by C. gilardii (Kweon et al. 2020), as well
as an infection caused by an unknown species after implantation of a cardiac
defibrillator (Christensen et al. 2010). A woman who had a device implanted
that provided electrical stimulation for treatment of Parkinson’s disease was
infected by, among other bacteria, C. pauculus (Shenai et al. 2019) and C. paucu-
lus has also caused other human infections (Bianco et al. 2018, Tian et al. 2022);
the latter bacterium was resistant against meropenem and colistin and caused
septic shock. A strain of C. taiwanensis proved resistant against several antibi-
otica (Lopez and Ruiz 2024).

Two species of Cupriavidus have been treated in many more publications
than all other Cupriavidus species together: C. metallidurans has got its name
because of its ability to tolerate high concentrations of heavy metal ions.
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Gold complexes and copper ions “cooperate” as toxins because Au(l/
III)-complexes block export of Cu(I) from the cytoplasm by the copper-efflux
pump CupA. In C. metallidurans the resistance against copper and gold is me-
diated by the periplasmic Cu(I)-oxidase CopA, which acts as an oxygen-con-
suming Au(I)-oxidase (Biitof et al. 2018).

85~ Ralstonia picketti DTP0602(NC_022513.1 4015394-4016931)
Cupriavidus necater AS-1(NZ_JQLI01000003.1 209916-211455)
® Cupriavidus necator NHO(NZ_CP017757.1 1938855-1940392)
Cupriavidus necator N-1T(NC_015726.1 1740984-1742521)
Cupriavidus necator PHE3-8(NZ_LVWN01000084.1 74-1611)
Cupriavidus necator NBRC 102504(NZ_BCZN01000114.1 76-1613)
Cupriavidus sp. SK-4(NZ_JFJW01000221.1 98-1635)
Cupriavidus necator H16(NC_008313.1 3578841-3580380)
ICupn'avjdus sp. OVO096(NZ_FOWMOQ1000024.1 3431-4966)
99! Cupriavidus sp. OV038(NZ_FOKX01000025.1 3431-4966)
Cupriavidus oxalatica LMG 2235T(AF155567.1) j C. oxalatica
Cupriavidus taiwanensis LMG19424T(NC_010528.1 1622837-1624374) ] C. taiwanensis
Cupriavidus nantongensis X1T(NZ_CP014844.1 2409373-2410912) _J C. nantongensis
Cupriavidus alkaliphilus ASC-732T(NZ_FMAD01000025.1 6-1545) _] C. alkaliphilus

A(ITCuptiavidus basilensis 4G11{NZ_CP010536.1 2714914-2716449)
C

C. necator

upriavidus basilensis LMG 18980T(AF312022.1)
Cupriavidus basilensis OR16(NZ_AHJE01000064.1 3350-4885)
57| I Cupriavidus sp. SK-3(NZ_JFJV02000241.1 4148-5683)
Cupriavidus basilensis KF708(NZ_BBQM01000049.1 357-1892)
l-GuprlaVIdus sp. WS(NZ_AQPL01000608.1 310-1845)
_L upriavidus pinatubonensis 1245T(AB121221.1)
%3 Cupriavidus pinatubonensis JMP134(NC_007347.1 3311359-3312898)
ICupnawdus sp. USMAA2-4(NZ_CP017748.1 379143-380680)

C. basilensis

] C. pinatubenensis

Cupriavidus sp. USMAA1020(NZ_CP017754.1 4146012-4147549)

65! Cupriavidus sp. USMAHM13(NZ_CP017751.1 114184-115721)
Cupriavidus metallidurans CH34T(NC_007973.1 3431190-3432729)
Cupriavidus metallidurans Ni-2(NZ_CP026544.1 34358242-3439782)
Cupriavidus sp. SHE(NZ_JWMB01000057.1 345-1884)
Cupriavidus sp. HMR-1(NZ_ANKP01000124.1 3663-5202)
Cupriavidus metallidurans NDB3NO24(NZ_LQAD01000035.1 3663-5202) | ¢ metallidurans
Cupriavidus metallidurans NBRC 101272(NZ_BCZO01000040.1 403-1942)
Cupriavidus metallidurans H1130(NZ_AXBU01000001.1 3663-5202)
Cupriavidus metallidurans NA1(NZ_JFZD01000042.1 403-1942)
Cupriavidus metallidurans NA4(NZ_JFZE01000060.1 3661-5200)
Cupriavidus sp. YR651(NZ_FMYZ01000040.1 3685-5222)
58 Cupnavidus pauculus UM1(NZ_PJRP01000002.1 4()582-42119)
Cupriavidus sp. D384(NZ_BBQI01000113.1 227-1764)
Ralstonia sp. 25mfcol4.1(NZ_FNJOQ1000044.1 262-1799)
Cupriavidus sp. BIST(NZ_ALOU01000103.1 140-1677)
Cupriavidus pauculus KF709(NZ_BBQN01000185.1 324-1863)
351 Cupriavidus paucula LMG 3244T(AF085226.1) ] G- pauctsus

58, Cupriavidus gilardii CR3(NZ_CP010516.1 1463110-1464644)

Cupriavidus gilerdii LMG 5886T(AF076645.1) C. gilardii
Cupriavidus sp. HPC(LYNZ_AMPR02000205.1 286-1820) )
91 Cupriavidus gilardii JZ4(NZ_LVXY01000022.1 3664-5198)

Fig. 1. Overview of the genus Cupriavidus based on rRNA-genes according to Moriuchi et

al. (2019). Republished under the terms of the Creative Commons Attribution License (CC

BY). Slightly different versions, also based on 16S rRNA-genes, have been published by
Kweon et al. (2020) and Kugler et al. (2022)
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Resistance against uranium is mediated by a periplasmatic protein, PrsQ,
(Mijnendonckx et al. 2023).

Let us now concentrate on the hydrogen gas consuming C. necator, also
known under the name Ralstonia eutropha, which in an efficient way uses car-
bon dioxide as the only source of carbon, hydrogen as electron donor (reduct-
ant), and molecular oxygen as electron acceptor (oxidant) (Lambauer et al.
2023). Surplus carbon dioxide is stored as poly-(R)-3-hydroxybutyrate, which
can be used for production of plastic. A disadvantage is that the bacterium is
to be fed with an almost explosive mixture of carbon dioxide, hydrogen and
oxygen gases.

The possibility to use a suitable strain of C. necator for replacing plastic
production from fossil oil by a more sustainable method has also been ex-

- CMP2, CMP52, CMP60

ol . 1 Cupriavidus Tpud27.6, MApud8.1
.1 submfuuom
parsie Cupriavidus Tpig.6a

Cupriavidus MApud10.1
Cupriavidus MApud3.4

C. taiwanensis LMG19424 AJ505311
LMG19425 AJ505304
L Burkholderia caribensis TJ182
AJ505309

Cupriavidus taiwanensis PAS15
AY752964

[ Burkholderia Br3469 AY533873
L — Burkholderia phymatum STM815 AJ505318

Burkholderia mimosarum MAP3-5 AY533869, PAS44 AY883419
4Erkholden‘a Br3454 AY533870
Burkholderia nodosa Br3461 AY533871
Burkholderia tuberum STM678 AJ302315
_|_— Methylobacterium nodulans AF266748
{ Bradyrhizobium japonicum NC004463
Bradyrhizobium elkanii AJ300251

Mesorhizobium loti BA000012

Mesorhizobium ciceri AJ300247
Sinorhizobium fredii DQ060002
Rhizobium etli CP000138

Rhizobi; J X87578

&sGICE

| Sinorhizobium meliloti AF038577

Rhizobium legumii um AM236084
Sinorhizobium saheli AJ300227

Fig. 2. Phylogeny of Cupriavidus and Burkholderia. The names do not quite match how the
bacteria are related. According to the phylogeny, Burkholderia caribensis should be combined
in Cupriavidus. The tree is a modified and simplified version based on Andam ef al. (2007)
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plored by Morlino et al. (2023). This species can also be used for manufacture
of other products from carbon dioxide (Pan et al. 2021). The relationships of
Cupriavidus are shown in Figure 2.
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