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Abstract: Dimorphic prosthecate bacteria (DPB) are a group of prokaryotes that reproduce through
asymmetric division, producing two morphologically and functionally highly differentiated
daughter cells. This unique lifestyle strategy endows them with a competitive advantage in nutrient-
poor environments and makes them ideal models for studying bacterial developmental regulation,
morphological evolution, and ecological adaptation. This review systematically summarizes the
research progress in DPB in terms of their taxonomy, molecular mechanisms of lifestyle regulation,
extensive ecological distribution, and environmental adaptation strategies. Additionally, it discusses
the application potential of DPB in environmental remediation and biotechnology. Finally, this
review makes an outlook on future research directions, aiming to provide a reference for deeply
understanding the biological characteristics of these bacteria and expanding their application value.

Keywords: dimorphic prosthecate bacteria; lifestyle; ecological distribution; environmental

adaptation; biotechnology application
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Table 1 Taxonomic characteristics of dimorphic prosthecate bacteria
Order Genus Species Mode of Source Growth Growth  Growth NaCl
division temperature pH (optimal)/
(optimal)/°C(optimal) (g/L)
Caulobacterales Caulobacteraceae  Asticcacaulis Asticcacaulis BIN Soil 4-28 4.5-8.0 0-20 (ND)
benevestitus (15-20) (5.6-6.0)
Asticcacaulis BIN Freshwater 30 (ND) ND (ND) ND (ND)
biprosthecius
Asticcacaulis BIN Soil 7-33 6.0-10.0 0-10 (ND)
endophyticus (25-28) (7.0-8.0)
Asticcacaulis BIN Freshwater 10-40 (ND) ND (ND) ND (ND)
excentricus
Asticcacaulis BIN Soil 10-37 4.5-9.5 0-10(ND)
solisilvae (25-30) (5.0-7.0)
Asticcacaulis BIN Freshwater 30 (ND)  ND (ND) 0-20 (ND)
taihuensis
Brevundimonas  Brevundimonas — BIN Ocean 2-41(20) 6.5-10.0 10-40(15)
abyssalis (7.5)
Brevundimonas ~ BIN Soil 30(ND)  ND (ND) 0-80 (5-20)
alba
Brevundimonas  BIN Alga 30 (ND) ND (ND) 0-80 (5-20)
aurantiaca
Brevundimonas ~ BIN Activated 15-35(30) 6.0-9.0 0-10(5)
aveniformis sludge (8.0)
Brevundimonas ~ BIN Freshwater 30 (ND)  ND (ND) 0-80 (5-20)
bacteroides
Brevundimonas ~ BIN Freshwater 10-45 7.0-10.0 0-10 (0-10)
balnearis (20-30) (8.0-9.0)
Brevundimonas ~ BIN Soil 15-37(30) 6.0-8.0 0-50 (ND)
canariensis (7.0)
Brevundimonas  BIN Ocean 8-30(25) 6.0-10.0 10-30 (10)
denitrificans (7.0-8.0)
Brevundimonas ~ BIN Freshwater 30 (28) ND (ND) ND (ND)
diminuta
Brevundimonas ~ BIN Freshwater 10-40 (30) ND (ND) 0-40 (30)
goettingensis
Brevundimonas ~ BIN Freshwater 10-40 ND (ND) 0-80 (5-30)
halotolerans (20-30)
Brevundimonas ~ BIN Freshwater 30 (ND)  ND (ND) ND (ND)
intermedia
Brevundimonas  BIN Activated 20-40 (25) ND (ND) 0-40 (17.5)
poindexterae sludge
Brevundimonas ~ BIN Activated 10-40 (30) ND (ND) 5-30 (17.5)
staleyi sludge
Brevundimonas  BIN Freshwater 30 (ND) ND (ND) 0-20 (20)
subvibrioides
Caulobacter Caulobacter BIN Freshwater 4-32 (30) 6.0-9.0 0-10 (ND)
daechungensis (7.0)
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Order Family Genus Species Mode of Source Growth Growth  Growth NaCl
division temperature pH (optimal)/
(optimal)/°C(optimal) (g/L)
Caulobacter flavus BIN Soil 10-37 5.0-10.0 0-20 (ND)
(28-30) (7.0)
Caulobacter BIN Freshwater 30 (ND) ND (ND) ND (ND)
fusiformis
Caulobacter BIN Soil 20-30 (25) 5.5-8.0 0-10 (ND)
ginsengisoli (6.5-7.0)
Caulobacter BIN Freshwater 30 (ND) ND (ND) ND (ND)
henricii
Caulobacter BIN Freshwater 4-30 6.0-9.0 10-50 (ND)
profundus (25-30) (7.0)
Caulobacter BIN Soil 10-30 (ND) 6.0-9.0 0-10 (ND)
rhizosphaerae (ND)
Caulobacter BIN Soil 30 (ND) ND (ND) ND (ND)
segnis
Caulobacter BIN Freshwater 30 (ND) 5.0-10.0 0 (ND)
vibrioides (ND)
Phenylobacterium Phenylobacterium BIN Freshwater 20-40 (ND) 7.0-9.0 0-10 (5)
conjunctum (8.0)
Terricaulis Terricaulis BUD  Soil 10-30 (27) 6.1-8.3 0 (ND)
silvestris (6.5-7.9)
Hyphomonadales Hyphomonadaceae Hyphomonas Hyphomonas BUD  Ocean ND (25-37) ND 15-120
adhaerens (5.7-8.7) (ND)
Hyphomonas BUD Ocean 10-37 5.0-9.0 5-120
atlantica (25-37) (6.0-8.0) (5-70)
Hyphomonas BUD Ocean 4-37 5.0-8.0 5-120
beringensis (25-30) (6.0-9.0) (5-70)
Hyphomonas BUD Ocean 10-37 6.0-9.0 0-150
chukchiensis (25-30) (6.0-8.0) (0-70)
Hyphomonas BUD  Ocean 4-37 5.0-10.0 0-70 (0-30)
hirschiana (25-30) (6.0-8.0)
Hyphomonas BUD  Ocean 4-37 6.0-10.0 0-70 (0-30)
Jjannaschiana (25-30) (6.0-8.0)
Hyphomonas BUD  Ocean 4-37 6.0-9.0 5-90 (5-70)
johnsonii (25-30) (6.0-8.0)
Hyphomonas BUD  Ocean 4-37 5.0-10.0 0-120
neptunium (25-30) (6.0-8.0) (5-70)
Hyphomonas BUD  Ocean 4-37 3.0-10.0 20-150
oceanitis (25-30) (5.0-7.0) (5-70)
Hyphomonas BUD  Ocean 4-37 5.0-9.0 0-90 (0-30)
polymorpha (25-30) (6.0-8.0)
Hyphomonas BUD  Ocean ND (25-45) 5.7-8.9  10-20 (ND)
rosenbergii (ND)
Asprobacter Asprobacter BUD  Freshwater 15-37 (30) 7.0 (ND) 0-10 (ND)
aquaticus

(5%)
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Order Family Genus Species Mode of Source Growth Growth  Growth NaCl
division temperature pH (optimal)/
(optimal)/°C(optimal) (g/L)
Henriciella Henriciella BIN Alga 10-40 6.0-9.0 5-100
algicola (20-40) (ND) (20-100)
Henriciella BIN Ocean 10-40 6.0-9.0 5-100
barbarensis (20-40) (ND) (20-80)
Hirschia Hirschia baltica BUD Freshwater ND (22-28) 7.0 (ND) ND (ND)
Hirschia litorea  BUD  Ocean 4-37(25) 5.5-8.0 5-70(20)
(7.5)
Hirschia maritima BUD ~ Ocean 10-30 (30) 6.1-10.1 10 (ND)
(8.1-9.1)
Ponticaulis Ponticaulis BIN Ocean 10-42 6.1-10.1 0-60 (ND)
koreensis (30-37) (7.1)
Maricaulales  Robiginitomaculaceae Robiginitomaculum Robiginitomaculum BIN Ocean 3-25(20) 5.0-10.0 5-50(22.5)
antarcticum (7.0)
Hellea Hellea BUD  Ocean 15-37 (30) 6.0-8.0 0.2-50(30)
balneolensis (7.0)
Litorimonas Litorimonas BIN Alga 4-35 5.5-10.0 10-50
cladophorae (25-28) (7.5) (15-20)
Litorimonas BIN Ocean 4-34 4.5-10.0 5-95 (35)
haliclonae (20-34) (7.5)
Litorimonas BUD Soil 15-40 6.0-9.0 10-60
taeanensis (25-30) (7.0-8.0) (20-30)
Algimonas Algimonas BIN Alga 10-30 (20) 6.0-9.0 10-50
porphyrae (7.5) 25)
Algimonas BIN Alga 10-30 (20) 6.0-9.0 10-50 (30)
ampicilliniresistens (7.0)
Algimonas arctica BIN Soil 4-30 (25) 5.0-9.0 5-60
(7.0-8.0) (20-30)
Fretibacter Fretibacter BUD  Ocean 15-30 (30) 6.0-10.0 30-50 (30)
rubidus (8.5)
Maricaulales  Maricaulaceae Alkalicaulis Alkalicaulis BIN Freshwater 5-46 7.3-10.3 0-140
satelles (35-40) (8.0-9.0) (20-60)
Glycocaulis Glycocaulis abyssi BIN Ocean 15-35 6.0-8.0 20-100 (40)
(30) (7.0)
Glycocaulis albus BIN Soil 15-40 7.0-8.6 10-50
(25-37) (8.0) (10-30)
Glycocaulis BIN Freshwater 20-37 8.0-10.0 10-50
alkaliphilus (30-37) 9.0) (10-50)
Hyphobacterium Hyphobacterium BIN Ocean 10-45 (30) 6.5-9.0 10-60
vulgare (7.5-8.5) (10-20)
Hyphobacterium BIN Ocean 10-40 (28) 5.0-8.0 10-60

indicum

(6.0-7.0) (20-30)
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Order Family Genus Species Mode of Source Growth Growth  Growth NaCl
division temperature pH (optimal)/
(optimal)/°C(optimal) (g/L)
Maricaulis Maricaulis maris BIN Ocean 15-35 6.0-8.0 0-100
(20-25) (7.0) (20-60)
Maricaulis BIN Ocean 10-50 ND (ND) 5-100
parjimensis (30-40) (20-80)
Maricaulis BIN Ocean 10-50 7.0 (ND) 0-80
salignorans (30-40) (20-60)
Maricaulis BIN Ocean 10-20 7.0 (ND) ND (5-100)
virginensis (20-40)
Maricaulis BIN Ocean 10-50 7.0 (ND) 0-80
washingtonensis (30-40) (20-40)
Marinicauda Marinicauda BIN Alga 15-45 (40) 6.0-9.0 0-100 (20)
algicola (7.0)
Marinicauda BIN Ocean 6-40 (30) 6.0-9.5 5-120(20)
pacifica (7.0)
Marinicauda BIN Ocean 15-45 6.0-9.5 10-160 (50)
salina (37-40) (7.0-7.5)
Oceanicaulis Oceanicaulis BIN Ocean 4-37 (30) 7.0 (ND) 20-100
alexandrii (ND)
Oceanicaulis BIN Ocean 15-45 6.0-10.0 0-90 (15)
stylophorae (37.5) (8.0)
Woodsholea Woodsholea BIN Freshwater 20-40 (30) 6.0-8.0 ND (5-100)
maritima (7.0)
Photocaulis Photocaulis BIN Freshwater 4-41 (32) 6.5-11.0 50-650
sulfatitolerans (7.0) (250-350)
Photocaulis BIN Freshwater 4-42 (28) 6.5-11.0 50-650
rubescens (8.5) (50-150)
Rhizobiales Hyphomicrobiaceae Filomicrobium  Filomicrobium ~ BUD  Freshwater ND (20-28) ND (ND) ND (ND)
fusiforme
Filomicrobium ~ BUD  Soil 4-45 6.0-9.0 0-70 (ND)
insigne (28-30) (7.0-7.5)
Hyphomicrobium Hyphomicrobium BUD  ND 30 (ND) 6.0-8.0 ND (ND)
denitrificans (ND)
Hyphomicrobium BUD  Ocean 15-35 7.0-9.5 0-10(2.5)
nitrativorans (32.5) (8.0)
Hyphomicrobium BUD Soil 15-37 (30) ND 0-15 (ND)
sulfonivorans (7.3-7.6)
Hyphomicrobium BUD  Soil ND (28-30) ND ND (ND)
chloromethanicum (6.5-7.5)
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)

coagulans

(#2)
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Order Family Genus Species Mode of Source Growth Growth  Growth NaCl
division temperature pH (optimal)/
(optimal)/°C(optimal) (g/L)
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)
facile subsp. facile
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)
facile subsp.
tolerans
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)
facile subsp.
ureaphilum
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)
hollandicum
Hyphomicrobium BUD  Soil ND (ND) ND (ND) ND (ND)
methylovorum
Hyphomicrobium BUD  Freshwater ND (ND) ND (ND) ND (ND)
vulgare
Hyphomicrobium BUD  ND ND (ND) ND (ND) ND (ND)
zavarzinii
Pedomicrobium  Pedomicrobium  BUD  Freshwater 15-41 ND 1 (ND)
americanum (29-32) (7.3-7.6)
Pedomicrobium  BUD Freshwater 15-36 (ND) ND ND (ND)
australicum
Pedomicrobium  BUD Freshwater 10-40 (ND) 3.5-10.0 ND (ND)
ferrugineum (ND)
Pedomicrobium  BUD  Freshwater 30 (ND)  ND (ND) ND (ND)
manganicum
Devosia Devosia BUD  Freshwater 4-35(30) ND 0-30 (0-15)
confluentis (7.0-8.0)
Devosia enhydra BUD  Freshwater 30 (ND)  ND (ND) ND (ND)
Devosia BUD  Soil ND (28-30) ND (ND) ND (ND)
mishustinii
Rhodomicrobium Rhodomicrobium BUD  Freshwater 10-40 (30) 5.5-8.0 0-5(ND)
udaipurense (7.0)
Rhodomicrobium BUD  Activated 25 (ND)  ND (ND) ND (ND)
vannielii sludge
Rhizobiales Hyphomicrobiaceae Rhodomicrobium Rhodomicrobium BUD  Freshwater 10-35 (30) 5.0-9.0 0-10 (ND)
lacus (7.0)
Parvibaculaceae ~ Pyruvatibacter — Pyruvatibacter ~ BIN Ocean ND (ND) ND (ND) ND (ND)
mobilis
Tepidicaulis Tepidicaulis BIN Ocean ND (ND) ND (ND) ND (ND)
marinus
Sphingomonadales Sphingomonadaceae Sphingomonas — Sphingomonas BIN Freshwater ND (30) 6.0-8.0 0-30 (0-20)
canadensis (7.0)
Sphingomonas BIN Freshwater 10-40 (28) 5.0-10.0 ND (ND)

leidyi

(7.0)

ND: Not described; BIN: Asymmetric binary fission; BUD: Budding fission.
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Figure 2 Division modes of dimorphic prosthecate bacteria. A: Asymmetric binary fission; B: Budding fission.
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Figure 3  Coculture results of algae and dimorphic prosthecate bacteria under phase-contrast microscopy. A:
Phaeodactylum tricornutum CCMP2561 and Glycocaulis alkaliphilus 6B-8"; B: Chlamydomonas reinhardtii
UVM4 and Glycocaulis alkaliphilus 6B-8". Experimental methods: Seed cultures of P. tricornutum CCMP2561
and C. reinhardtii UVM4 in the logarithmic growth phase were individually inoculated into their respective

suitable fresh liquid media for cultivation. Meanwhile, the bacterial culture of G. alkaliphilus 6B-8" in the

logarithmic growth phase was collected; The bacterial cells were harvested by centrifugation, and the supernatant

was discarded. The bacterial cells were then individually inoculated into the above two algal culture systems and

co-cultured under optimal conditions. After a certain period of co-cultivation, the morphological characteristics of

the algae and dimorphic prosthecate bacteria were observed using a phase-contrast microscope.
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Figure 4 Microscopic morphology of the holdfast and rosette cluster in Caulobacter vibrioides. A: Cryo-

electron tomography structure of the holdfast in C. vibrioides®"); B: Scanning electron microscopy morphology

of the rosette cluster in C. vibrioides®>.
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