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Abstract: Membrane dynamics are essential for the numerous cellular processes in eukaryotic and prokaryotic cells.
Membrane fusion and fission are often catalysed by large GTPases of the dynamin protein families in eukaryotic cells,
however the mechanisms responsible in prokaryotes are yet to be investigated in depth. With new results of the
structural and biochemical data of prokaryotic dynamin-like proteins (DLPs) becoming available, this review summarizes
current knowledge regarding prokaryotic dynamins, and discusses their structural and functional properties. The
mechanisms how DLPs are involved in lipid droplets (LDs) formation and fission are investigated, and highlighted as a
potential research area of LD dynamics. Based on these understandings, a hypothetical model is then described and
further research analysis proposed.
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well as fusion of the mitochondrial outer and inner mem-

Introduction

Biological membranes dynamics are of vital
importance for both eukaryotic and prokaryotic cells. The
membrane dynamics are many crucial
processes as they can not only separate the cytoplasm,
but also be related to sub-cellular compartmentalization!*3,
Membrane fusion and fission events are usually catalysed
by a super family known as dynamins, including the
classical dynamins and DLPs that are ubiquitously
distributed throughout animals, and plants species, but
seldom in prokaryotes®~8. Classical dynamins and DLPs
share similar modular domain architecture with a
conserved GTPase domain, an a-helical stalk region and
a membrane associated domain™. In eukaryotic cells,
these large scale domain movements are reported to

involved in

drive membrane dynamics such as vesicle scission®, mi-
tochondrial and endoplasmic reticulum (ER) fusion®, as
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branes®. Mutations in human DLPs are associated with
various diseases™ ", such as Alzheimer's and Parkin-
son's diseases™, and also an apoptosis role in diabetic
neuropathy in the dorsal root ganglia™ indicating the
functional importance of these proteins also in
prokaryotes or uni-cellular in vitro cell lines as potential
models of study for human disease.

Compared with eukaryotic DLPs, prokaryotic DLPs
have long been neglected, since most bacteria lack inter-
nal membrane structures or organelles. The concept of
bacterial dynamin-like protein (BDLP) was initially sug-
gested in the report of the structure of a DLP from
cyanobacterium Nosfoc punctiforme®, Cryo-electron mi-
croscopy has provided further insight into the putative
conformational re-arrangements that DLPs are needed to
modulate membranesd. A recent publication showed for
the first time that the prokaryotic DLPs might catalyze
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membrane fusion, in addition to mitofusins using a bio-
chemical method™. A DLP, DynA, was recently reported
to be localized in inner membrane in Bacillus subtilis"d,
consistent with what has been observed for the BLDP
from Nostoc punctiforme ®. However, the deletion of
DynA had been shown to display no division phenotype
for vegetative growing cells. Three DynA functional part-
ners, Ynek, RNaseY and YwpG, had been also investi-
gated by deleting a division protein MinJ in Bacillus
subtilis that caused a dispersed distribution of DynA all
over the cell inner membrane!™.

Recently, the discovery of LD organelle in
Rhodococcus jostii RHA1 suggested new areas for
prokaryotic membrane dynamics™. LD is an important
and dynamic organelle that is encapsulated by a
phospholipids monolayer @21, LD is the only observed
intracellular membranes of RHA1 and related to multiple
cellular functions, such as lipid metabolism, signalling
and protein degradation 2. Interestingly, a DLP,
ro_05488, was detected to be located on surface of LDs
in RHA1 cells by proteomic analysis!™. Furthermore, in a
comparative transcriptomic study, PD630 cells were
transferred from nutrient broth (NB) to mineral salt
medium (MSM)  cultures, which resulted in the
enlargement of LD with concurrent and significantly
differential expressions of DLPs ™. These observations
suggest DLPs may be related to the formation or
membrane dynamics of LDs, thus indicating new
functional roles of prokaryotic DLPs.

In this review, we systematically discuss the distribu-
tion of DLPs in bacteria and archaea. Protein domain
and operon structures of DLPs are then reviewed to pre-
sent a detailed evolutionary dynamics of these proteins.
We also summarize current knowledge of structures,
locations and functions of prokaryotic DLPs, and in par-
ticular their potential functions in LD dynamics. In culmi-
nation, this information provides a comprehensive model
of how DLPs are involved in LD formation and fission.

Origin and evolution of DLPs in RHA1

The first structure and location of a prokaryotic DLP
ZP_00108538 was reported in a systematic analysis of
Nostoc punctiforme in 20069, Further research revealed
that DLP ro_05488 was observed in a LD proteomic
study of RHA1, with three other proteins ro_05469,
ro_05470 and ro_05487 were found to share a similar
sequence with ZP_001085381. In our integrated omics
study of LD dynamics in PD630, we identified four
potential genes coding for DLPs including LPD02043,

www.cjb.org.cn | ACTA BIOPHYSICA SINICA

LPD02044, LPD02062 and LPD02063 with sequence
length of 491, 562, 614 and 498 amino acids, respective-
ly®. They are sequence similar with ZP_00108538 with
E-value of 4.0E-11, 6.0E-04, 2.0E-08 and 3.0E-11, re-
spectively. So far, prokaryotic DLPs have been predicted,
but a systematic analysis of DLPs distribution in
prokaryotes is still absent.

Initially, we performed a sequence blast with all se-
quenced prokaryotic genomes in the NCBI database by
using these four proteins ro_05469, ro_05470, ro_05487
and ro_05488. In total 93, 82, 92 and 74 proteins were
respectively detected with cut off 1.0E-03. Considering
there are many redundant proteins existing among close
species, we constructed a genome set of 146 genomes
to enquire how many DLPs are distributed among
genomes with certain evolutionary distance. A total of
146 genomes with maximal length were selected from
each genus. The individual genus was defined as a rela-
tive evolutionary distance in the prokaryotic kingdom as
previous described P1.  Using an E-value cut off of
1.0E-15, we detected 17, 13, 26 and 17 homologous
genes in bacteria and archaea for the four identified po-
tential genes respectively. The total 27 genomes and
their genus annotations are shown in Table 1. As the
gene ro_05487 is the most widely distributed protein (27
homologous) in these four proteins, we used it to con-
struct a rooted maximum likelihood tree by using
MEGA_5.1% to investigate the origin and evolution of the

DLPs (Fig.1). We observed that the 27 homologous
genes spanned 9 orders, including Actinomycetales,
Oscillatoriales, Chroococcales, Myxococcales, Ther-

moanaerobacterales, Methanomicrobiales, Methylococcales,
Clostridiales and Syntrophobacterales, but are not uni-
formly distributed. Specifically, most of the orders con-
tained only one or two genera, but Actinomycetales con-
tained 16 genera. The four proteins are displayed differ-
ent distributions. The protein ro_05470, ro_ 05469 and
ro_05488 are only observed in a few of the 27 genera.
For example, ro_05469 and ro_05488 are found in 18
genera, while ro_05470 is found in 14 genera. Consider-
ing that the above protein phylogenetic profile is not a
standard description of species evolutionary distance, we
then mapped the four proteins on the phylogenetic
lineages presented by NCBI genome database based on
16sRNA analysis (Fig.2)®. It is obviously that the cluster
A and B (Fig.2) contain only the gene ro_05487, while
the others contain at least three potential coding genes.
These two types of phylogenetic analysis both indicate
that ro_o5487 is most evolutionary conserved than other
three proteins.
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Table 1 The 27 genomes and their taxonomic annotations
#z1 27 M ERERENMYTSLTE

Order name Genus name Strain name NCBI_ID
Actinomycetales Rhodococcus Rhodococcus jostii RHA1 NC_008268
NC_008269
NC_008270
NC_008271
Amycolicicoccus Amycolicicoccus subflavus DQS3-9A1 NC_015564
NC_015560
NC_015561
Gordonia Gordonia polyisoprenivorans VH2 NC_016906
NC_016907
Nocardia Nocardia farcinica TFM 10152 NC_006361
NC_006362
NC_006363
Mycobacterium Mycobacterium smegmatis str. MC2 155 NC_008596
Pseudonocardia Pseudonocardia dioxanivorans CB1190 NC 015312
NC_016601
NC_015313
NC_015314
Blastococcus Blastococcus saxobsidens DD2 NC_016943
Saccharopolyspora  Saccharopolyspora erythraea NRRL 2338 NC_009142
Saccharomonospora.  Saccharomonospora viridis DSM 43017 NC 013159
Actinosynnema Actinosynnema mirum DSM 43827 NC 013093
Microlunatus Microlunatus phosphovorus NM-1 NC_015635
Salinispora Salinispora arenicola CNS-205 NC_009953
Amycolatopsis Amycolatopsis mediterranei U32 NC_014318
Frankia Frankia sp. Eullc NC_014666
Streptosporangium  Streptosporangium roseum DSM 43021 NC_013595
NC_013596
Stackebrandiia Stackebrandtia nassauensis DSM 44728 NC_013947
Methanomicrobiales Methanoregula Methanoregula boonei 6A8 NC_009712
Methanospirillum Methanospirillum hungatei JF-1 NC_007796
Myxococcales Sorangium Sorangium cellulosum 'So ce 56' NC_010162
Haliangium Haliangium ochraceum DSM 14365 NC_013440
Clostridiales Syntrophothermus Syntrophothermus lipocalidus DSM 12680 NC_014220
Thermincola Thermincola potens JR NC_014152
Oscillatoriales Trichodesmium Trichodesmium erythraeum IMS101 NC 008312
Chroococcales Cyanothece Cyanothece sp. PCC 7822 NC_014501
NC_014503
NC_014504
NC_014533
NC_014535
NC_014534
NC_014502
Thermoanaerobacterales  Carboxydothermus  Carboxydothermus hydrogenoformans Z-2901 NC_007503
Methylococcales Methylococcus Methylococcus capsulatus str. Bath NC_002977
Syntrophobacterales Syntrophobacter Syntrophobacter fumaroxidans MPOB NC_008554

The IDs of each strain include the main chromosome and plasmids, and taxonomic annotation is downloaded
from NCBI database
FANE R RO OB 4 5 R W 4 8BS BIKIE T NCBI £ %
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Gl G2 G3 G4 G5

Carboxydothermus ~ LAVLGQFKRGKSTFINALLG VLPLTAVPIF LIDTP—@IGST ILNKVDY  FGVSARL
Methanospirillum LAILGOFKRGKSTFLNALLG  VIPLTAVPTL LIDTP—@VGST LLNKIDY  YPVSAKQ
Syntrophobacter LVVVGOGFKRGKTYL INALMG  VVPLTSIVTV LIDTP——@GVGSV LLNKIDH  YPVSAKL
Thermincola LVVLBOFKRGKTTF INSLLG  VVPLTSIVTV L1DTP——@VGS! ILNKIDY  FPLSAKL
Methylococcus VLTVGOFKRGKTSL INALLG  AVPLTSWTV 1VDTP—GVGSV LLNKID!  FPISARE
Amycolatopsis VYVVGEFKGGKSSL INALLT  DDIATAVPTV LVDTP—GVEGL VLTKIDL IAVSSEL
Salinispora VVVVGEFKKGKSSLVNALVG  DGPATAVPTG LVDTP—GVGGL VNMTKTDF  MAVSSTL
Rhodococcus | VVVGPLKGGKSQFVNSLLN  DDETTAIPTV LVDTP—GVGGA LISKTDL {PiSSVL
Amycolicicoccus VAVVGELKGBKSGLVNSL IN  DDEATAVPTG LIDTP—GVGGH IVIKTDL  LPVSALL
Gordonia | VVWVGNLKGBKSGFVNALLN  DDESTAVPTL VIDTP—@VGEH LFTKTDL LPVSSTM
Nocardia | VVAGLLGQGKSRLVNALMN  DDTTTTVATV LVDTP—GVGGO MLTKTDL  LPVSALL
Mycobacterium VVIAGGLKGGKSOLLNSLLN  DDESTVLATV FYDTP-—@VGGH VATKTDL  |PASSVL
Actinosynnema VLVVBESKGGKSQLVNALIN  DDVTTAVPTF L1DTP-—GBTGDP VLTKTDL  LPVSSAL
Saccharomonospora  VVVLGGSGGGKSALLNGLLG DDLTTTVPTV L IDTPPCGTDGDH VLTKTDL  FPVSSAL
Saccharopolyspora  VLIVGESKGBKSELVNAIVN  EDVTTVVPTL LMDTP-—@VGSV VGPKIDV  FPVSSVV
Blastococcus VLVVGEPKGGKSGLVNALVG  DDVATVVPTV LVDTP-—@VGG! AVTKTDV  FPVSASL
Pseudonocardia VL IVGEFKGGKSQLVNALVN  DDIATSVPTY LVDTP—GVGGL VVTKTDL  FPVSSTL
Microlunatus VVFCQGFKVEGKSTMINALLG  ADWTAVPTY WDTP-—@VGEL VVTKTDL  FAVSSFL
Cyanothece VVVCGEFKQGKSSL INAFLN ~ TDITTNLVST LVDTP-—@VGSL VVTKIDA  IPISSRA
Trichodesmium VVVGGEFKEBKSSL INALLK ~ ADIATGIVST LVDTP~—GVGGL VWTKIDS  VPVSSHN
Hdliangium LVVLGEFNHGKSSFVNALLG I TPTTATINH LVDTP—@VNDL VLGKSDL  LVPEPAL
Sorangium LVVVBEFNHGKTTFVNALLG  VTPTTAVIHH LYDTP—@VYNDL WIKRDI  LVKSPVV
Frankia VVVVGEKKRGKSSLLNALLG  VDVATNVHLT LVDTP—BVGGL VLAQIDK  FPVSSRF
Stackebrandtia MVIVGETKRGKSSLTNALIG  AAVATSSYLE L1DTP—BVGEL ALTKTDA  FPVSSRL
Streptosporangium 1 VVAGAGKRGKSRLLNTLVG  ADVATNCFLS LLDTP—BVDSL VLTKVED  {PVSSKL
Syntrophothermus VAVLGSFKAGKSSFLNSLIG NIPVTSVITR LVDTP—G1GSY VITKVDL  FPIYRHS
Methanoregula | AVFGRVSSGKSSLLNAL I1G  VIPVTAVPTR FVDTP—@LGSL LLSKADL  LVKSALD
conserved motifs GxxxxGKS T Dxx @G NKxD SAK

consensus aa —e KGR — N — — T L-DTP-—QVG— —K-D- —§—

Fig.4 Conserved sequences of DLP motifs Multi-sequence alignment of ro_05487 with other best hit 26 proteins shows five
well characterized motifs. Critical residues are highlighted in bold and consensus sequences are presented with a cut off of 80%

identity
B4 sHHnELRRTIIEEETT
(1), B TFITRIFFIE N T RTIHEABIT 80% K EAEMAL &

(GxoxGK[ST]), G2 box (T) and a less conserved motif
G3 box (DxxG). In addition, GTP-utilizing enzymes share
the feature G4 box ([NTIKxD)P' Additional contacts to
the nucleotide are made by residues similar to the G5
box (SA[KL])", Consensus sequences of these motifs
further show some additional conserved sites existed,
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indicating that these sites may be also involved in some
potential functions. A distribution summary of these
motifs among 27 genes is shown in Table 2. It is
observed that most of these motifs exist among the 27
homologous genes, but Switch | region, G1 box and G2
box are frequently absent.
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Table 2 Distributions of the motifs in 27 proteins

®2 27T M EATEENSH

GTP/Mg*
binding site

Genus Name Switch I

Switch II Gl

Q
)
Q
[98)
Q
»
Q
G

<

Carboxydothermus
Methanospirillum
Syntrophobacter
Thermincola
Methylococcus
Amycolatopsis
Salinispora
Rhodococcus
Amycolicicoccus
Gordonia
Nocardia
Mycobacterium
Actinosynnema
Saccharomonospora
Saccharopolyspora
Blastococcus
Pseudonocardia
Microlunatus
Cyanothece
Trichodesmium
Haliangium
Sorangium
Frankia
Stackebrandtia

Streptosporangium

Mo K e e
Mok Z K 2 2R Z 7 K

Syntrophothermus

S O R R T R T T T TS R S S IS s

o3
<

Methanoregula

Mo K Z K K2 Z 2 K
M 2 K K 2 R 2 K2 2
S S S I T T R I S R T

M K K

S R S I T e L S S S I T TS S RO e

<
]
<

All cight motifs are predicted in 27 proteins (each protein for one genus) by using NCBI conserved domain

database. "Y" means existence and "N" means inexistence

BT NCBI HRRFIhREREARE, FivtT 27 MEREF K 8 Mg,

H, N7 RARDEHE

Localization and partner of DLPs

To observe localization of DLPs in vivo, the transla-
tional fusion of BDLP and green fluorescent protein
(GFP) was constructed and expressed in wild type Nos-
toc punctiforme®. The GFP fusions localized to the cell
periphery was clearly observed by confocal fluorescence
microscopy. In addition, some of the GFP fusions were
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also observed to be localized to the cell septum and
presented ring-like structures.

Although the BDLPs pre-dominantly localized to the
cell membrane, recent research revealed that the location
may be regulated or interacted with the interaction of
other proteins. In Bacillus subtilis, Frank et al™® showed
that MinJ, which is a topological determinant protein dur-
ing cell division, may play an important role in controlling
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Conclusions

In recent years, large amounts of structural and bio-
chemical data have been disseminated and presented
regarding the comprehensive analysis of classical
dynamins or how DLPs modulate biological membranes.
In this review, we investigated the DLPs in RHA1 and
identified four potential genes coding for DLPs. According
to the analysis of both the origin and evolution, we find
that the DLPs are evolutionarily derived from Actinomyc-
efales and can even be traced to archaea. The operon
structures may be constructed by duplication events,
which have occurred occasionally during the evolutionary
process?4. Based on the summary of prior knowledge,
we dissected the structure and potential functions of the
DLPs. We highlighted that DLPs may be related to the
formation and dynamics of LDs, which have been identi-
fied as an important organelle not just for lipid storage
but also energy metabolism regulation. In PD&30, the
discovery of DLPs on LD surface and also the compan-
ion of differential expression in LD morphological dynam-
ics, suggest that DLPs may play important roles in the
LD formation and fission processes. Thus, the formation
ratio of LD may be affected by controlling DLPs expres-
sion. Considering PD630 is an oleaginous bacterium with
an application for biofuel production®9, further research
of DLPs may be advantageous not only to investigate
the formation of LD organelle, but also improve biofuel
production by accelerating TAG accumulation and storage
in LD.
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