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Abstract
The outer membrane is the defining characteristic of Gram-negative bacteria and is crucial for the maintenance of cellular
integrity. Lipoproteins are an essential component of this outer membrane and regulate broad cellular functions ranging from
efflux, cellular physiology, antibiotic resistance, and pathogenicity. In the canonical model of lipoprotein biogenesis, lipoprotein
precursors are first synthesized in the cytoplasm prior to extensive modifications by the consecutive action of three key enzymes:
diacylglyceryl transferase (Lgt), lipoprotein signal peptidase A (LspA), and apolipoprotein N-acyltransferase (Lnt). This enzymatic
process modifies lipoprotein precursors for subsequent trafficking by the Lol pathway. The function of these three enzymes were
originally thought to be essential, however, in some Gram-negative bacteria, namely Acinetobacter baylyi, the third enzyme Lnt
is dispensable. Here we review the function and significance of Lgt, LspA, and Lnt in outer membrane biogenesis and how noncanonical models of lipoprotein processing in Acinetobacter spp. can enhance our understanding of lipoprotein modifications
and trafficking.
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Introduction
The general structure of Gram-negative bacteria such as
Escherichia coli and Acinetobacter baylyi consists of the inner
membrane (IM) and outer membrane (OM) separated by
an aqueous periplasm containing a thin peptidoglycan layer
(1). The outer membrane is the defining characteristic of
Gram-negative bacteria and is essential for the maintenance of
cellular integrity. The OM is composed of phospholipids and
a lipopolysaccharide asymmetric bilayer containing β-barrel
OM proteins (OMPs) (2). In order for correct biogenesis of
the OM to occur, lipopolysaccharides must be delivered to
the OM by the Lpt machinery while the Beta-barrel assembly
machinery (BAM) complex assembles OMPs into the OM
(3). Proteins destined for the OM are synthesized in the
cytoplasm with a signal peptide used for translocation to
the IM by the general secretion (Sec) pathway for unfolded
proteins or through the twin-arginine translocation (Tat)
pathway for fully folded proteins (4–6). Deviations or loss of
function in the assembly machinery needed to synthesize the
OM results in profound defects causing morphological defects
such as antibiotic and temperature sensitivity (7).
Outer membrane lipoproteins have vital functions including
aiding in lipopolysaccharide (LPS) insertion in the OM
and forming secretion systems (8, 9). LPS is found in the
outer leaflet of the OM in most Gram-negative bacteria
and is thus essential because it interacts directly with the
outside environment of the bacterium and maintains the
impermeability of the OM (10–13).
The proteins, LptD and LptE are components of the Lpt
machinery which function to transport the essential LPS to
the OM (8, 9). LptE and LptD form a complex in which
LptE is buried inside LptD and functions as a plug to prevent
the passage of molecules through LptD into the bacteria
(14– 18). There are also surface-exposed lipoproteins such as
Lpp and Pal which function to increase cell wall stability by
attaching the OM to the cell wall (19–21). Other surfaceexposed lipoproteins are part of stress responses including
RcsF which is the sensory component of the Rcs envelope
stress response (22, 23). This stress response can be activated
by LPS stress and osmotic stress (24–27).

Lipoproteins are also essential in assembly of the OM and
regulating the traffic of molecules inside and outside of the
Gram-negative cell (28). These OM lipoproteins can release
virulence factors to the surrounding environment resulting in
infection (29, 30). They also can release toxins or hazardous
chemicals for defense (31). Another assembly of OM
proteins is the BAM complex which functions to facilitate
the formation of beta- barrels in the OM (32). Blocking OM
lipoprotein trafficking or inhibiting their function can result
in cell death (33). If a lipoprotein is not trafficked, the cell
cannot regulate the efflux of molecules across the membrane,
depriving it of resources and preventing the cell from
expelling hazardous chemicals. Therefore, the lipoprotein
sorting pathway is integral to Gram-negative bacteria because
lipoproteins in the OM are essential to maintaining the cell
envelope.
Synthesis of lipoproteins begins in the cytoplasm.
Lipoproteins are synthesized as precursor pre-prolipoproteins
in the cytoplasm prior to being trafficked through the ABC
transporter localization of lipoproteins (Lol) pathway (34).
Once unmodified pre- lipoproteins destined for the OM are
translated, they enter the IM through the Sec or Tat pathway
(35) (Fig. 1a).
The signal peptide embeds the protein to the IM and allows
for recognition for the first step of modification (36). Diacylglyceryl transferase (Lgt) is the first protein in the pathway
and transfers di-acylglycerol to the cysteine residue in the
lipobox of the prolipoprotein (37). Lgt has been thought to
be essential in all Gram-negative bacteria because it is the
first step of lipoprotein maturation which is required to be
recognized and translocated using the Lol system (37, 38).
However, insertion mutations have been created in the lgt
gene of Acinetobacter baumannii which have yielded viable
cultures (39). The second step of lipoprotein maturation is
done by prolipoprotein signal peptidase (LspA) which cleaves
the signal peptide leaving the lipobox at the N-terminus.
LspA is also essential due to its ability to cleave the anchor
peptide from the IM. The heavily hydrophobic region is
what allows and maintains the protein in the IM, therefore
its release is integral for lipoprotein movement to the OM
as well as function and folding. The third and final step in
lipoprotein maturation is the addition of one more acyl
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group to the cysteine residue by apolipoprotein transacetylase
(Lnt) (Fig. 1a). Together, these processes define the canonical
lipoprotein modification pathway in Gram-negative bacteria
(34).
Classically it was thought that Lnt-mediated tri-acylation was
an essential requirement for recognition by the Lol system
and subsequent lipoprotein trafficking. However, Lnt was
found to be nonessential in some Gram-negative bacteria
including Francisella, Neisseria, and Acinetobacter (40,41).
The loss of Lnt is not without detriment, as the absence of a
third acylation interrupts lipoprotein trafficking resulting in
visible growth defects such as increased OM permeability in
Acinetobacter spp. (42). The viability of Acinetobacter spp. after
lnt deletion suggests a non-canonical function of the existing
lipoprotein modification and trafficking pathway (Fig. 1b).
If an apo-lipoprotein is successfully tri-acylated and cleaved,
to become a mature lipoprotein and reach the OM, it must
be translocated there by the Lol system (34). The LolCDE
proteins exist in the IM where it receives the tri-acylated

lipoproteins, as studied in E. coli (43). If destined for the OM
the periplasmic chaperone LolA then shuttles the lipoproteins
to the OM receptor LolB for inclusion into the OM (38,
44–46). In Francisella spp., a fusion protein resembling E. coli
LolC/LolE exists that shares high homology among functional
domains of the transport system (41). This high homology of
the fusion protein and subsequent pathway probing identified
this protein as LolF, a distinct protein among certain
gram- negative bacteria namely Neisseria, Francisella, and
Acinetobacter (42, 47). LolF was shown to accept di-acylated
lipoproteins as compared to the rejection of di-acylated
lipoproteins by LolCDE (41).
The LolF arrangement and successful trafficking of di-acylated
lipoproteins in Lnt-deficient A. baylyi suggests the presence
of a non-canonical function of the lipoprotein modification
and trafficking pathway (Fig. 1b). In the process of exploring
the non-canonical function of this pathway, it is essential to
review the known structures, functions, and mechanisms of
the canonical pathway. Here we compile research spanning
50 years for the creation of a concise and accessible resource

Figure 1.

Figure 1. Lipoprotein biogenesis and trafficking in Gram-negative bacteria. (A) In the canonical lipoprotein
biogenesis and trafficking pathway, pre-prolipoproteins from the cytoplasm are transported to the periplasm by
the Sec or Tat pathway where Lgt adds two acyl chains (green) to the conserved cysteine residue of the lipoprotein
precursor. Here, LspA cleaves the signal sequence (blue) and the third and final acyl chain is added to the amino
terminus by Lnt. The IM bound LolCDE proteins then receive tri-acylated lipoproteins and can be transported by the
periplasmic chaperone LolA to shuttle the lipoprotein to the OM receptor, LolB, for inclusion into the OM. (B) In
the non-canonical lipoprotein trafficking pathway of Gram-negative bacteria with LolDF fusion proteins, di-acylated
lipoproteins are still capable of transportation to the OM by an unknown mechanism or alternative pathway. Created
with Biorender.com.

12 | Fine Focus

regarding lipoprotein processing and associated enzymes
within Gram-negative bacteria.
Diacylglyceryl Transferase (Lgt).
Before lipoproteins are translocated to the OM through the
Lol system, they are first modified by Lgt in the IM (37).
This IM protein di-acylates the prolipoprotein which is the
first step to becoming a mature lipoprotein. All lipoproteins
that have been identified have N-acyldiacylglyceryl-cysteine
as their N-terminal amino acid (48). The lgt gene was first
discovered in temperature sensitive mutants of S. typhimurium
in which there was an accumulation of unmodified
prolipoproteins at 42°C (49). The prolipoproteins in these
temperature sensitive mutants did not have any glyceryl
modification. Furthermore, a complementation test with a
cloned insert of this deletion restored glyceryl modification
activity. This cloned gene was determined to code for
diacylglyceryl transferase (Lgt). In E. coli, the umpA gene was
determined to code for Lgt after demonstrating high levels of
similarity to the lgt gene in S. typhimurium (50).
Lgt is generally essential in Gram-negative bacteria
when compared to Gram-positive bacteria. Lipoprotein
modification has been studied more extensively in Gramnegative bacteria compared to Gram-positive bacteria. It
has been determined that Gram-negative bacteria in which
Lgt is essential include E. coli and S. typhimurium (49, 51,
52). However, there are some Gram-negative bacteria such
as A. baumannii in which insertion mutations are present
due to transposons in the lgt gene, yet there viable cells
persist (39). Furthermore, Lgt has been determined to not
be essential in Gram-positive organisms such as Bacillus
subtilis and Streptococcus pneumoniae (53, 54). B. subtilis
and S. pneumoniae cultures were still viable after lgt deletion
(53). However, lgt was deemed essential for virulence in S.
pneumoniae (54). It has been hypothesized that the function
of Lgt in Gram-positive bacteria may be analogous to
substrate-specific sorting enzymes which translocate wallanchored proteins (55, 56).
Lgt consists of 291 amino acids and is comprised of
seven transmembrane helices. The crystal structure of
Lgt was identified in E. coli where it is composed of 291

amino acids (33 kDa) (57). There are seven transmembrane
helices which form the core of the protein and there are two
phosphatidylglycerol binding sites, R143 and R239 (Fig.
2a). These two binding sites were determined to be critical
through the use of complementation tests with lgt knockout
cells and different mutant variants. There are six beta strands
and four short helices. One of the critical catalytic sites,
R143, which faces towards the periplasm, directly binds
the substrate phosphatidylglycerol for transfer. This site is
positively charged which makes it a prime residue for binding
the negatively charged phosphatidylglycerol. The other
phosphatidylglycerol binding site is E151. The residue R239
was also determined to be essential for diacylglyceryl transfer
and functions by forming a hydrogen bond with the C3 of
diacylglycerol. These two key residues are the catalytic sites
which transfer di-acylglyceryl to the pre-prolipoprotein.
Diacylation of the prolipoprotein begins by transferring
a non-acylated glyceryl of phosphatidylglycerol to
the sulfhydryl group followed by O-acyltransferase
catalyzed acylation of the glyceryl moiety. To determine
the mechanism of action for this diacyl modification,
Braun’s lipoprotein was used in E. coli (25, 27, 28).
Braun’s lipoprotein is a murein lipoprotein which has the
same composition as previously identified lipoproteins
with a glyceryl cysteine (S-propane-2’,3’-diol)-3-thio-2aminopropanic acid) at the peptide end attached to two
fatty acids with another fatty acid bound at the N-terminal
(48, 58). To become a mature lipoprotein, the first step
of modification is done by Lgt which di-acylates the
prolipoprotein (37). The mechanism of di-acylating the
prolipoprotein was proposed to begin by transferring a nonacylated glyceryl of phosphatidylglycerol to the sulfhydryl
group of the cysteine residue at the N-terminal of the
prolipoprotein (48, 60). The sn-2 and sn-3 hydroxyls of
the glyceryl moiety are then acylated by O-acyltransferase
enzymes to form the di-acylglycerylated lipoprotein.
Lipoprotein Signal Peptidase (LspA)
Signal II peptidase encoded by lspA in Gram-negative bacteria
cleaves the signal peptide from the pre-prolipoprotein at the
lipobox residue consensus sequence LAGC (L−3A−2G−1C+1)
during the intermediate step of prolipoprotein processing
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(61). The cleavage event results in an invariable Cys residue
becoming the N-terminal +1 residue, allowing for the
prolipoprotein to proceed to the final acylation step by
Lnt(62).
LspA is ubiquitous among all known Gram-negative
bacteria and homologs have been found in select Grampositive bacteria. LspA is ubiquitously conserved among
all known Gram-negative bacteria and homologs have been
found in select Gram-positive bacteria (e.g. Staphylococcus
aureus) (63). Structurally, among both Gram-positive and
Gram-negative eubacteria LspA contains one conserved
residue essential for stability, Asp-14, and five conserved
residues important for catalytic function; Asn- 99, Asp-102,
Asn-126, Ala-128, and Asp- 129 (64) (Fig. 2b). Functionally,
in Gram-negative bacteria LspA is considered essential
under standard laboratory conditions while in Grampositive bacteria LspA is considered conditionally essential

for virulence (65, 66). There are no known homologs in the
domain Eukaryota (63).
LspA consists of 169 amino acids and is comprised of
two main domains containing four transmembrane
helices. From the crystal structure of LspA isolated from
Pseudomonas aeruginosa, the 169 amino acid long (18 kDa)
inner membrane protein is comprised of two main domains
(67). The first domain consists of four transmembrane helices
culminating in N and C termini located in the cytoplasm
(68) and the second domain consists of a periplasmic domain
further separated into two subdomains (67) (Fig. 2b). The
larger subdomain is a β-cradle that rests on the membrane
extending away from the protein’s helical core presenting
its polar surface to the periplasm. The smaller and second
subdomain contains a periplasmic helix which extends
perpendicularly from the β-cradle into the periplasm (67).

Figure 2.

Figure 2. Proposed model of peptide topology for Lgt (blue), LspA (grey), and Lnt (green) in the inner
membrane. Roman numerals indicate transmembrane domains. (A) Lgt contains seven transmembrane domains with
six beta strands. PG molecules are bound to the Arg143 and Arg239 residues in transmembrane domains IV and VI
respectively, with Glu151 in transmembrane IV essential to the acyl transfer. The loop between transmembrane VI
and VII is a gate for the entrance of the pre-prolipoprotein. After the acyl transfer, another PG molecule docks on
the protein and the process repeats. Adapted from Pailler et al., 2012. (B) LspA in addition to the transmembrane
domains, has a β-cradle in the first periplasmic exposed domain that retains the majority of the lipoprotein during
proteolytic cleavage. LspA also contains a periplasmic helix in the second periplasmic domain. The signal peptide of
the prolipoprotein is wedged between transmembrane II, III, and IV from recognition sites Asp111, Asp129, and
Asn99. Adapted from Muñoa et al., 1991 and Tjalsma et al., 1999. (C) Lnt exists as a thioester acyl intermediate with
acyl group attached to C387. Lnt has a beta-barrel-like structure with a catalytic cavity. The apolipoprotein enters the
cavity laterally, stabilized by the loop between transmembrane domains IVa and IVb. Adapted from Gélis‐ Jeanvoine et
al., 2015. Created with Biorender.com.
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LspA shares a mechanism of action similar to that of the
aspartic protease family. Based on structural context and
the functional domain homology to the family of aspartic
proteases, LspA is proposed to form a catalytic dyad at
residues Asp-102 and Asp-129 while residues Asn-45, Asn99, Asp-111, Asn-126, and Ala-128 create the geometry
and recognition site for the lipobox of prolipoproteins (64).
The proposed mechanism of LspA mediated signal peptide
cleavage is as follows. Upon binding to a lipid-modified
precursor, the carbonyl carbon of the scissile peptide bond
is hydrated creating a tetrahedral intermediate (64). At
this point a proton is transferred by means of a lytic water
molecule on the initial protonated aspartic acid residue to
another aspartic acid residue. The tetrahedral intermediate
then donates a proton from one hydroxyl group to the
recently charged aspartic acid residue (64). Simultaneously
the nitrogen atom of the scissile peptide bond receives a
proton from the catalytic aspartic acid residue resulting in the
peptide bond cleavage of the signal peptide from the lipobox
motif of the prolipoprotein. This proposed mechanism of
LspA enzymatic action is further supported by LspA ability
to function in the absence of metal ions suggesting LspA does
not use classical catalytic mechanisms of metalloproteases
(69).
LspA presents novel targets for drug intervention of
bacterial infection. LspA is of particular significance to
the development of antibiotics in response to the increasing
epidemic of antibiotic resistant bacteria (70). Since LspA is
broadly conserved and essential in Gram-negative bacteria and
some Gram-positive bacteria it presents as a suitable target for
broad-spectrum antibiotic development (63). Additionally
the correct synthesis of lipoproteins by LspA-mediated
enzymatic processes has been implicated in pathogenicity
even in bacteria where LspA is not considered essential (e.g.
Mycobacterium tuberculosis) (71). LspA is also absent in all
eukaryotic cells avoiding the possibility of off-target effects
on host organisms (63). In comparison to the chronological
development of other antibiotics and their respective targets,
LspA as a target for antibiotic development is relatively new
decreasing the risk associated with “legacy” antibiotics and
acquired resistance (70).

In early antibiotic discovery trials, a cyclic peptide antibiotic
Globomycin was isolated from Streptomyces spp. and
administered to a panel of bacteria to determine antibiotic
sensitivities (72). In E. coli and other Gram-negative bacteria,
growth was severely inhibited by this molecule and resulted in
the formation of spheroplasts indicating profound membrane
assembly defects (72). Further studies in E. coli showed
Globomycin treatment resulted in the bioaccumulation of
di-acylated prolipoproteins in the cytoplasmic membrane
and subsequent death of the affected bacterial cell (73).
In vitro incubation of LspA enzyme and prolipoprotein
substrates in the presence of Globomycin showed an
inhibition of LspA enzymatic activity on the cleavage of the
signal peptide present on the prolipoprotein (74). Decades
later, the mechanism by which Globomycin prevented
LspA enzymatic activity was determined by the crystal
structure of Globomycin bound to LspA from P. aeruginosa
(67). Globomycin was found to infiltrate the LspA binding
pocket consisting of conserved residues, typically specific
for prolipoprotein substrates, and tightly bind both aspartic
residues implicated in cleavage as described above (67). The
occupation of both active enzymatic residues prevents typical
enzymatic function resulting in the observed OM defects and
subsequent death of the bacterium. Globomycin is an efficient
inhibitor of Gram-negative bacterial growth and affords the
benefit of targeting LspA, which has no eukaryotic homolog.
Therefore, the development of Globomycin analogs which
can more efficiently mimic prolipoproteins and bind LspA is
considered a promising avenue of research in the development
of new antimicrobials (67).
Another bacterial secondary metabolite derived antibiotic,
myxovirescin, was found to inhibit Gram-negative bacteria
prolipoprotein processing and subsequent growth in a
mechanism similar to that of Globomycin despite having a
unique molecular structure (75). Even though operating on
convergent mechanisms of LspA inhibition, myxovirescin
was shown to be rapidly bactericidal by a magnitude of
almost 10-fold compared to Globomycin (75). The advent of
another LspA targeted antibiotic with even less incidence of
spontaneous resistance compared to Globomycin reinforces
the importance of LspA as a viable target for antibiotic
discovery (63).
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Apolipoprotein N-acyltransferase (Lnt)
The last post-translational modification in the lipoprotein
sorting pathway is performed by apolipoprotein
N-acyltransferase (Lnt), an IM bound protein. Lnt acquires
an acyl group from a glycerophospholipid and transfers to the
+1 cysteine, the same residue previously bonded to the now
cleaved signal peptide, via an amide bond (52, 76). This final
modification acts as a conformational structure for Lol system
translocation to the OM (77).
Lnt is conserved among Gram-negative bacteria but has
been found in Mycobacterium spp. Lnt is extremely well
conserved among Gram-negative bacteria but has also been
found in Mycobacterium (78, 79). While Lgt and LspA are
universally prominent among both Gram-negative and
Gram-positive bacteria, Lnt is not. The purpose of the
third acylation by Lnt is thought to be for recognition for
translocation to the OM, therefore Lnt does not have a
function in Gram-positives. Interestingly, Lnt homologs have
been identified from BLASTp in Mycobacterium smegmatis
and Mycobacterium tuberculosis as Ppm1. Ppm1 has also been
confirmed to transfer an acetyl group to the N-terminus,
similar to the Lnt mechanism (78). The tri-acylated
lipoproteins are suspected to contribute to M. tuberculosis
virulence factors (71).
Glycerophospholipids are the prominent substrates
for Lnt. Lnt transfers an acyl group from 3 different
glycerophospholipids. Phosphatidylethanolamine (PE), the
most abundant phospholipid, constituting around 70% of
the cellular lipid content, is the prominent substrate for Lnt,
but not essential for Lnt function (80). Phosphatidylglycerol
(PG), the second most abundant phospholipid, is a substrate
for Lnt as well, but not used as efficiently as PE (81, 82).
Interestingly, in mutants lacking PE, PG was used for final
acylation without defects. Phosphatidic acids (PA) is one
of the least abundant membrane lipids but can be used as a
substitute for PG efficiently.
Lnt consists of 512 amino acids and is comprised of six
transmembrane segments. Lnt has six transmembrane
(TMS) segments with both the carboxy-terminus and
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amino-terminus exposed towards the cytoplasm (83). A
large, 79 amino acid long, cytoplasmic loop (CL-2) is
present between TMS-IV and TMS-V and contains two
hydrophobic segments (TMS-IVa and TMS-IVb) (83).
These hydrophobic segments are not fully integrated into the
membrane and are partially exposed to the cytoplasm (Fig.
2c). Similar morphology to a reentrant loop motif, these
segments may be used for channeling in substrates, but CL-2
lacks key secondary structure for a reentrant loop (84). It is
hypothesized that instead, CL-2 forms a titled fold similar
to an intramembrane protease GlpG in E. coli (85, 86). Lnt
also contains a periplasmic exposed nitrilase domain between
TSM-V and TSM-VI (83). It is proposed that CL-2, TSMIVa, and TSM-IVb are surrounded by the six TMS forming
a beta-barrel-like structure (85). Lnt contains a catalytic
cavity inside the beta-barrel-like structure, but the lipoprotein
substrate enters the structure laterally, a mechanism similar
to integral membrane proteins (87), Lnt also exists as a
thioester acyl intermediate to allow for higher processivity and
acylation for essential OM-bound lipoproteins (52).
The mechanism for acylation transfer is a two-step process
comprised of auto-acylation followed by acyl transfer. The
mechanism for acylation transfer is most likely a two-step
process, auto-acylation followed by acyl transfer (52, 81).
Due to the massive amount of lipoproteins transported to the
OM and the low abundance of the enzyme, Lnt existing as
an acylated intermediate allows for higher processivity of the
acyl transfer (52, 81). The active site of Lnt is in the nitrilase
domain exposed to the periplasm. For auto-acylation, C387
sulfhydryl group initiates with a nucleophilic attack on the
alpha carbonyl of a phospholipid. The resonance from E267
attacks the hydrogen on C387 sulfhydryl group allowing the
fatty acid chain to remain on C387, yielding a thioester acyl
Lnt (52). For the acyl transfer, the newly exposed nitrogen on
the di- acylated lipoprotein then attacks the alpha-carbon of
the acyl group on C387. The next step requires C387, K335,
and E267 on the nitrilase domain, W237 on the β1/α1 loop,
F358 and M362 on β5/ β6 loop, and R139 and P147 on
CL-2 (85).
Lnt is essential in E. coli containing the LolCDE pathways,
but not other Gram-negative bacteria which have LolFD
pathways. In E. coli, lnt is essential. Without the final acyl

modification, OM destined lipoproteins are mislocalized (77).
This results in envelope stress and an inability to produce
functional channel proteins (73). However, in Acinetobacter
baylyi, Acinetobacter baumannii, Francisella tularensis, and
Neisseria gonorrhoeae, lnt is not essential (88). It is unclear
if these Gram-negative bacteria can translocate di-acylated
lipoproteins or another enzyme performs the same function.
Francisella and Acinetobacter produce a novel Lol complex,
LolDF, as opposed to the LolCDE characterized in E. coli
and many other Gram-negative bacteria (41) (Fig. 1b). In
transcriptomic studies of Lnt deficient A. baylyi, LolA is
upregulated significantly (88) but it is improbable that this
upregulation can solely account for A. baylyi survival in Lnt
deficient states. Data from the same transcriptome set shows
a twenty-fold increase in hslJ, gene expression in Lnt deficient
A. baylyi (88). Additionally, a crystal structures of E. coli LolA
(89) and putative structure of E. coli HslJ (NP_415897.1,
EMBL-EBI) are very similar in structure. Due to the highly
specific mouth-to-mouth transfer mechanism (90) that LolA
and LolB interact with one another to transfer their inner
lipoprotein cargo, homology in structure among LolA and
HslJ is a reasonable cause to investigate HslJ as a potential
chaperone suppressing the deleterious effects of
Lnt deficiency.

unknown (Fig. 1b) (88). By exploiting the ability of A. baylyi
to survive in Lnt-deficient cellular environments we can use
A. baylyi as a model to explore novel lipoprotein processing
and transportation constituents. Uncovering the mechanism
of which A. baylyi can overcome Lnt deficiency is essential
and in doing so, we open new avenues of non-canonical OM
biogenesis pathways and chemical interventions.

Acknowledgements
This work was supported by the National Science Foundation
under Grant No. 1615822 to NWR

Concluding Remarks
The lipoprotein sorting pathway is more complex than
initially thought, the complexity and conditionally
essential nature of the genes involved in the processing and
transportation pathways provides opportunities to develop
additional antimicrobial compounds for both clinical and
small molecule pathway-probing applications. Though it
was initially assumed that the action of Lgt, LspA, and Lnt
were needed for lipoprotein biogenesis in all Gram-negative
bacteria, this now seems to be an over-simplification. It is
certainly true that most Gram-negatives require functional
Lgt, LspA, and Lnt to be viable (50, 52, 83). However, it
is now clear that there are many exceptions to this rule. A.
baylyi is viable without Lnt and requires no other genetic
manipulations to grow (88). In this species, the potentially
more promiscuous LolCDE analog LolDF is used and a
di-acylated lipoprotein is able to be recognized for transport
instead of one that is tri-acylated by a mechanism that is still
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Glossary of Terms
β-barrel assembly machine (BAM): Five-protein complex that assembles β-barrel proteins into the outer membrane
General secretion (Sec) pathway: System for exporting unfolded proteins from the cytoplasm into the inner membrane
Twin arginine translocation (Tat) pathway: System for exporting folded proteins from the cytoplasm into the inner
membrane
Lipopolysaccharide Transport (Lpt) machinery: Transporter system to shuttle lipopolysaccharides across the periplasm to the
outer membrane
Localization of lipoprotein (Lol) pathway: Pathway responsible for trafficking mature lipoproteins from the inner membrane
to the outer membrane
Pre-prolipoprotein: Precursor lipoproteins exported from the cytoplasm prior to acylation by Lgt Prolipoprotein: Precursor
lipoprotein with two acyl chains from the action of Lgt and with a still-intact signal peptide
Apo-lipoprotein: Di-acylated precursor lipoprotein with cleaved signal peptide prior to final acylation from Lnt
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