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Progress on the protein secretion system of Gram-negative
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Abstract: Gram-negative bacteria, such as the commonly used Escherichia coli strains, have poor
protein secretion capacities due to their intricate double-layer membrane. This shortcoming limits the
production of Gram-negative bacteria for specific biopharmaceuticals and other bioproducts. Therefore,
the research on the protein secretion system of Gram-negative bacteria is of great significance. This
review summarized the knowledge about protein secretion system of Gram-negative bacteria, including

the secretion process, the types of secreted proteins, the structural information of the secretion system,

BEEWB: HZEARPERES(32060017); N5 H IR KR53 A TR M A1H A A AT H

Supported by: National Natural Science Foundation of China (32060017); Inner Mongolia Autonomous Region “Grassland
Talents” Engineering Industry Innovative Talent Team Project

*Corresponding author: E-mail: liuzy1979@yeah.net

Received: 2021-07-04; Accepted: 2021-09-26; Published online: 2021-11-09



782 (G ESEE

Microbiol. China

and the technologies for protein secretion research. Thus, this review will provide referential

information for studying the protein secretion mechanism in Gram-negative bacteria.

Keywords: Gram-negative bacteria; Escherichia coli; protein secretion system
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Figure 3 Schematic diagram of Sec, SPR and Tat secretion system
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Table 1 The main research technology of protein secretion system
Research methods  Technology (or principle) Advantage Disadvantage References
Subcellular Fluorescence microscopy (1) Visualize protein secretion (1) Requires green fluorescent  [64-70]
localization technology pathways protein (GFP) as a reporter
(2) Clear subcellular location  protein for ligation conversion,
and high resolution complicated operations
(2) Light damage to biological
samples
Electron microscopy Clear imaging, high resolution, (1) Slow operation and heavy [71-72]
relatively simple operation labor
(2) Complicated sample
preparation, easy to damage
Ultracentrifugation (1) Low cost and low pollution (1) Time-consuming, low [73-74]
(2) Large sample capacity exosome yield and high protein
contamination
(2) Loss of membrane integrity
Isotope labeling+  Use radioisotopes to label (1) Wide range of applications (1) Operators need to be [75-77]

autoradiography
technology

New research

proteins to track their (2) High accuracy, high

secretion pathways reproducibility, simplicity
(isotopic labeling includes (3) No chemical reactions are
three types: continuous required to modify proteins or
labeling, pulse labeling, peptides
and pulse labeling (4) Simple operation and low
post-tracking) cost
Combination of LOPIT (1) Effectively avoid protein
contamination of other
organelles during positioning
(2) One-time detection and
separation of protein

components of multiple

(3) Large-scale qualitative and
quantitative analysis of

different sub-organelle proteins

Large-scale screening of

methods method, free flow
electrophoresis technology
(FFE) and mass
spectrometry technology
organelles
Transposon Build a library through
insertion random insertion of

proteins related to
transposons, screen mutant transmembrane transport can
strains, and perform help locate the secretory

whole-genome sequencing pathway

professionally trained and must
have corresponding safety
protection measures and
conditions before they can operate
(2) Strictly control the dosage,
too much may cause radiation
damage to the sample

(1) Complex operation [63]
(2) Too much technology is

involved and difficult

(1) Complex operation [4]

(2) Longer period
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