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Figure 1. The preferential exclusion model for ectoine.
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Table 1. Halophilic and halotolerant bacteria used for ectoine production

Strains Titer/(g/L) Yield/(g/g dcw) }\)/roc:lllliiglicty Te/(L-d)] PHB/wt% Carbon sources References
H. elongata DSM2581  7.40 0.155 5.30 - Glucose [15]
H. boliviensis DSM 15516 9.60 - 9.10 - Glucose and glutamate [16]
C. salexigens DSM 3043 8.20 0.54 - - Glucose [17]
H. salina DSM 5928 14.86 - 7.75 - Glutamate [18]
H. salina BCRC17875  14.00 - 7.00 - Glutamate and yeast extract [19]
H. hydrothermalis Y2 10.50 0.22 2.50 - Glucose and glutamate [20]
B. sp. JICM 6894 2.40 0.15 0.34 - Peptone and yeast extract  [21]
H. boliviensis 15516 5.70 0.17 3.40 68.5 Glucose and glutamate [22]
H. salina DSM 5928 8.60 - - 35.3% Glucose and glutamate [23]
H. bluephagenesis 28.00 - - <10.0 Glucose and yeast extract [24]
TD-ADEL-58

H. bluephagenesis 8.00 - - 75.0 Glutamate and yeast extract [24]
TD-ADEL-58

B. epidermis DSM 20659 8.00 0.05 2.00 - Glutamate and yeast extract [26]

*: unit of measurement is gram.
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Table 2. Heterologous production of ectoines
Strains Gene sources Titer/(g/L) Yield/ Volume?rl.c Carbon sources Hydroxyectoines References
(g/g dew)  productivity/[g/(L-d)]
E. coli
E. coli M15 Bacillus 0.046 - - Peptone and - [28]
halodurans yeast extract
E. coli DH5a M. halophilus ND 0.570 - Glucose - [29]
E. coli BL21 (DE3) Halomonas  ND 0.025 - Peptone and - [30]
sp. OHLI yeast extract

E. coli SK51 P, stutzeri 1.500 1.000 - Glucose and - [31]
L-aspartate

E. coli BL21 (DE3) H. elongata  0.750 0.418 - Glucose - [32]

E. coli DH5a A. cryptum 1.700 2.900 - Glycerin - [33]

E. coli DH5a C. salexigens 6.00 0.300 0.96 Glucose - [34]

E. coli BW25113 H. elongata  25.100 4.048 25.10 L-aspartate and — [36]
glycerin

E. coli W3110 H. elongata  25.100 0.800 20.10 Glucose and - [38]
yeastextract

E. coli MG1655 H. elongata  12.700 - 12.70 L-aspartate and — [42]
glycerin

C. glutamicum

C. glutamicum P. stutzeri 4.500 - 6.70 Glucose and 5 umol(ge4m) [39]

ECT-2 yeast extract

C. glutamicum P stutzeri 65.300 - 27.80 Glucose and - [40]

ectABC™™ yeast extract

C. glutamicum C. salexigens 22.000 - 7.68 Glucose - [41]

Ecto5
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HEAH A 3 W, LA 3 Un, IR RERE G R
MK 63.4 g/LPY,

)5, Ning S FEIHEEN H elongata W
ectABC JERFRE ARG IR, FEE T DU Al msne 57
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Table 3. The function and application of ectoines
Functoins Applications References
Biological Protein
protection Enhance the stability of lactate dehydrogenase and phosphofructokinase under heating, freezing [43—44]
and drying
Improve the activity of milk catalase and enhance its stability [45]
Biofilm
Enhance the fluidity of cell membrane and enhance the resistance of cells [46]
DNA
Reduce genotoxicity caused by visible light and ultraviolet radiation [47-48]
Prevent DNA double-strand breaks caused by ionizing radiation [49]
Cell
Relieve the growth inhibition of E. coli caused by high salt and heat [50]
Induction of hsp70 expression in human keratinocytes [52]
Prevention and treatment of Staphylococcus aureus infection [53]
Application on cosmetics
Long term moisturizer to prevent skin dry and dehydration [54]
Reduce melanin deposition and whiten skin [55]
Reduce the skin damage caused by anionic surfactants and improve the safety of cleaning cosmetics ~ [56-57]
Biomedicine Treatment of allergic rhinitis, allergic dermatitis, chronic obstructive pneumonia, acute [58]
pharyngitis and inflammatory enteritis [59]
Prevent neutrophil pneumonia caused by nanoparticles [60-61]
Inhibit the formation of insulin amyloid [62]
Treatment of dry eye [63]
Scavenge hydroxyl free radicals, protect cells from oxidative damage [64]
Biotechnology Used in microbial fuel cells to increase the power of microbial fuel cells [65]
Used in the production of biodiesel [66]
Improve tobacco salt tolerance [67]
As a PCR reaction enhancer, improve amplification efficiency [69]
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Abstract: Extremophiles thrive in environments considered extreme for human life. To adapt to the extreme
environments, a distinct abundant group of microbial bioactive molecules was produced in the extremophiles.
Ectoine, as a compatible solute, was discovered originally in the halophilic bacterium and enable the bacteria to
survive in salty environments. In addition to be functional as an osmotic counterweight, ectoine was able to protect
proteins, nucleic acids, cell membranes and even the whole cells against various stressors such as heating, drying,
freezing and radiation. Therefore, ectoines exhibit great potential for the application in the fields of biomolecule
protection, biomedicine and biotechnology. With the development of synthetic biology and metabolic engineering,
the traditional approach for ectoine production in halophilic bacteria was replaced by heterologous production of
ectoines in the non-halophilic bacteria. In this paper, we overviewed the research progress on the microbial
production and application of ectoines, which provides an important reference for the future development and

commercial application of ectoines.
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