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requires complicated sterilization procedures,high consumption of fresh water and energy, and expensive wastewater
treatment processes. Therefore, it is urgent to develop the "Next Generation Industrial Biotechnology (NGIB)". The
NGIB based on Halomonas spp. has many advantages, including: (1) energy-saving: no need for sterilization at high
temperature and high pressure; (2) water-saving: use seawater instead of fresh water, and water can be recycled; (3)
time-saving: production process can be continuous; (4) less investment in equipment: no need to use stainless steel
fermentation system, instead, plastic, ceramics or even cement can be used as bioreactors; (5) high concentration of
final product, bacteria can produce products at a high concentration; (6) simplification of separation process: increase
bacterial volume or surface charge, which is conducive to gravity or self-flocculation precipitation. Based on the newly
developed ‘Next Generation Industrial Biotechnology’ , this paper systematically introduces the latest progress in
recent years in the fields such as strengthening technical advantages, development of biobricks and control parts
including the porin promoter library, CRISPRi, CRISPR/Cas9 gene editing system, production of new products
including poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), Poly(3-hydroxybutyrate-co-4-hydroxybutyrate)
(P3HB4HB) and Bio-surfactant Protein PhaP, optimization of separation process, scale up of fermentation processes,
and recycling of wastewater. With the application of synthetic biology, the efficiency of NGIB has been continuously
improved, and its advantages are obvious. Nevertheless, NGIB also faces some technical challenges, particularly
treatment of salt containing wastewater. NGIB will further improve the recycling strategy of high salt wastewater,
develop control modules under high cell density fermentation conditions, strengthen the design of low-cost substrate
utilization ways, expand the scale and application fields, and achieve the mass production of various chemicals. The
continuous improvement of NGIB will provide strong support for the competitiveness of green bio-manufacturing.
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Fig. 2 Engineering halophilic Halomonas spp. for NGIB tools (a), methods (b) and production of multiple products (c)
I—Porin promoter expression system; 2—T7-like expression system; 3—CRISPRIi engineering system; 4—CRISPR/Cas9 engineering system;
S—increasing oxygen availability; 6—morphology engineering; 7—high-cell-density growth; 8—large-scale fermentation;
9—PHA product types(PHB, PHBV, and P3HB4HB); 10—other products (PhaP, PhaR, ALA, and ectoine)
gRNA—guide RNA; PHBV—poly(3-hydroxybutyrate-co-3-hydroxyvalerate); RBS—ribosome binding site;
sgRNA—single-guide RNA; VHb—Vitreoscilla hemoglobin
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B A PR AR 60% 72 A7, R 2 7 B 2 4 A o 3t 47
A I T8 AR RS A ECR A 72 . £ 5000
LEMHE 4K 3605, CODWIEE 100 g/L, &
60.4% P(3HB-co-13.5% 4HB), @it L4k KE £ K F
I &, P3HB4HB & 2153 74%. fEWE 31 s
MK REES FHRR T EME, aRtFR T
—kRaE . L. KA. S84 P3HB4HB 55
Z R R I G T2
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(a) fiTH T7-like i S RIE RS =77 PHB; (b)) FHAEAH X BRIETE H. bluephagenesis TD08 (prpC 3 F i) W AR A7 PHBV; (¢) #I
F y-"T PN 5 18 %1 B8 72 H. bluephagenesis TD40 H1 42 7= P3HB4HB; (d) 7£ H. bluephagenesis TD (phaCibk) P Ak o AE ™ PhaP 8 H ;
(e) 7E H. bluephagenesis TD (phaC @) Wk A= PhaR 8 H s () TEMK B KM H. campaniensis LS21 H GmreB % Rl i bk 5k
HfsZ BRI EBRD A7 PHB; (g) 35— 5000L A K B IF U 4 ¥ kL K BEBE, Halomonas spp. 15 K WG o A4E K
Ch) fE H. bluephagenesis TD LTT22 # 4 7% ALA
HRH: phaC—4%itE PHA &8 phad— it B-TH i iR B phaB— %% A% NADPH HE Bt 2, Tk 2, L 4T B A 38 SR 8 s prpC— 9 i 2- 47 15 12 FF g
. orfZ— T 2K R T A s mreB— B DAL SR s fisZ— RIS AN R s AfisZe < fisZ-gfp—afp R A fisZ 3 A
M Cir, A5 HLKRINAE: heml—%ith ALA & FE
Fig. 3 Engineering halophilic Halomonas spp. for production of multiple PHA products
(a) Production of PHB using T7-like expression system in /. bluephagenesis TD-HIGH; (b) Production of PHBV in H. bluephagenesis TD08
(without prpC) in the absence of propionic acid; (c) Production of P34HB in H. bluephagenesis TD40 using y-butyrolactone and
glucose as carbon sources; (d) Production of PhaP in H. bluephagenesis TD (without phaC); (e) Production of PhaR by
H. bluephagenesis TD (without phaC); (f) Production of PHB by enlarged or elongated H. campaniensis LS21 without mreB and
deficient ftsZ, respectively; (g) The first S000L plastic fermentor used to grow Halomonas spp. under open unsterile and continuous
conditions; (h) Production of ALA in H. bluephagenesis TD LTT22
Genes: phaC—encoding PHA synthase; phad—encoding f-ketothiolase; phaB—encoding NADPH dependent acetoacetyl-CoA
reductase; prpC—encoding 2-methylcitrate synthase; orfZ—encoding 2-methylcitrate synthase; mreB—encoding cytoskeleton protein;
ftsZ—encoding cell division protein; AftsZ::ftsZ-gfp—a gfp gene was inserted into the C-terminal of ftsZ to destroy its function;

heml—encoding 5-amino-levulinic acid synthase
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Tab.1 Next generation industrial biotechnology (NGIB) compared with current industrial biotechnology
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