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Abstract Halophiles are extremophilic microorganisms able to grow in high-salt and high-pH

environments. Synthetic biology studies on halophilic bacteria lead to the development of “Next Generation
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Industrial Biotechnology” (NGIB). Engineered Halomonas spp. is succeeded in the production of various
polyhydroxyalkanoates (PHA) and their co-productions with other high value-added chemicals, under
continuous and nonsterile fermentation processes using seawater to replace fresh water. NGIB based on
halophilic bacteria provides advantages including energy-saving, water-saving, time-saving, less process
complexity and low-cost. It will help to become “Carbon Neutral” for our society. This article analyzes
the characteristics of the next generation of industrial biotechnology based on halophilic bacteria and their
synthetic biology, providing a new perspective and ideas for synthetic biology and the next generation of
industrial biotechnology.
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()38 B AR E N 0.3~0.8 mol/L (1.7%~4.8%) ,
Hh R NG EL IR WS B SRR N 0.8~3.4 mol/L
(4.8%~20%) , g 3h i AL V)i B #h W B2 A
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Eh A R (Halomonas) 5& — 0 FEWE Eh 10
AW, FIIE 5%~25% I3k iR RE VU P9 R R A
Koo SRR 2 22 IR AR A B, — e
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W, —REMAOEBRFEOETE, wmES0 2k
I 1) (RS T B M AR TR, BB AR kAR

3 REENSREMFLE

g6 20 tHZ8 90 FFARMI NSREE AL TR 58
%, AR TR A BHE R UL RGUEY
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R BT 0T e B G 0 4k B 2% DL K i
T BT 1) 1] B 45 18] 52 P 31 (Clustered
Regularly Interspaced Short Palindromic Repeats,
CRISPR) Al CRISPR 425 £ 4 (CRISPR-associated
protein, Cas) 2] CRISPR/Cas9 R 4.
CRISPR/AID (CRISPR/Auxin-Inducible Degron) %
4i. CRISPRi(CRISPR interference) &%t, X #S
AT TR AR 1) J A A 2 O R b R et B
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F#fEH CRISPR Al Cas £ H41HH) CRISPR/Cas
ARG, XA MR AR AN AL RN AR R R
I RAR AP JE4ER, JEF CRISPR/
Cas )2 PR AR QR AL 2 AT A R, 1% &
ZeRE T LB B [ DNA 75151 % Cas 8 PR

(a) PN 15 GRORA54L: 50 000 X)
Bl 1 th#EE Halomonas campaniensis LS21 iE 518 55

(b) FEAAR L 5 GEOR A% 8 000X)

Fig. 1 Transmission electron microscopy of Halomonas campaniensis LS21
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Fig.2 The CRISPR/Cas9 gene editing tool for halophilic bacteria
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Fig. 3 Protein expression tools for halophilic bacteria
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PHA, G817 PHA SEIIRmE. tbih, HR40
MOARFA Bl TN i e 45 TR i 1) 4 B UG 4R HE B
BEAR =) 73 1 A

S8 R 2 A RR AT DA DA K 4 i 5 ARG FE
T T RTIERMMTERE, KEHHHRgE
A MreB 400 288 1 BA 4ERRAM O A 2 A0 5
FERIVER, g s A KM KT LT, mreB
() ok 53k B 90 A 502 AT R 4 L P A bR 2
Vi e BULE WS 3 M M Halomonas campaniensis
LS21 ¥ SGiikx mreB, SIL4HHEEIE 4L H
AR, oM ERTIE 5 um, A)EE
I 26 PE Bl #h R 1A MreB, #4000 75 & B 5 #A
B AL AR RGO, SEIL T 2R -3-52 T 18 (Poly
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FARIK FtsZ-GFP BAQ FtsZ, 1370230 A Re
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56wt% T2 T8wt%. MinC & [ 7] LA FtsZ
SR ZEE, MinD 7] LUBGE MinC 25 X FtsZ
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4.1 HKFRFENSHFIA
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MU Halomonas bluephagenesis TD i £h 58
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Fig. 4 Open non-sterilizing continuous fermentation system of the next generation of industrial biotechnology processes

based on halophilic bacteria™
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B LN e s N AV ORI 22 S5 % N 7

T PHA S &M$Em, EHFT BUR. o,
PHA & &M &S AT DL B =P A s, T
H2 &L 90wt% I, 7 LLE & fif 7> B4
FIWAE PHA RIRBULFEMAL L TE. RS
H DR R TRAA 2 AR AR v 5 4 3% B T A 1) X
B, BRKEREE S LWHHIIER I LA
KECPIR . HEETE Halomonas sp. TDO8 Hid 3
18 minCD, 2R 2 L2 E 8 m, &8
KR 100 wm, KB 22 A0 B 28 58 Al N R
AYTREIN s Fth B2 B ) /N B A4 3[R DT
B, HOIdRERTERRE 12 h WoER, A EEEEO
B BREY . T, AT RS I EGE T AT
B B, AR AkEmi e, DASEELAE Tk faife ™
VI 53 B8 ARG IR, ety BNt TR],  FRARAE ™ ik
AR TR A, PISEigm 5 A mEEBR RS 1.
45 SEERBILES

FE A= R, i R IR AT LR &
REAR R & WA= 6e 0, FRARAE DB 7 1 2
H, (8T Rl saith T2, Mm$em L r= 2
HBEARAE A, H—EHHRLN. EEEER
ME AR, KRB A, ORI A A

WEEMER. B THERFNARSLUSH LR
MERRIFEARAT, P DAASESS AT LA Halomonas
bluephagenesis TDO1 A0 5, AT T
KL W, BEEEEEAT T 7L /MK 1000 L AT
5000 L HAR" 1, 200 T TolkAEM I 38 5 T8,
FIRIG T BAR I 25

T T E AN [ i B2 N 01 00 A D it 3R AT 2 e 2
MEEHAB T, 2] T AR AR RNARIE
F BRGS0 B AN [ B A A S 0 32
AN, R X e Rt S A i R A . BR 4L
8 5 S I R AN S 50 TR AR X 4%, ok B g
R R ER IR A AR RS HAIE
ORI, ARSI AR A A A W S
BT EHGRAE T W S B SR S
THENEAR . BIMEEAR S EY RS S,
ERTHISE 3t |, Rk AR EAE
P E 3R 2 DhRe ) B sh A = 42 1A

i bprid, 53R T AEMHE A (Modern
Industrial Biotechnology, CIB) Al{t Ti % (Chemical
processes, CI)#HtL, NGIB EAHEZA A, NEW
il B IR AR gttt T alRe GR D .

#F 1 NGIB 5 CIB LA CI fytbE
Table 1 Comparison of NGIB with CIB and CI

FI CIB CI NGIB NGIB HARH AR
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fE G PN K 7N TC T el e K

FEK = [ i FEi/K B i B KA R
FEIA R 1% [ = I A R R A
U iy =/ = (= {lis RECNEF M| (&
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RS RS puzze by PREF T b 2 KA T
JRIKAE LS =FS fA] Hp. TG I A K
SR K AHER KN T K WK NTHEKEGE pH kK
FEIG RS IR 3 B w5 A5 25 TR I R4 IR
bjen 52 E913 & ORARRD w (HIRG D 1% ORARD IR A IRA Ja

& ANEEAN RN AEFEN ., R AR KR 5 e T e X A L SR A
IARBOR BT — & by TR KA BEAE R 4% il it
LR BUF R by PRI 2

S S S AL AN ) it TEALA

Halomonas /2

FEEMW Halomonas t5i&FEL
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