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One-pot synthesis of itaconic acid by engineered Halomonas
bluephagenesis TDZI-08

ZHANG Jing"*, YUAN Yue', WANG Zhiwen', CHEN Tao"

1 Frontier Science Center for Synthetic Biology and Key Laboratory of Systems Bioengineering, Ministry of Education,
School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China
2 College of Agricultural and Biological Engineering, Heze University, Heze 274000, Shandong, China

Abstract: Itaconic acid (IA) is one of the twelve high value-added platform compounds applied
in various fields including coatings, adhesives, plastics, resins, and biofuels. In this study, we
established a one-pot catalytic synthesis system for IA from citric acid based on the engineered
salt-tolerant bacterial strain Halomonas bluephagenesis TDZI-08 after investigating factors that
hindered the process and optimizing the carbon source, nitrogen source, inducer addition time,
and surfactant dosage. The open, non-sterile, one-pot synthesis with TDZI-08 in a 5 L fermenter
achieved the highest IA titer of 40.50 g/L, with a catalytic yield of 0.68 g IA/g citric acid during
the catalytic stage and a total yield of 0.42 g IA/g (citric acid+gluconic acid). The one-pot
synthesis system established in this study is simple and does not need sterilization or aseptic
operations. The findings indicate the potential of H. bluephagenesis for industrial production

of TA.
Keywords: Halomonas bluephagenesis; itaconic acid; one-pot synthesis; process optimization

A< FE R (itaconic acid, 1A), HL#EFR KV H 5
TR, EEEREIEERAATHY 12 Fhis e
BUEYZ—, TELFYE . WRE R R A 7 i
HEBEERUY, KRR T S A
R R, Hop i W) K Bk e Tl A 7=
A BRER Y =271k AR B BUE AR IR I =R TR
Fi(tricarboxylic acid cycle, TCA)H ] 7= ¥krts
BRI K, 2805 3k R i (aconitase, ACN)EALFE AL
Ty S R, G Sk PR P ph O Sk TR IS R T
(Cis-aconitate decarboxylase, CAD)H Ak AY Ay 4K B
2 o HEG Tk B B4 7 kA 22 R B il
%% (Aspergillus terreus) Fil T K M 14 (Ustilago
maydis), 7 w0 n] Alik 160 g/L il 220 g/L
KRR, SR, ZRE R EA A K
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(Aspergillus niger)'®™ | K % ¥ 1 (Escherichia
col)™ | 4+ & W& #% IR FF H#i (Corynebacterium
glutamicum)!'" F1 f# g BB X B £ (Yarrowia
lipolyti ca)'' "3 48 th Bl Bl 5 I 1) FH K e vk A A
FEmR, HH P ROk E 54.6 g/LM)im{kT KR4
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[ B (Shewanella livingstonensis) 1 £k 84 ity 4
(Halomonas bluephagenesis) 4 i#F 17X i L F2 2t
i, IR CARA R AR AN A S AR, 4 B
RV TR S A A RIR (3R 1) #h B i fifk
RYRAVE AT N, il 7R S
TD1.0 | AKERERA: W6 i 75 2 K (CAD
it L[N cadA FI ACN #ihd L[ acn), JLgkik
A FPEABEE 1 JE R groESL | 38 i PR i Al 3 K acn
P DB gk se g iR L I Rk, 015 T TR
xR 1 SHELITIRER S K RER

Pk TDZI-08 (Kl 1). FEPLILZAMET, TDZI-08 4
AL P R B R 7 4R 63.60 /L AR, R
2k BRI T A Ak R 8 A R R ™ i R AIR
TRIGHE#ERGEGEE D, Bl THAMEA
A VG ER BB , 2E Tk v AT R T R
AR ESLREFR AR TR A 7 LA A
FERARY S B, XHERFETE TDZI-08 fiEfb iy
BERR A PP AR IR L S A T IR AW 5 o H T
b AR 7 A S LA

Table 1 Whole cell catalytic synthesis of IA from citric acid

Strains Strategies Process Titer (g/L) Yield (g/g)* References
Escherichia coli Self-assembled reaction of aconitase (ACO) and Two-step 8.70 0.10 [15]
Rosetta(DE3) CAD via protein-peptide interaction cell catalysis

E. coli Y002 Overexpression of acn and multiple cadA 41.60 0.48 [16]

E. coli Optimize CAD and synthesizing protein scaffolds to Two-step 51.79 - [17]

BL-CAR470E-DS/A-CS co-localize ACO and CAD cell catalysis

E. coli AtCg Overexpression of cadA and acnA under dual T7 Two-step 67.00 0.35 [18]
promoters; optimization parameter and medium cell catalysis
E. coli Lemo21(DE3)  Overexpression of acn and cadA; cold treatment for Two-step 98.17 0.51 [19]
24 h; integration of groESL to chromosome cell catalysis
H. bluephagenesis Expression of cadA and acn; co-expression of Two-step 63.60 0.63 [20]
TDZI-08 molecular chaperone GroESL; increasing the copy  cell catalysis
number of the acn; downregulation of isocitrate
dehydrogenase encoding gene icd; optimization the
reaction conditions
H. bluephagenesis Process optimization One-pot 40.50 0.68 This study
TDZI-08 synthesis
: The yield was calculated according to the following formula: concentration of TA produced (g/L)/concentration of citric acid
consumed (g/L).
Citric acid
e Cis-aconitate
Citric amd Cis-aconitic acid Itaconic acnd

[taconic acid
El1 HFEE TDZI-08 LITEER AKYE K RELHEZE
Figure 1 Pathway diagram of the synthesis of A using citric acid as substrate in Halomonas bluephagenesis
TDZI-08.
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FIFH TAEE M TDZI-08 WA safifh & ik
IR, T 2L EF B p & A, AR5
LUl DR ST R IR R S ERER 3 2 AL
HEF AL, BB T AR T RS0 Tl Ak
AP AT AT, AR ET TR R K
TDZI-08 JF & T —Hik & AR 1.2, iE i HE
AR R . ARRRIE . R . 15T RS s e
RGBS ESE, S TR . B
A B — A4k, ZE TP A K B 25 0F i
T — B AT A AR R R , TR AL T T2
B2, AR TIREAETREE, SERER L%
JR A HESHME.

P

1.1 E#k

A S 35 it {0 TR AR A T 0 A R 2 A
) TRk £R PR B H. bluephagenesis TDZI-082%,
1.2 EFRE

LB ¥igidt(g/L): MEbHhiEdy 5.0, BEEN
i 10.0, S fLEN 10.0.

60-LB 555 5(g/L): FERERAEY) 5.0, AR
1 10.0, S fb4H 60.0,

60-MM 15773 (g/L): FALEN 60.0, ML
#) 5.0, Na,HPO,12H,0 9.7, KH,PO, 1.5, MgSO,
0.2, NH,C1 1.0, ¥#¥I110.0 mL, A1 1.0 mL,
R S 0 757 S WA 0113 A A TR A A 2 TR
WERIE, %A 5.0 mol/L NaOH ¥ Wiid pH %=
8.5-9.0,

W1 (g/L): Frigmeke 5.0, CaCl, 2.0,
FH 1.0 mol/L HCI ¥ & B il

%W N (mg/l) : ZnSO,7H,O0 100.0 ,
CoCl,:6H,0 100.0, H;BO; 300.0, CuSO,5H,0
10.0, MnCl,4H,0 30.0, NiCl,;6H,0 20.0,
NaMoO,-2H,0 30.0.,

MM }53E8E(g/L): 7E 60-MM Fafit Bk

&: 010-64807509

60.0 g/L F LGN IR SRR IR AR IRAS B, FriEmR
A A B R B TR S ) (S B e T P o A R v
AT 0.68 mol/L LIAERRER FL TR A= 4 1235 )
iR, BEERREUY) 5.0+5 4k Er 1.0 B EEH
Wy 2.5+ F KKy 2.5+ 408 5.0 MAEIR, Ha
A,

R R B FHRTARAN 50.0 pg/mL I WEE 2
25.0 pg/mL FAE R .
—RiE A KRB /5 7%
H—80 °C {41 TDZI-08 Him& Wik, 7¢
THA RN 60-LB P BRIk, 37 °C #E K
24 h; PRI EETE HRD T S hiAE 1) 60-LB Wik
B3tk 37°C. 200 r/min #5535 12 h 345 —2%%
FI I BU—Z R P 1% (IRB B0 8Em
PR PR R0 60-LB ARG S5, 37 °C
200 r/min B55% 10-12 h 315 M7 B
PR T WL 10% (RSO REEESH
200 mL 60-MM JIAKEFRIEM 2 L i Pz
JH, 37 °C. 200 r/min 353%; 440 ODgoo N
30, IIAZLYEE S 1 mmol/L 57N HK-B-D-Fift
2k 2 B (isopropyl-B-D-thiogalactoside, IPTG),
30 °C. 200 r/min F5 34557 10 h; FEFEEHRE,
i A BERRIA TR (500 g/L) FiHIF4E+s pH £ 6.3
(IRl B LA BRI A IR A ), IR iR
TG PEFI A HEE X-100 (Triton X-100)LA 540
200 M 3 3 4 kR AT RO, AE 30 °C
200 r/min 50 T HFATHEAL SO . o R SRR
173N 2O SN R N DN E TR IR
It 2.3 FsdE Ak .
1.4 5L ZABEFM—RES RKRER

TRA W RS ERAE R 1.3 Pk, fE g
T 10% (RBRSBOEMREREZESA 2 L
60-MM W IART SRR 5 L R ERE( LB A CAY
BHEABRATDH, 37°C, 500 r/min 5537, Bk
5 3(500-800 r/min) FIFE 4R, AEHFIA A AE 30% 4
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s HiRdk . AR R BERER AN KR, e
T FANEHE TF i A T #4440 ODsoo
WRKE 15, IMAZLEER 1 mmol/L HY
IPTG, ¥ 230 °Cifi3Hidf 10 h; W40,
Pt NI ZE 500 r/min, WiIFES, A E
BRI (500 g/L) FFF4EF: pH £ 6.3, 4
0.03% Triton X-100, FEATFHEILINL, AR
7 AN P e 45 1k S
1.5 HpRsEIE R KR E 89N E

240 A= 9 0 600 nm A YA (OD goo)
Fon, WU IRRGE AR RIS, RSNt
TU-1801 (b5t #r i JAX A% A BR 52 AF 24 7))l
SE 600 nm BT IIROGEE . ROWIIFTIRIR . K
TR U5 S A 0 e O TR M ) 25 R P o AR
AH €43 (high performance liquid chromatography,
HPLC)MI 22, Al 554k : HPLC FH%:i(Agilent
Technologies 23 ), 43 #i4E°5 Aminex HPX-87H
35 F:(300 mmx7.8 mm, 9 um, Bio-Rad 24 F)),
TEAR 0.5 mmol/L H,SOy, Jii#h 0.4 mL/min,
RN 60 °C, FrBIR . ACHRBRFIN L 3k iR R
LR ARG 2% (A 210 no) RGN , 7457 785 40 PR 4 R
FH7ZR ZERGI g A6 0

2 BER540

2.1 —REESBRAKREEYZ MR

J T SePA I FE b TDZI-08 HH 7 —H 4
AR, 7 60-MM 55323 N 32 /L i) —
IKEFHERR =B 24T 21 o/L P i)V A ik IR
PEATIR . RIS, 20 I HE 20 i %% B (ODgoo) i
F 13 W, WINIPTG HEATE S5 9%, 48h G
UREAS I 4 R A= 0 . A R B A i AR B
FEE, SERWE 2 Pran. TE ODgoo A 1 BFAITA
IPTG S84 E KAREHR SR, s s
(ODgoo) H 1.73, HAUBAET 4.30 g/L #rETR,
JLTPEA R FERRAE (A 2); 24 ODegoo A 3 W1
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IPTG S8 9E, i ERKA RSk, 4
ODgoo it 151 4 8.04, THFE T 14.10 g/LATHERR, H
KRR AR 50.81 g/L) (K 2). Z5H3%H]
— BT A A R R A BCRARMK, S $ i HL A
RO, T s R A T HEA ML

22 —WRIEAMNKREEEZIMERIRE

RIS & B0, 76 5k BR M T 200 B e Ak B A
IR R, dERERON AR P pH TE 6.0-6.5
FNES 022 V& P4 59 Triton X-100 A FRR B AL &
B EEACAER, BRI, T 60-MM $5 373
pH £9°% 9.0 HARSRMEMR, nIRESm—
FRIE A A BRRR 803 . it I A iy 2% 1
B g2 M S AN (LR KA SR BY), 48 hn i
1 mol/L HCI B335 pH TIRZE 6.5, FAMm
0.5% Triton X-100, LAFEAS Jil A i fiEfb 2%
AR BY), (BARRRR - e A 3, X%
A AT oAt e R 2%

AU 20 A i fifb st 2 B, 78 S AR &
TSN e e P A B 2 i 2 B R 1) B BUSCR
PL96 g/LATIER NI, SR R R 1 mol/L
SACENET, SN IEH, fEfL 47 h A 55 g/L K
FREIR (K 3A); MAEIKRR T 1 mol/L A Abih

! - [ ODgy,
g 161 eAaia

8 e [ Citric acid
- L
S 12F
= L
S 10_—
S 8F =
2 £
2 6
B 4L
<
et 2 [

N . ve

1 3

Initial cell density (ODy,,) for induction
2 FREMHEZEER IPTG FSMNREREAK
HIZ i
Figure 2 Effect of IPTG induction at different cell
density on IA synthesis.
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B, FriE R AR atg , fifk 45 h AU E
15 o/L AR (K 3B), HHT 60-MM FE 5 &
60 g/L EAEN(HE 4T 1 mol/L S AL EN) LAGEFEh 2
M A T AT BB, I AT e vk A
FEEIIAEAERZ I T — B B A BRIR 1 50%

R PR RETE SR AR T AR, mR AN T
JEHOE R A KR, R T HERR S Ak X
A FRETR G LR 52, fi AT IR IR Al Eh B AR S Ak
TALAE R R PR B A IR AR K. SRR K
& S AL e o 40-80 /L, bk
40 g/L FALBAXT N P 4R S M B2 (0.68 mol/L)L
B 8 AP AR AR T AR A I, 1 60-MM 5555
PRl MM, BIFH 67 gL —IKEF R =S
0.68 mol/L #H S Tyt 60 g/L Ak, HARS
AAE DL MM OISR T = B AR (1) &
KBrBL, 15375 pH ] 5 mol/L NaOH 4% 9.0, 1E
37 °C. 200 vmin F¥53%; (2) WHePrB. 4l
ODgoo B2 3 i, A IPTG, 30 °C. 200 r/min
W FRE 24 h, pH 4EHFTE 8.5-9.0; (3) fitfk
MrBL, Wi 0.5% Triton X-100, FFdi A EERRIA
(500 g/L)¥ pH T8 Z 6.3, T 30°C. 200 r/min
N TAN AL, LR AT RV IR (500 g/L)

o \ —
RN i
2 40 =
Z An 20
4 . . . . o
0 10 20 30 40 50
Time (h)

Herppail pH A 6.3 2247 s BUREIDEFT IR . K
J5RE T ARIAL % Sk R vk L S A ODgoo, 25 A 4N
B 4 Fix. MEESREFEGQ4 h BHNES
ODgoo N 9.2, ¥ MEILBYBLG, ODgoo TR 13
& 3 K4, BMERERETRER 2 A A
ODgoo I FEIIAR K JEH J& Triton X-100 A% 0
FEA MRS E, O —E W EZE R Triton X-100
AT AR I 240 e BB ) 235 4y, ol 200 i 5 o £ g o
J2 R AV RS B MR R A KNS T B
JUF- B AR FERR 77 4 (<0.1 g/L), 75 pH N 6.3
o, KBERHIRERE, FEmAT 3.50 g/L K
IR . UL E45REW LT LA s, M
pH FIMERAEMERE , o723 —8 kA
KPR .
23 —REEHNKERIRIZMK
ARV T — Wik & R R A T
2, RSP AIEA H, A RERR Y 7 i
PHEAR, DR DR — 5 3 15 57 B 445 1) 4t g
(I E ODgoo {¥ 9.2) KA EL, A T HE 4 i
i, KRR AR TS . AR IPTG BN nmst
EHEA TR A o b, b 2 T 1 2 390 10 % o Al
AT Tk

= —
5 50 t 20
o 40 <
=R —1
[ZT 1 " Il N 1 N 1 N I 0
0 10 20 30 40 50
Time (h)

B3 SRESHHNARELITRIREEKREREENEMW A AR DA 1 mol/L A L. B:

AR Z T 1 mol/L S ALEN

Figure 3 Effect of high concentration sodium chloride on the efficiency of cell-catalyzed IA synthesis. A:
Catalytic system without 1 mol/L sodium chloride. B: Catalytic system containing 1 mol/L sodium chloride.
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231 fieiRiBEMEIRE

N T e TR AR, KR
BIESEE, RSN e AR IR S 2 0.77 mol/L
(FH4F 45 /L EALEN I & AN S TR E) . ek
T R NI A A At S g R, R B
80 g/L HiZEMEREN MBRIE, 2.5 o/L ERHEE)
2.5 g/L FRETHAAEIERT, SR A
RAf; eoh, ARSI L8, BaEibe
WHEHR R 2 5 g/L ol DL (R R i iy A
(PR AR &) FIL, RAI80 g/L #i%iHH
FRENFN 40 g/L /K SATETR — AN (RN B Tk i
9 0.77 moVLYIRG W NakIE, [FIEHASIN 2.5 /L
FEREPRE . 2.5 g/L SR TRy S o/L S fbik
SRR, HFEERHME TDZI-08 ik H 41
A KRR FRIR P A G 0 . S5 SRR B, AR TR
MRS , A A K A B R 1) A R AT
W1 et (B 5). TEAKB B, A sy
£, B3R 17 h i ODgoo 3231 305 7E 17 h BJES N
0.5% Triton X-100 Jf- i IFFE R (500 g/L) T
3 pH 2 6.3 5 A fiEfbBrBL, ODgoo M2 10 (X2
M TR G PERN] Triton X-100 3040024 fi iy
#H); FEMEEPT B RR IR G, £ 36 h 1Y
WAL R T 22.33 g/L K RERR (A 5).

4 —IREESHRKRREEXESH
Figure 4 Characterization of one-pot synthesis of IA.
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Growth and

induction phases Catalysis phases
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& 90 —o—Citric acid —e— Sodium gluconate 1.0
2 20 b *~ODey v— Cis-aconitate —a— 1A {24 ’
< -~
g 70t 20 10.83
3 =3 60 [ &D
23 40f 122 g
S8 <104 2
wn 30 r 4 8 — :'4
< 2
g 10r
E‘» % " 1 L L 0 0
© 0 12 24 36 48 60

Time (h)

5 BERIRFAEIRX REFE . A KK
FRESE = EBIF2 00

Figure 5 Substrate consumption, cell growth, and
IA production after changing carbon and nitrogen
sources.

SR, 76 BB S N A A PR U AE AR K
WY BoAT AR TH AR, HEALBY B AN BB A T A B R 1)
B, 5 SO R A KSR A (6070 g/L)
(F 5)o R AL TR A TR SRS T 7 5
BIMERE B R ARIR A b A R R B S
o UL, W T AR IR AR R R A T
P AE RIS THFENE O . (1) 30 o/L #jZ4Hk
BREN+67 g/L /K GHTIEIR —4N; (2) 20 g/L #i%)
WEEREN+TS o/l KGR —4h. 25 A 6
s, Boke 1 B4l ODgoy (ODgoo A 54)H SR
W& & THCEL 2 (ODeoo K 50), 1HBE RIS HC I
1 P PR IR AR 2 11 g/L, TG L 2 P4
B 4N RE 5 0 58 AT 6, T B A R F 5 221
srEsslifh. EHE, IR 2 /5 MM $;
FRIE I
2.3.2 1L IPTG SR NATIE)

FIHARE 5T 2 I 3E 4R IPTG WS ng By 3%
I SR AR DL 20 /L A B R
475 /L “IKEITBERR = A, 2.5 g/L
BRI 2.5 /L R TRy AN 5 o/L Akl
RIBEEFR R A E TDZI-08, 441l ODeoo 4351
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WKE 7, 11, 14 F15 B, B0 IPTG 3%
Bi 4% 10 h, SRJSVRIN 0.5% Triton X-100 -3
FrBERRHR(S00 /L) F i pH % 6.3, 4 hfiEfk
BB I 36 he 535 e ODggo FIAK R
Ber Wl 7 FoR. MMl ODeoo 43414 7.

11, 14 F1 15 BHE N IPTG, #5345 354015 1 i
AU ODgoo 2301 25, 40, 47 Fl 54; #&/4~3)
FEHRRIER AN 20 /L 7 %5 BEIR M 24 9k 58 42 1H

A

s (g/L)

60 [+ Citric acid

—e— Sodium gluconate L

FE, BLAMESTHIHFET 56.67. 76.27. 94.96.
100.90 /L FrEl2; Mk 36 h AR ™ & 43
Wik 28.07. 36.51. 43.84. 44.77 g/L, KM
BRI 0.376,0.387.,0.388,0.380 g/g (i
EREIR AR R ) . DL b g R R OE Y R
IPTG ¥ 0 A F ol 3% 40 i A K MR R R &
A, EEEYINE ODgoo A 15 BHE R IPTG YIS N
A T)

—a— Citric acid
—a— Soadinm olnconate

1 (g/L)

60[

6 AT REIBGEECLL FRYEFEMMAERK  A:30 o/L MZAMEIRN+67 o/L —IK-SF IR =44. B:20 g/L

HIHIBERRN+T5 g/l K BHHETR =N

Figure 6 Substrate consumption and cell growth under different carbon source ratios. A: 30 g/L sodium
gluconate+67 g/L trisodium citrate dihydrate. B: 20 g/L sodium gluconate+75 g/L trisodium citrate dihydrate.
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1 ODgy
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T
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Initial cell density (ODyy) for induction

B 7 IPTG F S A #5440 AR 2 B (ODgoo) 3 40 A
KR RE = EHIF T

Figure 7 Effect of initial cell density (ODggg)
induced by IPTG on cell growth and IA production.
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233 MALFREIEETIRNE
i/ DR NG R, % Triton X-100
IR Tk . PL 20 g/L A2 iR EN+75 g/L
TOKEAFIERR SRR, 2.5 g/L BEREHR IR
Y. 2.5 g/L FARETHH S g/L S ALE R R,
B g B TDZI-08, 441 ODgoo 3 2 15
AN IPTG JF5 33535 10 h, AR 4051 0
0.01%. 0.02%. 0.03%# 0.05% Triton X-100 3f:
AP RR VA TR (500 g/L) B pH £ 6.3 % Wi
I B, AR BER 7 B A P3G A 28 0k RO
ZELAE 8 Fron. 4 Triton X-100 #AN&E N
0.03% F1 0.05% B, 4K B M2 e /= )™ 1 49 31 K
43.12 g/L (& 8C)F1 44.80 g/L (Kl 8D), St
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0.5%Ff Jo 225 (Kl 5); {H24 Triton X-100 #lHEE
FER 0.02%HF, Hy=4T 33.89 /L AR (A
8B), ARZIREZE 0.01%M, FAMAERIRIN 11.79 g/L
(F 8A). ik, SAIRUEMEILAYIE R i#E4T, Triton
X-100 T ANHELEEE N 0.03%.

2L, HE TR GRAEIR T2 ]
MM 5575520 g/L H AR EA+75 g/L —IKGH7
BERR =AM TR, 2.5 o/L BERHREU)+2.5 g/l &
KT H+5 g/L F bk ]y ZIR) AT = B Br s
Fro (1) EKFrEL: 15374 pH ] 5 mol/L NaOH
P 9.0, 37°C, 200 r/min 553% 10 h, AT
ODgoo 27 155 (2) BB« il ODgoo My 15 B,
BIA IPTG, 30 °C. 200 r/min ¥55853%, pH 4
FETE 8.5-9.0, 5% 10 h, ¥ ML EL; (3) i

8 A[E Triton X-100 ;RN £ %K REL S BRI

fEB B FFFIERRYA (500 g/LyFF pH T I3
AEFFTE 6.3, AN 0.03% Triton X-100, 7E 30 °C,
200 r/min Z&44 N #EFHEAL

A R 451, TDZI-08 TEFEH % FH—
BEAHALR Y 36 h A 43.12 g/L KB (R
200 mL), AKPrBIHFE T 20.0 o/L 5% FEIR N
(S 17.3 g/L #E MEER)FN 24.75 g/L Frigig , 4t
11 3.46 g A PHBR A 4.95 g FrEERR , AL B BL AL
IHFE 13.68 g #7158, MEALBT B RIS h
0.63 g/g #7IEIR , KRR BAFEN 0.39 g/g (i
FR+HIAETR) s ROVAR R b HA KRR . AP
A/b i A PP S R (<0.20 g/L), AHXT4E
e, MEF NS B SRR IO Al A | vk
ARFIPRIERAE, R

Figure 8 Effect of different Triton X-100 addition amounts on IA production. A: 0.01% Triton X-100. B:
0.02% Triton X-100. C: 0.03% Triton X-100. D: 0.05% Triton X-100.
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Figure 9  One-pot synthesis of IA in a 5 L
fermentation tank under open and unsterile
conditions.
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