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Abstract: Increasing petroleum consumption and growing environmental concerns necessitate the sustainable
production of chemicals and fuels from renewable resources. By utilizing renewable resources as raw materials and
engineered microorganisms as the core tools, the bio-manufacturing of bio-based materials has become a hot research

topic due to its green and low-carbon advantages. m-Amino acids are a type of non-natural amino acids with amino and
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carboxyl groups located at the ends of the straight carbon chain. Self-cyclization of w-amino acids produce lactams,
which are the key monomers for the synthesis of polyamide materials, commonly known as nylon. Polyamide materials
have wide applications and a huge global market over seven million tons per year. Nowadays, polyamide materials and
their monomers are primarily produced through petrochemical routes with non-renewable resources. The research on
biosynthesis of these materials and monomers is still in the early stages, but significant progress has been made in
recent years. This review article systematically introduces the recent advances in the biosynthesis of ®-amino acids and
lactams. To achieve the bio-manufacturing of bio-based polyamide materials, researchers have designed artificial
biosynthetic pathways for ®w-amino acids from renewable carbon sources such as glucose. The key enzymes for the
cyclization of ® -amino acids to form lactams have been identified. By assembling the biosynthetic pathway in
microbial chassis such as Escherichia coli and Corynebacterium glutamicum, production of m-amino acids and lactams
have been achieved. Furthermore, the metabolic flux was fine-tuned by regulating and optimizing the expression of key
genes to improve the biosynthesis of w-amino acids and lactams. Besides, biosensors of lactams have been
developed to transfer the intracellular concentrations of lactams into easily detectable signals such as fluorescence.
Such biosensors have been successfully used for high-throughput screening of w-amino acid cyclization enzymes
and dynamic regulation of biosynthetic pathway. These effects have resulted in the successful biosynthesis of C,—Cq
®-amino acids and lactams. Particularly, using glucose as a raw material, the production of valerolactam by fed-
batch fermentation exceeded 70 g/L, with a productivity of about 1 g/(L-h), which approaches the level required for
industrialization and commercialization. Finally, the review article discusses the current challenges faced in the
biosynthesis of m-amino acids and lactams, including the low yield of biosynthetic pathways, rate-limitations posed

by key cyclization enzymes, and insufficient utilization of non-food carbon sources such as one-carbon compounds.
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Fig.1 Petrochemical route for synthesis of lactams and polyamides



%£5% www.synbioj.com 1353

PR Ak 58 N 26 A

E%riﬁ\

2 BRI T T ik

PN B e A A T 1 R R e A R R AR
HEfo-2 5K, FEESHMEERAMK. &
LAY A RN o- 2R EEA =2, 55k
GABA. 5-AVA M1 6-ACA, = o-ZEBRMAEMES
B WME 2R NI =l o- 2 51K (10 A4
A RO Tk AT VR N4

21 y-2aETRETRBRIIEYS K

2.1.1 BREBR AL

GABA 2 — M dEE A R a R, |2
L T Bl TEDRERD R 9T S ek, ok AN 35 B R
PRI AP M IE S 7 AR GABA
HE Rk B T L3 2 BRI AN AT I o- TR S B
SEPL, %O AR R S S0 TR U 1 1 - R
i 2 ¥ (L-glutamate decarboxylase, GAD) f# 1t
(E2) ", H T GABA A& BT % LA 4
UMEAGIER AV RIS (R D

Glucose
v
Fructose-6P
v v wil
L23-  Glyceraldehyde-3P —— - Formylbutyric acide———p»- A minoyaleric Acid
A RO Tetrahydrodipicloi TR Dihydrodipicolinate ‘:r N
- dalh dapA Pyruvate I—)Furmylva!eric aCid ey 6- Aminocaproic Acid
arbon R
Chain meso-Diaminopimelate sle.-;’iadaerﬁt;e 5 e o argt hN'AW.Wlflumjc
Elongation lysA A Acetyl-CoA a-Ketof N-f y > Idehyd
. ideCieadA . H . nif ¥ argl)
————— L-lysine P Cadaverine 1 lysC aksDEF ¥
T l sOx/Rail &.‘;n B pat |(l L-Aspartate a-Ketoadip N-Acetylgl N-Acetylornithine
nifV’ x
2-Keto-6- 5-Ami | id S-Ami 1 aspC TCA Tak.s‘J')EF 1 {
aminovaleric Oxaloacetate d— —p-a-Ketogl —» -Gl F L-Ornithine

Acid

\minovaleric 6-Aminocaproi

S-Aminovaleric Acil A—

1-Aminobuty

€ - Aminobutyraldehyde

B2 o-ZERNEYEBIEE
aspC—9ii R4 AR L AN ; ysC—MIGR L ARG dapA—9id A ZMLIE AR dapB— 1D 4-F2 DU A ZMEBEE SR 1 s ddh—9mhY
DY B B R - AR ysA— D T SRR IR davA—nT S-S BRI K MR davB—n Rl M B SN A RS parD— 4Ty
y-EIE T M AN deC— M E R IREE: cadA—miSBEIRIRIE: patd— RS | " EIEHBME: puud/ygiG—Ris T =
s lysOx/RaiP—9miS i & R o- A MBS s kivD—4afl 2-BA 53 R BRI REE ;s padA—9miS A LEE ARG nifV—ISEAT IR A8 kdeA—YmTG
TR R EE: v — D2 HE i 8 argd— MRS ZIE IR L L 18 argB—niS LB T BRWMIG :  argC—itid N- L1 45 - 15 22 I - o R 18 TR
B argD—9mTS OB SRR L R argE—HiS LB SRR OB arg/—miS SRR L LB speClspeF—T5 & & IR LR EE ;
gadB—YRIS R F IR RBE B WAL gadA—ImiS R E RN R o WIE ;s leud—Htd o- 577 T4 FE 3 IR & K BE: leuB—mi 3-57 A 33 LR L &
B leuCD— 9wt 3-5¢ I IL S IR I /K G s aksD— % f 5 T4 25 30 R /K B R IEJE s aks E— Y RS 57 T 6 30 SR BRI /K Mg /N IE 3 5 aks F— 4 i
i 2 3 SRR AT IR i S
Fig. 2 Biosynthetic pathways for m-amino acids

aspC—Encodes aspartate transaminase; /ysC—Encodes aspartate kinase; dapA—Encodes dihydrodipicolinate synthase; dapB—Encodes 4-hydroxy-
tetrahydrodipicolinate reductase; ddh—Encodes meso-diaminopimelate dehydrogenase; /lys4—Encodes diaminopimelate decarboxylase;
davA—Encodes S-aminopentanamide hydrolase; davB—Encodes lysine monooxygenase; patD—Encodes y -aminobutyraldehyde dehydrogenase;
ldcC—Encodes lysine decarboxylase; cadd—Encodes lysine decarboxylase; pat4—Encodes putrescine aminotransferase; puuA/ygiG—Encodes
putrescine transaminase; [ysOx/RaiP—Encodes lysine a-oxidase; kivD—Encodes 2-ketoisovalerate decarboxylase; pad4—Encodes
phenylacetaldehyde dehydrogenase; nifV’'—Encodes homocitrate synthase; kdcA—Encodes ketoacid decarboxylase; v/I—Encodes aminotransferase;
argA—Encodes amino acid acetyltransferase; argB—Encodes N-acetylglutamate kinase; argC—Encodes N-acetylglutamate-phosphate reductase;
argD—Encodes ornithine transcarbamoylase; argE—Encodes ornithine carbamoyltransferase; argJ—Encodes ornithine acetyltransferase; speC/speF
—Encodes ornithine decarboxylase; gadB—Encodes glutamate decarboxylase B subunit; gad4A—Encodes glutamate decarboxylase o subunit;
leud—Encodes o-isopropylmalate synthase; leuB—Encodes 3-isopropylmalate dehydrogenase; leuCD—Encodes 3-isopropylmalate dehydratase;
aksD—Encodes isopropylmalate dehydratase large subunit; aksE—Encodes isopropylmalate dehydratase small subunit; aksF—Encodes
isopropylmalate/homoisocitrate dehydrogenase
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Table 1 Biosynthesis of y-aminobutyric acid

PR KR %
AR A BE[H Y I T s TS CVAL 10 s A /ﬂi}t
Ng/lL) /g/L-h)]  /g/e)
E. coli BW25113 AgadAB, P, ..: gadBopt from L. lactis R R BERRE 61415 40.94 0.99  [19]
L. paracasei NFRI Ligespit| JSE SRR A3 it T BERY  31.1 0.185 0.37  [20]
7415
S. salivarius subsp. Lgeckit| NN R RE BRI 7.98 0.095 0.53  [21]
thermophilus Y2
L. brevis NCL912 Liigacpi) SN2 MR A HWEPE 2058 429 143 [22]
E. coli BL21(DE3) P, gadA SN ML o3 i WERE, 300 8.57 0.69  [23]
BRI
E. coli XL1-Blue P 1105 @adB from L. brevis subsp. RBLGANEL R RE AERE, 94.8 1.98 0.777  [24]
Lactis L1403 BEIRM
E. coli XL1-Blue P . gadB from N. crassa PRI R I BRI 535 0.11 0.878  [25]
E. coli XL1-Blue P, : gadB from P. horikoshii Eesiyod BRI 507 0.11 0.83  [26]
E. coli BL21(DE3) P,: GAD from S. cerevisiae SN AR L R T b, 252 — 0.99 [27]
i
E. coli BL21(DE3) P,.: GAD from L. lactis FINUGAO1 JNE g ARy 4tk B BRIRE  204.1 34 0.99  [28]
E. coli BL21(DE3) P,: gadA, gadB, gadC from E. coli BB R R 313 0.55 — [29]
E. coli XBT AgabT, P, gadBC from E. coli TR % BHAMM  5.46 0.114 0.895  [30]
E.coliBW25113  AgadC, AgadAB, P, , . : gadB (M4)-groES- SN AL o A T BRI 30826  44.04 0.996 [31]
groEL, gadB mutant from L. lactis IL1403
E. coli XBM3 AackA, gabT, P, : icd-GBD, gltB-SH3, TR WERE 13 0.027 0.13  [32]
gadA-PDZ from E. coli
E. coli (XL1-Blue) ~ AfrdB, gabT, P, , . gadC-GBD, gltB-SH3, TR WERE 123 0.026  0.123  [33]
XBM4 gadB-PDZ from E. coli
E. coli (XL1-Blue) ApfIB, poxB, IdhA, P, .: gadC-GDB, RE R HEPE 079 0.016 0.079  [34]
XBM6 gabD-SH3, gabT-PDZ from E. coli
E.coliXBM7  AackA, ldhA, P, : sdhA-GBD, gabD-SH3, TR HWERE 075 0.016 0.075  [35]
gabT-PDZ from E. coli
E. coli XBM6 ApfIB, ApoxB, AldhA, P, : gadD-GDB, TR WERE 087 — — [36]
gabD-SH3, puuE-PDZ from E. coli
E. coli TWZ08 AwaaF, AwaaC, AsucA, ApuuE, AgabT, TR T PN 3.95 0.065 020  [37]
AgabP, AxylA, AxylB, P,.: xyIB, xyLX, xylD,
xylC, xylA from C. crescentus NA1000,
P,,: gdhA and torA-gadB from E. coli
E.coliBW25113  Alacl, AgabT, Asucd, Aaced, P, ::gltB, TR HENE 48 0.15 0.29  [38]
8adB 1400 pas2-46 82dC (1-470),
glnA from E. coli
E. coli EDK11 gadB, gadC, gabT, gltA from E. coli PR I 4 1.2 0.05 — [39]
E. coli Nissle 1917 P, : gadB from E. coli LA RERW 179 — —  [40]
pPMT1-G/pMT2-R/
EcNP
C. glutamicum P, gadB from E. coli RE R % HIEHE 1237 0.172 0.247  [41]
GAD
C. glutamicum P, gadB1, gadB2 from L. brevis Lb85 RE R HEE 2713 0.226 0.52 [42]

ATCC 13032

tach
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EFKF o
DG/ EYr i i TS FRE R B ;ﬁf\
(gL) /gL  Nglg)
C. glutamicum P Q4B o rissas, TrOM E. coli SR RISt K I HEPE  38.6 0.536 032 [43]
ATCC 13032
C. glutamicum H36 P,..: gadB, . xylAB from E. coli FANECE IR SRR i EFB 3547 0.68 —  [44]
GD1852
C. glutamicum SH P, R4a-gabB2BI™" from L. brevis TR WERE 265 0442 0269 [45]
C. glutamicum AcglIM, AcglIR, AcgllIR, Ancgl0464 Bl WA 256 2.4 0.729  [46]
ATCC 13032 LVIS1847 from L. brevis ATCC367
C. glutamicum ApknG, P, .. gadB from E. coli TR e 1 b 31.1 0.26 0.311  [47]
ATCC 13032
C. glutamicum AodhA, P, : gadBl, gadB2 from E. coli SR Ryt b 29.5 0.41 — [48]
ATCC 13032
C. glutamicum SH ~ Amdh, P : gadB1, gadB2, ppc from E. coli JREEE RISt R I HEPE 263 0.365 — [49]
C. glutamicum AargF, AargR, AsnaA, AgabTDP, P, : patD, RE R % Gk 8.0 0.31 — [50]
PUT21 patd from E. coli, P : speC-5', -argF
C. glutamicum AargB, AproB, AdapA, P, : plk from S5 SE G FMRL 341 1 Gk 70.6 1.001 — [51]
APLGGP L. plantarum GB 01-21, gad from
L. plantarum GB 01-21
C. glutamicum AargF, AargR, AsnaA, AgabTDP, AyggB, J 8L MR A3 ik T 2 A 63.2 1.34 0.24 [52]
ORNI1 AcgmA, odhA ., odhl,,, P, : patDA from
E. coli, P, : gapA, pyec and argB*"™* from
C. glutamicum, speC from E. coli and leaky
expression of argF
C. glutamicum AargR, AgabT, AgabP, P, : gadB2 from PRI R I ] 25 A 28.7 0.3 — [53]
ATCC 13032 L. brevis ATCC 367
C. glutamicum P :can, P, cicd, AsucCD, AgabD, AgabP:: SN AL A T wWERE  23.07 0.38 0.52  [54]
ATCC 13032 potE harboring pXMJ19-P, - guaB-gadM
C. glutamicum P,..: gadB from L. lactis CICC20209 SN AN L R T HiEPE 425 1.18 0425  [55]
KCTC 1852 H36
LIGAD
L.brevisNCL912 B BB R RE BRI 1037 — —  [56]
C. glutamicum CgGly 2, AgabTDP, P, -0dhA-DAS+S, FANECEIR SRR i b 45.6 — 04 [57]

ATCC 13032 ~argl-DAS+8; pGN-GGPCe

bPP 1

YA IS RIEA [FRIE ) GAD, 4 AiE
L- B 2R GABA. AEWMEAIE I DS E WAH]
A S RE R 7 GAD,  FFAE— et XA
Yy, WnKMkF# (Escherichia coli) RS ERFEF 15
(Corynebacterium glutamicum) T 7HIEFIL. H
A& MR IAT R “ FLER 1§ (lactic acid bacteria,
LAB)! % M %5 BK B (Streptococcus salivarius)™
B K ZE A B (Bacillus megaterium)[“] I K BR
Kot &=
oryzae) FUHIKEMKIEE (Neurospora crassa) " 2543
Wil T GAD, XX £ GAD F g AE 1 BT kAT

)[66]

(Pyrococcus horikoshii : (Aspergillus

TVEARAIRAE, I T GABA HIZEY AL & R
Ke 25 " #E K WA 6 BW25113 AgabAB it ik K
H AMEFUAT B H gadBIE R 9 1) GAD, LLL-%%

IR AR AT
WSS SRR (PLP) HITEIL T,
AR IRV, GABA 7= 515 % 308.96 g/L;

I_J’IU‘EF%

=

iﬁ’

AP A RIS

ML, TEAS IS I R
7sh0 3 mol/L L-%&¢

N IRAE
5 011 2 mol/L L7 4 W i 4 th 7] o 52 FA = A A
W, 8 GABA P RIEF|614.15 ¢/L. 1T LR

41 i A WAL /& GABA Tl
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2.1.2 MK RBES AR K

—EE MR SR B AR E (LAB) K
SREEE 77 42 GABA, BIan MBS W% . R Uh 5%
HH o3 B TR LA R R FLER B Y. X R B AR I GAD
mEE S, BRI GABA PP AR /1. Li
b ol NI E R T — bR A AT
(Lactobacillus brevis) NCL912 B Ff, F| F % 1 #
EUL- B A RN F &SR EPREE, &
2 GABA [ 77 815 %] 1 103.7 g/L. Wang % ) [d]
FERFHZ MR, gk — Ak 85 77 5% 1, LAL-
BRI NN, BAAE10 L P2 GABA - &
A H] T 2058 g/L. BRLABAL, WFARHEMMNE &
GABA [ & di 2 B9 H i oAl e A, A —
JE 1) GABA A7 Re 71, Bl th & (Monascus
purpureus) ~ /NS (Rhizopus microspores) Hl
WER BEERE  (Streptococcus salivarius) %5 W Pk . 2
& 1K BE T K (K GABA A 77 fE J1AH XS T LAB #IC,
kgt — P AR UG, A BRI X SRR R
FEREST o

BAR T T R GABA B FR I FUELAS T —
SE MR, HR XS R EARS IR EE
WM L- B 2B HEAT R, DL IR B HoAth 1) 2
Ja, BRG] T GABA W KRIBL A= R, itk
TR TAR MR — 20 K A & B 7° GABA 5l 2 T
BT BT 2 k0. B AT 3 R A TR AR
B K FF A SR AT P R R A
GABA. Pham%§ " 75 K T B b ) 2 1 S 286
FATRR IR A B . 5 E R A B A GAD & BCAE —
i, A DU &S Bk R 0 3 7R 5 B GABA PR &k
B 713 g/L. RE R A EHE KT E™ GABAK)
WEE A B, (H72 BL B 58 GABA & i it
TR R B . A SRR R AT T D L B A
R G F e 7 T 4 N A 2 A2 7 GABA (1) 3 A8 B 1k .
Choi & ™ ¥4 SR U T K W # B 9 GAD R 42 f&
GADOW e T 8 49 G IR MR AT R, L Ak
GAD FAGR R E o R 261, GABA 1™
EIAH T 38.6 g/L. Zhang % UV ES E IR AT B
TR T — PhAS T3 B A1 0 4 DR 1 L P i 57—
B, B3k I & BE S GABA s R %, @i
PIFT B pH A% I S0, K 72 h R GABA 7= Bk
F]7 70.6 g/L. Baritugo " JH It 7E —Fk = 77 L-B &

TR (1) 4 2 B8 M AT T KCTC 1852 v 5] N AHEE (1) F1]
AR GABA & i 42, LA 4 B R0 A B A R A
Wi, % GABA [)/” &35 5| [ 3547 g/L. Zhang
G ERDMEME P EN =R (TCA 1§
W, WO ZMEHEEA (CoA) Ak o-Bik /g, it
1M 386 10 15 GABA B 2 5 4 7 L- 45 208 1 4 i
&, W T GABA M, HaREH R4,
B0 T GABA WAk, DA & B N AR UR R
1%, GABA = 523.07 g/L; M4k, EBHET 2
Tk 5l G AT T M BERG AR & BOS R, T Bk
Jliz = 5N 4.58 g/L.

BAR TEMAEY L GABAC LA T — &
kR, (HZEH— D4 GABA M= &AL %,
DL & Tl Al A 7= (1 2R, 3 75 S A v A 1) 8
e, K2 BB ORI K GAD (U AE IR M 44 T B
AP, T 7E PR pH R R L EETE 1, 1X ™ PR
T EATE GABA KB R H . RAE N E
A EAERAS T — 28 pH VS 5K 1) GAD AR, {H
BRI 1 pH R MTEPEA R ARG . LIk, o-Ti
% RS2 GABA EW)& B B AT AR, (HAZAR
YIth /& TCA TR [l A, 5 B4 53 70 A 4 %6
TR AE KRR E M. Rk, =R
WhdE & kN GABA AE W& BUS 12 AN W] 38 G b 5] 2
Y AE KA1 GABA A 77 Z 18] ) 55 4+, M 452 55 4
M3 SRR R A P2 e 1. ] P4 7 4 A RN 4
B A K 2% R 23R T GABA AW & i ) 5% i R 1
E M ™ Wei % 7 R g2 TREARTESER
BEAFBE A T H MR @R, e T Hlm
P, AN 5] N GABA A& &R, N
T RE— B P g R AE K GABA & BRI, W
T AT ) AR K AR TR XU T R R s A TE G, A
ZHEE AR BN T GABA & RS M4, TFE
WREESIERR R R BRI R 2 G RAERUPIRES AT,
fEA AR PR B “ AR 17 “A il
A5, TSR B T 40 i A R0 P2 A R B B [ S i
RN A TR WPk GABA P& 9 45.6 g/L, =%
PRI E 0.4 g/g Hwl, J& H ATHRIE R A H b 2k
GABA M =i =&, A 2R #1140 i 1) (1
AU RIS T B i) TR AT

TE LB GABA = R AW & s, BF s it
— BRI T T N A K. Zhang 55 N TR
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KT 1 H ik GAD R4k GadB_AHT Fl L&
filf MBP-ORF26 (5 22 2f Hili 45 & & H fib & 1) Bt &=
CoAJEHEMD) T WEERL & &R, TEANAR9 g/l
L- B2 R TR i b KBS 2 1.1 g/L T WBEZ . Chae
S U AR K i AT B P 3 R 0k GaD R Ak (GadB
E89Q A452-466) . -2 & M M L B- TN 2R CoA
R (Acy, ME T T NMMEAR®RS, D4
BN DS AN RL 2 R BE T P9 B G 1 7 AT IA 2
54.14 g/L.

2.2 S5-:EREBREABRRIENSHK

5-AVA 2% SR B (Pseudomonas putida)

KT2440 H L-$6 20 R 73 ff AR i 12 1) — A A T AR
P (B2 ™. 5-AVA & R 3L B I8 45 A0 555 75 25 i
AL ROR: F %E L-I A B AR (DavB) /&
L-H R A A RS- Tk e, SR el S-S 2 T I
JE K il (DavA) i 44 5-%0 56 1k B B 28 K i R
5-AVA, 5-AVA 28— BBt =g, W
U 7 T AR PR R T R o LG AR R S-AVA T Ry
Tk B E 5-AVA, Park " 1E KA B W3110
F N B B T 1R davA R davB R, RN T
A PR LR IR 85 2 5, 5-AVA [~ ik 2
T 3.6 gL (2). Fifif5Park % " HE— 552 =4l i
W, AR LB B bR 2, B2 5-AVA

K2 S-HELRMEDE K

Table 2 Biosynthesis of 5-aminovaleric acid

e S s
kRS PR A K FEHE BRI PR EPCREE HLE ;ﬁ
NgL) /lg/L-h)]  /g/g)

E. coli WL3110 P,,.0.: davAB from P. putida TR HENE, 36 0.075 — [73]
L-ffi 54 1%

E. coli WL3110 pKE112-davAB from P. putida BN R EE RN, 90.59 — 0.942  [74]
L-Mia i

E. coli CJO2RaiP AcadA, raiP from E. coli il okl zed L-#i= /R 50.62 1.05 0.506  [75]

C. glutamicum KCTC AgabT, P, : davd, davB from E. coli N #tME LRI HIERE  33.1 0.22 0.1 [76]

12390BP
C. glutamicum LYS-12  bioD::davBA from P. putida, AlysE, AgabT XN 2SN LA BE 76 2k 28 0.9 0.11 [77]
C. glutamicum KCTC P, davBA from P. putida SN ANV R B HERE 399 0.54 0.11  [78]
1857
C. glutamicum AVA-T  AargD, AgabTDP, AlysE, P, - davBA from  [MZAMELMHREE  HIEHE 465 1.52 034 [79]
P. putida KT2440 and PP2911 from
P. putida KT2440
E. coli WL3110 P,,.o-1: davAB from P. putida SSEANE AR WA 9059 094 0.75  [80]
E. coliBW25113 (DE3)  AcadA, AldcC, P, : davBA from P. putida PRI R HWEPE 086 0.018 0.046  [81]

lac*

KT2440, P, lysC.

T3521°

dapA from
C. glutamicum
P,.: davA from P. putida KT2440,
P,,: davB from P. putida KT2440
P,,: davAB from P. putida KT2440,
P, lysP, P . PP2911 from P. putida

E. coli BL21(DE3)

E. coli pDABLP

E. coli BL21(DE3)
E. coli CJO9

AcadA, P raiP from S. japonicus
AcadA, raiP from S. japonicus, kivG
(F381A/V461A) from L. lactis, pad, katE,
lysP from E. coli
AsugR, AldhA, AsnaA, AcgmA, AgabTDP,
P, ldcC, P, : patAD from E. coli
C. glutamicum AVA2_ AsugR, AldhA, AsnaA, AcgmA, AgabTDP,

puoRq pVWEx1-ldcC, pEC-XT99A-puoRq-patD

C. glutamicum SAVA3

N EAMEI R LR 240.7 8.6 0.868  [82]

SN EAME R R HARE 63.2 0.405 0.62  [83]

AR L& 29.12 0.40 0.44  [84]

SN EANEV R miAIRE,  52.24 1.19 038  [85]
L-Hi 5 1%

TR HEREA 50 0.12 0.13  [86]
FAh R IR

I EY R BE R S HEpE 3.7 — 0.09  [87]
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(7= 3 TH 3 90.59 g/L. Cheng 2 " 41l T % —
Tl 5S-AVA & B 2, 78 K FF 3 R 5l SR T
H A i (Scomber japonicas) ) L- i & IR a- Atk
B, B LR G R 2-TE-6- A E R,
Ja#H S AL E R B A R S-AVA . 1B BRI Z
fiEE ] $2 8 L- MR R o- AL R 3R A KCF, i AR
o SR RS R N R, A A
1k L- 3 & R 7T 4 7% 50.62 g/L 5-AVA, H: 4k R A
0.84 mol/mol.

55 8 AME A N L 2 R A R R &2, Park
S5 NS T T OH & G R S-AVA &R,
davA F davB 3 Rl 3 N H H K W #F B XQ56 H
(W3110 Alacl AspeE AspeG AygiG ApuuPA P, : :
P, MEFIXANE, LL10 /LA & AR, 4
HERBE =T 0.27 g/L 11 5-AVA . [8] I B 7 41130
TER BRI A T S-AVA A A R 17,
T 58 51 N 2 SR M AT B % D T AL S 1Y) davA
Al davB IR, [A] B 25 3% 5-AVA {1 T HE AR i 12,
KT % RE S R T 33.1 g/L ) 5-AVA Y, Rohles
S VLR LM SR R 7 T R LY S-12 R R L-
PR ) 0 HE B A 9w 5 5 K] IysE, 3K T davA F davB
N, EEAEEEREFRETS, 5S-AVA P28 A
28 g/L. Joo %5 7 | I 5 &R Fe AT 1 KCTC 1857 3%
15 davA ¥ davB HE N, R T4 % B P2 A2 1 39.9 g/L
5-AVA, K% @ MWK W A T 125 g/L
5-AVA. T, Rohles % ™ F FH R G Qi TFE L
AR SR A BT 1 0E, BRI ACKIET
W GLAB L BT Y S-AVA A g R G 3R dava F
davBFE[H), BHWT 5-AVA 1) Fi#ARi &2, ik 5-
AVA A HER AR, 591k 5-AVA ISR 1R, S
B 2 R AT B R A ) B P A T 46.5 g/L 1) 5-AVA,
AL RN AL P25 4 5 0.34 g/g F11.52 g/(L-h).

R SEZERLI PR TR A 1) £ i, Hlan 25 9 4516 BL AR PR
A & 1) davA F davB 3R . NIRRT (Clostridium
propionicum) W] act %K F NG @ IREAH I
Ui BT AR R 5-AVA $5 38 1% 45 LA 5T WIS Ah HE 1)
5-AVA, M58 act & K 3k DLAE & 5-AVA [ 1% P 1
RE A, DARTETRE B IR AT e oAb el R e, T
PG e i B AL SN A P2 8 4y Tl ik 31 76.1 g/L
0.28 g/g A110.99 g/(L-h) . Chae %5 " #£ K g #1 5 h
W 5R L-Bi B AL G R, PR T M L R A

R, BIAKRE BRI 1 davA F1 davB 2[R LA
e SRR TR 1) act B DR, DL 460 0 D9 BRI el 4 4t
KW, TRANBERG P BN 1.18 g/L. Zhang %5 ' fE K
JAT B8 H 51 NS LB L B 1Y) davA 1 davB %= R D
S AT MBP-ORF26 [ 4aid 3 K, 7EARIN 10 g/L
A R B TR B T R R I A Tt JF 7 59 705 mg/L
Thompson 5§ " 7£ 3% 5L 5 i B v i 3R 3K dav4 #1
davB # K J 3L & B MBP-ORF26 4 i3 [ 3£ (K], 38
o AR TR, BB A T K R AR AR OC 1 R
opIBA, VL J% L-H8 I8 5 A6 A0 D-46 2 I8 1) g i i
alr F1 5-AVA &R NI BRI miS FE R davT, 1E
NN 3.65 g/L L6 2 W 15 7% 3 v i I 3R A5 132 P Tk i
FE A $]91.97 mg/L.

i bk L- 2 IR B R & A 40, TR Bk it
TH—%ba-fil =8 (AKA) N a1 5-
AVA & IEFE . 1%IBAE S UL TCA JEH 1) [A]4)
o-Hi % TR 2Bk CoA NIED, 1EEFT IR &
(NifV) . 5P BRI K A (AksDE) . 574 %
R E AT R AN (AksF) LT & Ak
AKA, JEHEEMRBAEE (KdecA) T &R F
BE TR, dE—PAERIR LR (VD 4 &
5-AVA. o-Z R 5-AVA 1F B-TH & R CoA ¥ 4 fify
(Act) HIMEAL T A& BP0 ] e . 1 1%
#1%, Chae%s " M T TREKBIE, 446 L-H
QIR E S IERUNE, iR S T
118 /L [ P Bk i, A2 7= o B R 4k % 23 S oA
0.017 g/(L-h) F10.0045 g/g-

EI A4 R 1 I P T i A ) B PR T R
o 7 R il ok AR e Rk T e e A A 4 SR SR S B
PRtz 4k, BT IR T T AR AL AR 1 B
AR, Kb, ETHEFE T AL RS
AT LA 87200 i P AR A B P )k B AR A,
RHEES, BUNBMHCEREMERE. B, fH
YRR, TR TR R, @ b e AR
Vsl B ARk AR, S TR A O E H O%
SRR ERIL, P AR K 5 A AR P
P E . fTEARBFFE  (Acinetobacter sp.
NCIMB9871.47) H, ChnR-Pb ¥ 3% 4% K 7/ )5 5
TX 2 53 A, BIEH Ol 1, 2- 5N A R
FIIR O F B S (1 %605 . Zhang 25 UV 3% A i %
IR ORE RIS WAERE, JFR T —M%E T ChnR-Pb
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R 45 N1/ BN 1 IR P8 R 2R A kg, T
ERE T NBENZ . AR A O A . T H %
A WAL IR A B B R e v, AN SZ R i AR A
A R TR AR (R e 12 [ BA R — 2B JE s e AL
FEWG, XF A Tt A ) A s 1) R OV R B A T T
BEAT TARAG, IR R AL JE I A A% 2% 2% T T P9 Ik
FE AL G I ) 25 Rk P45, LI 38 58 T IR A I i
AR (B3 . E el kB, S EEn
B AN AE P2 29 12.33 g/L B R A ki @2

2.3 6-mECENCABMKRINENSHK

WA DK I it v B B Y 6-ACA T 52 1

AL i 5% 35 100 g/L ) 6-ACA, [ I % 1F 6-ACA
HRMEHE Y, LA TANS-AVA KRR, W

Al UL T A K 6-ACA . - [ — & ! £, T CoA 7
NifV. AksDE. AksF [FJffE{b F & AKA, E& Y
=4 F I Lk CoA7E LR =AM EERIMEL R, IE
KR BE A Al o-Fi BF R (AKP), AKP 7E KdcA Al
VAL R & i 6-ACA, it — D 1E Act FIMEAL R AT

Wi 7 2 P9 A )
& #4145 [H T ChnR
NH
_17 ChnR
AR o C‘thiJﬁﬁ i EEES
EE ChnR r Act ChnR T
1k -
Jﬁwfgfﬁﬁﬂ;;ﬂ
HN\/\_//\/Q?\}.; CoA HgH \J‘\
- o
)\S,Coﬁ S-E AR LR

(a) ZET IR AR AE A% 45 () & RO A2 B 25 R4 SR 7 2 1o

(a) Dynamic regulation of valerolactam biosynthetic pathway based on valerolactam biosensor!®?!

. B B A s 1R PR I
i % NN N
Nt s )
oAk v
P— —
L3 ' ? RBSP, Prusy ' renBTIT?
0 2 A P NitRIER R 50T
R TNIR

(b) BT EH TNtR 5P, 5 807 1 O A B AE P B 3 i e

(b) Caprolactam biosensor based on transcriptional regulator NitR and promoter P %!

o
HN. o~ .
NS

O B A

6- 5k
c }

(c) F T 0 P Tk e A 00 A R B8 1 Y T e A 1 G v S R G SRS 7 [
(c) High-throughput screening strategy for cyclase based on caprolactam biosensor!®*!

B3 BE T P I A A SRS 1 v B R S e 3 25 8 42 g 0>

Fig.3 High-throughput screening and dynamic regulation strategies based on lactam biosensors

[92-93]
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BRI N B . Turk 25 B0 76 K FF B
g T iR AR - P R iE% (AKPIRR),
REARAGEE (R IA TR FR B A, TR R B R
% 77 24 160 mg/L 1] 6-ACA, 7E 43 It #h K} & B o
6-ACA {77 83k $] 2 g/L. Chae %% " £ K #T I
BL21 (DE3) H3Rik T 45t % 55 6 11 Nif v,
AksDE. AksF. KdcA. VflflAct, HEHLLAKPH
HRIYI) 6-ACA A & 1%, 15 2 B Ak CLMO1 7E LA
Hb BRI R IR A T, PR A 2,56 pg/L I O N Tk
JI A 12.83 mg/L 156 Tt Ml o A G ] 72 420 132 P Tk
fe =z, X KdeA T E mRAE (Q3771. Q377L)
13 3| B bk CLMO3 1 CLMO04, T\ N B ™ 243 5l oA
11.87 pg/L A1 5.71 pg/L, & W B & 7= 2 5 5 A
9.69 mg/L #12.31 mg/L. CLMO3 & ¥kt — 5 7 b4
BERRE, CNBLRG T EATIA5) 79.60 pg/L, AEF=5mE
99.48 pg/(L'h), H il 4k %4 3.88 pg/g. B Act
4k, Zhang 2 Kk Bk B B & (Streptomyces
aizunensis) ECO-02301 1] Bt & 4 B A & £
(ORF26) WA LAMELL 6-ACA &R C N BEIE, FRik
ZEE R IAFF I, TERIN2 g/L 6-ACA [ 35 77 5
KW, CNBEIZ =59 2.02 mg/L.

Cheng % "' fE A KT B &2 7 AT
AR EE IEEIA, H T4 5-AVA. 6-ACA 1 7-
QAP (7-AHD. B, LSRR L-#HE R o-
AALEE GaiPFERN D) B B 2- i 55 -6-2
RO, JEEHENH o-5 85 KRS R A
e (leud™™ 9020 LR g ity ) . 3- 557 74 66 57 SRR i
A (euBZEH Y tiD) AT 3-S5 A 3 3¢ 5L R it /K I
(leuCD FE R i) A6 B3 P Al % S AP A0 36, A0 i 1)
WEEIE (R AE IR, DL 2Bk CoA N HtAR HEAT B AE B I1)
oSO B B A A . PRI T 2- B S R I R
(kivD 2[R gmtth) FI2K BB (padA FE R 4t5)
AT & . 1% 5 4 B bR R I R B AT ) I AR
2.15 g/L i 5-AVA. 24.12 mg/L [] 6-ACA #14.74 mg/L
(1 7-AH, LL2-Fi%E-6-2 5 CRARY), LRI
AL [ B 8 h JiE BT[] B 7 42 99.16 mg/L ] 5-AVA
46.96 mg/L ] 6-ACA F14.78 mg/L ] 7-AH . [
Y& A, B K AR R 2 B R E .
Thompson 5§ " 75 % SR 5 M B TR B 9T 1 2 N ki
() A W % e i A%, 45 6 B BIL 2% ) A % R - I
(RB-TnSeq) FEk s E A HZHMAHE 7T, K

WS- ARREE (OplBA) 1F O BEIE 4 A it
AR BEIE o Bk oplBA FE R W] ik /b L P4 19 e 1) P
fife, X—WFA R AR AN BEIE ™ &, &R
Ll e

5 GABA Fl 5-AVA 1] = 20 A= W) & A L
6-ACA 7 B R EAK. 72T K, "Rl T
6-ACA & HUEMHK, B E e ths %=,
R AAERML, H@ G B S tEEK. KXY
FE SR PR W S 2 . R 4R 5 6-ACA (77 &
i EAE IR AN oA P T T RO R E . H e,
A G RV R B SR T ET N, B
15 FE) J1 AT ) 6-ACA B & U 2. HIR,
AT SN TR e BOR AR AR W E IR A2 YRR
i) 6-ACA & FOHH G B, I i BEAE B vt A 7€ [m) 3
Pt m g AL RE . LAk, RPE B A AR P
PRV A Gkl &, AT DU T P I e AR ) A%
A TT R El R SR E Y, s AT
B RGN 6-ACA KW A #l41, Yeom
25 D E PR AT I (Alcaligenes faecalis) 1]
PR P TR i ) 2 s R 4 PR 7 NtR, - 2232 NitR
nitA Ja 81 ¥ 7o, CAZRE R G EE A AL I K gfp A
et BB, AR R A A A (RBS) A
1, W7 AR YRS (B3,
T Z AL A, @0 T N BB S
5 i 1% S % CL-GESS  (caprolactam-detecting genetic
enzyme screening system), MRV 7 55 K 2H A pl D i
R — A N B (B3, %3,

3 &SRR

SR 7 SBR[ H AR, S
FEWAS LB TR WRRES, B,
M AT R A SRR AR AR W b ) I AR A K
o SHIEMBHEL, AR EEAR R 2 2
N, BT RS BRSO R R Y. Hodr, R
B AR Z kst Tk MR 2 —, HAME
Bt HOATHE S RTIR R Rl A R LHHER,
BT AL TR R M A A T SEBL T R
Aetl, HiismMARASEY K, B2, B3R
f RIRE FTATS 2R R BR - 2 AR AR 5, oA 2R 7 475 9
MR AR ) . AR SCERIR T A B S I A R
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R3 6-HIECRIE G

Table 3 Biosynthesis of 6-aminocaproic acid

AR K P
PR Bt 5 2 HREA B R EEIE RE
N(glL) g/L-h] /Ag/g)

E. coli pZA22-leud *-leuB-leuC-leuD, pET21a-raiP-kivD-padA KR LR 0.024 - - [2]
BL21(DE3)

E. coli P, nifV from A. vineland, aksF,,, from M. aeolicus Nankai-3, SOSZRANEE 2.0 0.038 — [3]

BL21 P aksD, from M. aeolicus Nankai-3, aksE,, from M. aeolicus SR

Nankai-3, P, : vﬂwﬂ from V. fluvialis, kachopl from L. lactis
E. coli P:nifV, from A. vinelandi aksF,, from M. aeolicus Nankai-3, Vot HEBE 0.048 — - [96]
BL21 P.: aksDop[ from M. aeolicus Nankai-3, akSEop[ from M. aeolicus

Nankai-3, P vfl, from V. fluvialis, kdcA  from L. lactisa

P P T R oo - S TR 1 A 0 B R B BT O AT R
W R 7 H T 0Pk AR AL .

XECAE YR B B R SRR (N L 2 R F L-
BRE GREAHATSE, DEARAERN
RS R o- R 3R, HUCET BT, nH K
ST PN B M R Sk AR B R R H AT B = A
Pl A -

(D Bt E R T2 o- R ISR AED & il
®BR HAENABREEAAEZ AR R B, 5
DIL-BEIR (C) ATHEPAE K GABA (C) #F#
JBE R R T 1 4y 1 AR, 1T I8 I TCA i 3 1 44
e ERL-BE M, WHERRRERL 575
et PAL-#EIR (C) N IE R S-AVA, [A
FEFRERARBERL 2T 8 k. 6-HFECR
(Co MAERERE L o-Fi K =8 (C) Ny,
TEBAL 2T L CoA, WARIN3 T Ak
Wi HULTL, BUEAEYS RiE R R T2 5
B2, IXOF EEE IR ) DA AT P AR TR G R 5 I M B
BRI T AR P I R R A
S s (= NS B 0 O i o R o A
R T AT Y & BOS R, 25 m R WK R
WY& R I BB —

(2) fRER o-F R IRE DR RIEMW
W 50 7E GABA 1 5-AVA [ E W) & B 7 THNHLAS 7 &
ik, CERETRENE. T 6-ACA,
BARPEH TG ROEE, HEERE, B
ER Z W =Y, 72 &% A TR —
AR, LN o- B MM L, &8
IR NN T R ZE R R PR . S o-&
BRI EE N B A miE . RIFmfoe . AR

{10 G 7 34 45 1 R v 0 AR R R . R AR MR 22 B B
JEWiEE B (CALB), H EA &t e MKy ik
ek, S R A B A 4 fe B AN R A RO AR
() A= W AL ) 2 — . Stavila 28 °7 BF 58 & B,
CALB fE % 7E /K 40K 6-ACA 374k v B N BEf%, 77
REIE 60%, 1HE CALB HT 75 B HLIE 7 A iR
1, AEAGHTHRAN AR, TH R =M EE Act.
ORF26. CaiC 7E J& ¥ i i 14 A1 4 77 T 5 A3 LA o
P AL A R S R, R N T e
B EERE.

(3) FFRARFEAF G2 — B JERE 2 JE AR k)
A2 7R T B ) B LR RN B B A R A A
A2 )G BT I PR 5 — 1) 880 A7) = AT P ] % B TR
B, AR “H5 NG 7R . FEFF S5 AR
AAERER H RSP E IR RS —
JERLRIR T2, AR B, AF A= il ) J
RN 2 10T, RO B RN JREE i B Ak
A A R B AR R R PR R T H R H K
Fr . SRS T WM AEYRE, 5%
A= BT A G 2 SRR R S R AR A, 91 G %
B B P T LA T R 1 R R AT 4 R ORI A R
RE 77, HE 2 FOAT B LA R v ORI F R
R SR TT LA Sy S T g AR A2 ) G PP DR A

AT, & B s R R, K Bh
W73 RO IX Se Bk ik, HE B 3R Tk A R 4 R T
Z AW E AR AR (R o] R S AR A= 6

& £ X W
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