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A new biosynthesis route for production of S-aminovalanoic
acid, a biobased plastic monomer
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Abstract: 5-aminovalanoic acid (SAVA) can be used as the precursor of new plastics nylon 5
and nylon 56, and is a promising platform compound for the synthesis of polyimides. At
present, the biosynthesis of 5-aminovalanoic acid generally is of low yield, complex synthesis
process and high cost, which hampers large-scale industrial production. In order to achieve
efficient biosynthesis of 5AVA, we developed a new pathway mediated by 2-keto-6-
aminohexanoate. By combinatory expression of L-lysine a-oxidase from Scomber japonicus,
a-ketoacid decarcarboxylase from Lactococcus lactis and aldehyde dehydrogenase from
Escherichia coli, the synthesis of SAVA from L-lysine in Escherichia coli was achieved. Under
the initial conditions of glucose concentration of 55 g/L and lysine hydrochloride of 40 g/L, the
final consumption of 158 g/L. glucose and 144 g/L lysine hydrochloride, feeding batch
fermentation to produce 57.52 g/L of 5SAVA, and the molar yield is 0.62 mol/mol. The new
SAVA biosynthetic pathway does not require ethanol and H,0O,, and achieved a higher
production efficiency as compared to the previously reported Bio-Chem hybrid pathway
mediated by 2-keto-6-aminohexanoate.

Keywords: 5-aminovaleric acid; I-lysine; synthetic route; metabolic engineering
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1,5-7% BRI SR IR P4 C5 O B 1A
AR . HAT, SAVA A] l A8 A4 1 2 g0 oK
SRR IE E AL A A R SR, X AL
2 OB T SRR IR, R,
His R, D FHRA ™ SAVA 17
e Tor B . BEE AP HOR 1Pk & R
A TG BAEY 26 8 SAVA 5LE T
[0/ e ) b T SSE

5AVA 15 B % SRR TR (Pseudomonas
fulticans) 1) L-Ht 28 B2 o i A 2 W AR 5C Y,
WAL L-lys2-Ff i 40 (DavB) il 5-%0 KL R
Tk e K fifé i (DavA) Y 3 Rk, 7742 T 5AVA
(E 1A)P), Park ZEPVR| FI K MAT 8 (Escherichia
coliy WL3110/DavA-DavB A= 7T 3.6 g/L 1
S5AVA, TEEAIXTEAR . Bk, il — 20 AE
2 & TR ¥ FF & (Corynebacterium glutamicum)
RN H36 J38h¥, 74T 33.1 g/L |y
SAVAPT, (53—, Li PR Ll
M2 45 5 1 75 155 i (L-lysine permease, LysP)¥f
SAVA JEHRE = 63.2 g/L (3 1), Wang %1%
KM fbit, A DavB Fl DavA ¥
S5AVA T 25 & 240.70 g/L (£ 1), b4k, Jorge
ZEBOLL1,5- 0 e AN S B NG A e 4, R
L R A4 SAVA (] 1B). BFFE R B, i
i H A (Scomber japonicas) L-FiE R a-F 1k
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1) o- B SR AL, R4 NH; Al HoO,,
A A 2K6AC . £ T i A g (Pad A) n] fiE fk
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Microbial pathway for the synthesis of SAVA from L-lysine.
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. TEAMSET, KR A S. japonicus B L-
R o-F LG . FLEREE Y o i JI5E 42 il AR
W FE R A EE N =, 7E KA FF % BL21(DE3)H:
bRk, DL 2-Wi Sk -6- 2 S ORI A R a4,
BT AW SAVA & E (& 1D). X FH
WARTE Tk b BA T a5, BEA R
T L-BER A, W HESEH T SAVA FER
AR TE TR RO G, e e 5 R JE 56 Kk
Ji& 1 kg — T B 1) A= ) e HE R B A,

P

1.1 BRI FRRL
RIS AR R N2 2 B . B

*2 AR ERERFBR
Table 2  Strains and plasmids used in the study

JFiki pCJO1, pETaRPK, pETaRPK", pEAkatE
5, pEAKL %% ANWiFR T cadd 0 KA A
BL21(DE3), Zr#l#kfs 1wk CJ02. CJ06. CJO7.
CJ08 1% CJO9.
1.2 BRFH

WAt AL JBORE (1) R A AT IR TE 100 mg/L 24
RHEBRM LB U PR BEESE, IR 37 °C
TAK 12 he A ERIEMBFM A 100 mg/L
AEHEEM2mL LB RN, 7F 37 °C.
250 r/min ZAF MR SR 12 he

BRI HAR R SR 5 /L BERRR LY,
10 g/L JRZE I, 15 g/L #5%0%, 0.1 g/L FeCls,
2.1 g/L #7BER, 2.5 g/L (NH4),S04, 0.5 g/L

Strains and plasmids Description Sources
Strains
DH5a Wild type Novagen
BL21(DE3) Wild type Novagen
MLO03 E. coli BL21(DE3) AcadA [41]
CJOO E. coli BL21(DE3) harboring plasmid pET21a [31]
CJo1 E. coli BL21(DE3) harboring plasmid pCJ0O1 [31]
CJ0o2 E. coli MLO3 harboring plasmid pCJ01 [31]
CJos E. coli BL21(DE3) harboring plasmid pETaRPK This study
CJ0o6 E. coli MLO3 harboring plasmid pETaRPK This study
CJo7 E. coli ML03 harboring plasmid pETaRPK" This study
CJO8 E. coli MLO03 harboring plasmid pETaRPK" and pZAkatE This study
CJ09 E. coli ML03 harboring plasmid pETaRPK* and pZAKL This study
Plasmids
pZA22 Empty plasmid used as control, Kan® [1]
pCJO1 pET21a-raiP, pET21a carries a L-lysine a-oxidase gene (raiP) from S. japonicus with Nde 1 [31]
and BamH I restrictions, Amp®
pETaRPK pET21a-raiP-kivD-padA, pET21a carries a L-lysine a-oxidase gene (raiP) from S. japonicus, This study
a a-ketoacid decarboxylase gene (kivD) from L. lactis and a aldehyde dehydrogenase gene
(padA) from E. coli, Amp®
pETaRPK* pET21a-raiP-kivD*-padA, pET21a carries a L-lysine a-oxidase gene (raiP) from S. This study
japonicus, a a-ketoacid decarboxylase mutant (F381A/V461A) gene from L. lactis and an
aldehyde
dehydrogenase gene (padA) from E. coli, Amp®
pZAkatE PZA22-katE, pZA22 carries a catalase gene (katE) from E. coli, Kan® This study
pZAKL pZA22-katE-lysP, pZA22 carries a catalase gene (katE) from E. coli and a lysine permease This study

gene (lysP) from E. coli, Kan®

http://journals.im.ac.cn/cjben
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KsPO43H,0 , 1.0 mmol/L MgSO,, 3 g/L
KH,PO4, 0.5 mmol/L #i i & — #f M2 (thiamine
diphosphate, ThDP), Hi4: % . ODggo iK% 0.5
J&, W 0.5 mmol/L A %E-B-D-fift UMY
(isopropyl-B-D-thiogalactoside, IPTG) Fl 6.5 g/L
LR ER IR, HUksissoR .

TR B RR 0 AR AR AR AE 5.0 L
RGP AT . KRR A R . 55 g/L
WA, 1.6 g/L MgSO,-7H,0. 0.007 56 g/L
FeSO, 7H,0. 1.6 g/L (NH,),SO;. 2 g/L #7145 71R
7.5 g/L K,HPO,-3H,0., 0.02 g/L Na,SO,. 0.006 4 g/L
ZnSO,. 0.000 6 g/L Cu,SO4-5H,0. 0.004 g/L
CoCly-6H,O™! . 3 33 s Jin & /K ¥ pH 45 il 72
6.7-6.9, IR E N 30 °Co & e )28 i i
HEAFA] 289, By Ik 7E AR W Ab i #2 I i
Ko TEBEA KMt RRrh, HAWEFD L 22 R 1Y
e BE Ay MR ARE 15 g/L T 20 g/L 24 .

1.3 FEHRFREFGL

37 °C B, mATHEARRENIEFREDN
LB Bl 478 0.5 mmol/L ThDP, ODgg ik
0.5 5, JA 0.5 mmol/L IPTG, 20 °C i}, FHi#
PR B0 2% W (KPB, 50 mmol/L, pH 8.0)%E % 4
Jitl. 7E 50 mmol/L KPB (K ki o Al i 7 b
WYL, 48 ] Ni-NTA ¥ AKTA 4ifk 2%
10 gifk ", {fi ] SpectraMax M2.7f 280 nm
A 2 P R e R
1.4 ERNZE

RaiP (1 %0 Ak 16 1 J2 38 20 I i H,0, 19 A2 AR
R py B R R A T, TE
30 °C FillE KivD Hl KivD %745 (KivD") i Jii
G PEPY . RNR AW 1.0 mmol/L NAD',
1.1 pmol/L PadA . 1.1 pmol/L RaiP. 0.85 pmol/L
KivD 8 KivD DL S A [ ¥k BE Y L1t 24 R 2% b
# (50 mmol/L KPB, pH 8.0, 1 mmol/L MgSO,,
1.0 mmol/L TCEP, 0.5 mmol/L ThDP). 7ENIJF 14

&: 010-64807509

FW B IEY) L4624 88 , IF7E 340 nm Ab W5
NADH IE L, THYERECH 6.22 mmol/(L-cm).

2

HR 5

21 KBFHEE
I
SAVA WEYE GRS 3 M. (1)

. SAVA B AT &g

Wk RaiP ¥ L9124 BRI 20 5% A oy b Rl A
2K6AC; (2) it KivD i 2K6AC iR =4 5-
AR 5 (3) It PadA ¥ 5-g LA AL
S5AVA (Kl 1D). B, Mk pETaRPK, FF
B H S A KB B BL21(DE3)H L 3R 15 1 #k
CJO5, 7E T7 Jagh¥ F3F&Kik RaiP. KivD Fl
PadA. Tl /D LB R AR 5-1% e, wi
B PR I PR B IE R cadA VIFRIS R CI06.
EA59F 3 04, Hkk CJOo1. CJ02. CJO5 F1 CJ06
WA LA™ SAVA. TEFE CJ00 M 6.5 g/L L-lys
HC1 47T 0.06 g/L SAVA, JHFEE N 0.01 g/g
L-lys (5% 3). XJF LEERF#E CJO1, ATk 0.23 g/L
5AVA. MAh, Hikk CJO5 @it &l 1D Frsiy g
77 1.66 g/L B SAVA, 5N &2 (K 1C)
AHE, PRGN T 774%.

ot rl 0L, # A RaiP, KivD, PadA iX

3 Fh o EERE, 2K6AC fE b H 6] ;= ¥ A 77
S5AVA i HA 111

3 SAVA EFEEXER
Table 3 Comparison of 5SAVA production approaches

Strains Plasmids

L-lysine HC1 5AVA
(g/L) titer (g/L)

CJ00

CJo1

CJ02

CJO5

CJ06

BL21(DE3)/pET21a 6.5 0.06
BL21(DE3)/pET21a-raiP 6.5 0.23
MLO3/pET21a-raiP 6.5 0.32
BL21(DE3)/pET21aRPK 6.5 1.66
MLO3/pET21aRPK 6.5 1.95

: cjb@im.ac.cn
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22 HEWWEE KcatE M S LS5
LysP BT RIAB FIT SAVA F=EHYE N
ARWFFER T 4 FhSREE RIS SAVA 1y
W B, RRRE R R B LA cadd . FLR,
HFE L-lys HCLAE MR, DI3Rs L-lys IR
RELAR] RIS, H,0, AT LA A i A 1,
TR W0 H AR =9 0 77 A Liu 2899 % Bt 45
L& 1) 258 Ho0, 1Y & B E FRAL, ol
R R B E . FEARBE I, R bR
CJO8 1 katE . raiP. kivD"Fl padA HI3LFKETF
A 1.88 g/L B SAVA, SEikk CI07 A&
A EER(FE 4, FE L, KatE if Rk
THB% RaiP /74K Hy0,0 WK 4 P, TERBE
HAME], KatE 5| AFRA B EWEI ODgo
SAVA 77 . M, BFEIKT ODgo, FIfER
M 2 L R R T 4l i, S5
0, SR, R EERE T, H,O, LA
FIH AR, FESAVA B RARRE,

F 4 TIEEKIE 250 mL HEHF AR SAVA
Table 4 The engineered strain synthesized SAVA
in a 250 mL flask

Strains Time Cell Glucose SAVA SAVA
(h)  density consumed production yield
(ODgy) (/L) (g/L) (g/2)’

CJo6 12 5244038 7.22+0.33 0.85+0.04 0.19+0.03

24 8.15+0.52 11.36+0.46 1.69+0.03
CJo7 12

0.35+0.03

5.19£0.41 7.09£0.25 0.96+0.02 0.25+0.01

24 8.08+0.55 11.25+0.48 1.85+0.02 0.39+0.03

CJog 12

5.14+0.36  7.02+0.28 0.94+0.01 0.25+0.02

24 7.91+0.46 11.17+0.41 1.88+0.02 0.40+0.03

CJ09 12

5.08+0.33 6.88+0.18 1.01+£0.03 0.23+0.01

24 7.85+0.42 11.11+0.39 1.93+£0.01 0.41+0.02

Data are presented as x *s calculated from three replicate

biotransformation experiments. Statistics were performed by
the two-tailed student #-test. *: The yield of 5AVA was
calculated based on L-lys consumption. 6.5 g/L L-lys HCI,
15 g/L glucose, 0.5 mmol/L IPTG, 1.0 mmol/L MgSO, and
0.5 mmol/L ThDP were added.

http://journals.im.ac.cn/cjben

D i — 20 M, A B 500 2o Gk A iR i i
T H I LysP 3 A kL pZAkatE H LI BGHT Y
ki pZAKL, 404 4 Frs, Rk CJ09 Al =i
1.93 g/L 1Y 5AVA,
2.3 AR HEE IR AL E R SAVA

TARBRE CI09 RMER A= 1 e A 25
wE 2 s, CI09 AR H LR, 72 18 h NI
i 5 A MK B (ODgoo) FT 35 2 142, R0 L-lys
HCI 519 18-36 h Z[1], SAVA R E 48.3 ¢/L.
Bt A EE RGN 2 48 h, SAVA BFZE 57.52 /L,
S5AVA 17 2 A7 5 0 50 1.09 g/(L-h) A
0.65 g/g L-#i 2R - T F R CJ02 £ T 9.16 g/L
5AVA, P73k 0.11 g/g L-lys. F#k CJ08 ' KatE
M FE R AL SAVA [7r= &, i HH SAVA
B = s A H CIO7 BB 34 ik 51 45.92 /L, CJ0O7
HITHBEAUN 16.48 g/L (3R 4). X S22 Hy0, X
CJO7 WA KA B RMEIER, 3 ODgo R
f 40, EIREERFRN, ARG LT L
AR 7 SAVA

TES ALY D, ASSCEE Y SAVA G AL
W EEAEE 3 P8R (1) RaiP fifbdE = rh
/& 6A2KCA; (2) KivD ¥ 2K6AC iR K 5-
GG ; (3) PadA F S-Z L A AL AE AR
SAVA. 5Aemr e bR DML, SAVA
BT B AN 29.12 /L ¥4 % 57.52 /L, ¥ T
25 97.5%; S5HRUEH, H,0, 244 A4 K
FIEE G M, 3 SAVA B2 A RPY, A e
R Ae 5 HAl & B 77 SAVA A& a1 RY
(R DAHLL, SAVA MTHEEM 5.1 gL &R
57.52 g/L. 55— fiie TAEIHI T,
S5AVA FR% 5 M 50.62 g/L #2E % 57.52 g/L,
Pm T2 13.60%. 1 HAEANRINLEER Hy0,
HIZME T, SAVA B Tl A A 7= BA o i i 4
eVEMma B .
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—&— |-Lys concentration (g/L)
4— Glucose concentration (g/L) —®— 0D 7

—e— 5AVA concentration (g/L)

60

600

150

140

30

L-lysine, SAVA or glucose concentration (g/L)

160
1404 i R
-
120F N\
100 X
. A
8 80 ‘_  &
60 \ / A /
40 - / 4k,
= ‘ /
20 ././ ¥ ¢
—_ 1 L 1 1
0 10 20 30
Time (h)

2 TiEE#H CJ09 £ 5 L LD & Ak SAVA

50
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