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Figure 1 The biotransformation mediated by the coupled activity of

the lipase TIL and the P450 fatty acid decarboxylase OleT;g (two mixed
enzymes or one fusion protein)
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LEBEH APTG) . RABE & (kanamycin) M 4E4:  B1
W3 T Rk R A BRA A BRHE N b S
T4 DNA % 45 lig 4114 5 28 B8R R BB A BR 2 A
pET28bJFU ki [ —Novagen/s 7l; GXL {# EDNAK
A FIANTPs I [ TakaraZy 7); B EE IR DN A4 1L
(el oA 3 90 - R s i Uik 59 & W 3K F Promega /A A ;
M 4 AENI-NTAR I8 [ QiagenZs A5 3 5.0 1
UE 7% W4 3K F Millipore 2y 7 ; Bradford 85 [ ¥ B2 I 22 i


lishengying
删划线

lishengying
删划线

lishengying
删划线

lishengying
替换文本
效率

lishengying
删划线

lishengying
附注
不知何种原因此图与原图相比格式产生了较大变化，如果可能我们希望重新上传图1的文件。


F G W S T3 = KA H ARG . HoAth 50 ¥ 8
= o 2R (R 29). BrA 513 AR T A TR
(i) LGy T2 BRAS 7B .

T4 5 [ A9 TR AR R AR S 6 28 R AT Escherri-
chia coli DH5a ¥k, FT 8 £ A 41k i) 1m £ B bk
NS RAFIIE. coli BL21(DE3)E #k. Jeorgali-
coccus sp. ATCC 8456/l 3K T 3¢ [E ML A f A= Wy i A A2
B0 (ATCC). i 45 IR g 4 22 1 T8 (Thermomyces
lanuginosus) g Wi B§ TIL B9 2 A5 2 [X] (GeneBank Y& 5% 5
AF054513. )3 651 u4k 5 6 0 i ma ot 4 0 B Bk 4
A RA R SE R

(i) HAREHE M vk R BRI, 4R
PR b1 25 (Hise-tag) o7 T N i il & SE A 2 LA s
TILIE KoM #EA, R 519 TIL-Fal/TIL-Ral(#1, F
[@)#EATPCRY 1Y, 721~ % BamH1 V) 47 15 1Y Hise-
TIL-linker i Bt ; PhJeotgalicoccus sp. ATCC 845611
eDNA KN, >R 5|4 0leT-Fal/OleTe-Ral # 17
PCRY" 3, =¥k & Xhol i U1 i 55 A9 linker-Ole Ty J
Bt; DUTIL-Fal/OleT-Ral > 5| ¥ # 17 & & fiE /i PCR
4 1 fill 4 3 A Hisg-TIL-linker-OleTyg. DA TIL 5 K 2
bR, %519 TIL-Fol/TIL-Rb1 # 17 PCRY" 14 3k 15
& BamHl1 [ Y] £/ &5 9 linker-TIL & Bt ; R 59
OleT;p-Fb1/OleTp-Rb1 % Ole Ty 4t i 5 K 34 17 PCR Y™

F1 EHRERAHSIWELY
Table 1 The primers used in this study

1 354555 Xhol i V) 57 15 i) Hise-Ole Typ-linker F B ; LA
OleT;e-Fb1/TIL-Rb1 4 5| ¥ 3£ 17 & 4E i PCR A A il
4 F R Hisg-OleT p-linker-TIL.

2H B R B 25 (Hise-tag) 7 T Cing A4 il B 5 [R 4 72
DA BB TILFE PR i, >Rk 514 TIL-Fa2/TIL-Ra2
AT PCRY™ 3, 7= ¥ J i A Neol B VI 437 1 19 TIL-
linker " BZ; LlJeotgalicoccus sp. ATCC 8456 gDNA
M, K51 0leT p-Fa2/OleT e-Ra2 £ 17 PCR [
N, 78R4t A Xhol [ )57 14 1) linker-Ole Tg-Hise A
Bt: PITIL-Fa2/OleTg-Ra2 Ky 5| ¥ 3k 47 &8 & 4E ff PCR
4 1 Fil 4 3% BB TIL-Linker-OleT;e-Hisg. VA TILEE A
Kb, %051 TIL-Fb2/TIL-Rb2 # 17 PCR ) v 3K 15
WA BamHI V) {57 55 i) linker-TIL-Hise A Bt ; R 51
) OleT,-Fb2/0leTz-Rb2 %} Ole T, 4 i 3k K #E 17 PCR
P14 A4 W A —Ncol [ili Y 437 15 /4 OleTyg-linker F B ;
Pl OleT g-Fb2/TIL-Rb2 4 5| ¥ i#E 17 # & 4L i PCR A K,
fil & %5 K Ole Tyg-linker-TIL-Hise.

PCRJ" ¥ 1 5 B pET28bAH 17 X 41 Ji5 Jie [l Wi,
L Tl 44 PRy 70 il 45 45 b T Ll 7 ol P e PR B A3 2R 7 T
PCR =¥ VI A BE T 1% Bt B b 58 s 08 47 FL 9K
DNA % 2 2 7 i FI T4 DNAYE M, 16°C )% it 7%
HERE P WAL S E. coli DHSa 2, 2 BUF R,
fiti U 45 52 FIDNAW 7 53 A7 o1 J5 ) T4 4LE. coli

519 JF3(5'—3")
TIL-Fal CGGGATCCTATGAGTCCTATTCGTCG
TIL-Ral ACCACCTTCAGAGCCACCGCCTTCAGAACCGCCCGCACCAGACGCAAGACATGTCCCAATTAAC
OleT)p-Fal GGTTCTGAAGGCGGTGGCTCTGAAGGTGGTACCTCTGGTGCGACCGCAACACTTAAGAGG
OleT e-Ral CCGCTCGAGTTATGTTCTGTCTACAACTTCGC
TIL-Fa2 CATGCCATGGATGAGTCCTATTCGTCGAG
TIL-Ra2 ACCACCTTCAGAGCCACCGCCTTCAGAACCGCCCGCACCAGACGCAAGACATGTCCCAATTAAC
OleTg-Fa2 GGTTCTGAAGGCGGTGGCTCTGAAGGTGGTACCTCTGGTGCGACCGCAACACTTAAGAGG
OleT g-Ra2 CCCTCGAGTGTTCTGTCTACAACTTCGC
OleTe-Fbl CGGGATCCTATGGCAACACTTAAGAG
OleT,p-Rbl ACCACCTTCAGAGCCACCGCCTTCAGAACGCCCGCACCAGACGCTGTTCTGTCTACAACTTCG
TIL-Fbl GGTTCTGAAGGCGGTGGCTCTGAAGGTGGTACCTCTGGTGCGACCAGTCCTATTCGTCG
TIL-Rb1 CCGCTCGAGCTAAAGACATGTCCCAATTAAC
OleT); Fb2 CATGCCATGGATGGCAACACTTAAG
OleT)s-Rb2 ACCACCTTCAGAGCCACCGCCTTCAGAACCGCCCGCACCAGACGCTGTTCTGTCTACAACTTCG
TIL-Fb2 GGTTCTGAAGGCGGTGGCTCTGAAGGTGGTACCTCTGGTGCGACCAGTCCTATTCGTCG
TIL-Rb2 CCCTCGAGAAGACATGTCCCAATTAAC

a) A T A linker 8 & B ML M A linker E & B TRIK TR N EE V)AL A 58 B linker(20 AA) B % 15 JF 51 A
GCGTCTGGTGCGGGCGGTTCTGAAGGCGGTGGCTCTGAAGGTGGTACCTCTGGTGCGACC
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BL21(DE3), 5% % i & 41 & 5 5] £y 45 4 FusA(Hise-
TIL-linker-OleTg) . FusB(TIL-Linker-OleT;g-Hisg) . FusC
(Hisg-OleTye-linker-TIL) #1FusD(OleTye-linker-TI1L-Hisg).

(i) EHEAMEL, difb RN E. Kt
3 Ak 1Y B 41 4R FusA-D 43 51 LA 1:100 Fb 1] 35 Fh 2=
ILTB 35 95 56 (W8 In Fgh 7 W, 4k 4E ZB1L )50
ng/mLRIBEE ), 37°CHiFE3~4 hE LR (ODgop) =
0.6, INAIPTGHEEE 24 0.2 mmol/L, 5-ALABEHK
BAWIE0.5 mmol/L, 18°CHEF:18 h, WFHLEENIFE
O TRAAR, PN AGE 1 2% 2% 0l (50 mmol/L
NaH,PO,, 300 mmol/L NaCl, 10% Ji1 #110 mmol/LBk
me, pHS.0)H &, HA MR, B RS BART4°C, 12000
r/min & 0>30 min, Y W, W HIIAEENI-NTA
BHgIE F4CIRAL h. BURBWCEEH:, FE RS ik
(50 mmol/L NaH,PO,, 300 mmol/L NaCl, 10% H i fil
20 mmol/LIKME, pH 8.0)##E, JfHG2504 Ak kil
HEWRBW P ICE AR, KGRV ik (50
mmol/L NaH,PO,, 300 mmol/L NaCl, 10% H #1250
mmol/LIKIE, pH 8.0)X%) 45 & 7ENI-NTAR I iy H Y
HEEIET VR, X AE £E H R I Millipore it 18 55
D HEATHRAR . SR FH 2R DI A I 24 5 e H K 43 A 4l Ak
AR DA, B E B H I E R Bradford
PACoZE ek kA e e

(iv) RS E FusA-DIE I E . Bk
PLOleT e fiidi IS Y I T2 5E R (200 pmol/L) MY, il
4% M (FusA-D)& ¥ 0.2 pmol/L, H,O, ¥4k & 1200
pumol/L, ¥E200 pLJ AR T, 30°C W2 h. S5k
B8 7R T 1 e o ) il 2 1 FusC, DL = A RERR T3
B . = P S R T I TR B = AKOE WR T R (200
umol/L) M JEEH), FusCHJE /0.2 umol/L, 7E200 pLfZ
NIRRT, 30°C 3 h, &1 hfilA200 pmol/Lit %
& LUAH TR BE TIL AN Ole T, i 25 1R 25 B A2 AH [7] 4%
R B A R X IR LB S (R4 34 A7)
5, A100 pL 10 mol/L HCIZ 1k K2 1%, A
i OE B RRAE MW ER, 4R g2 5 BOE HL
FHFEATGCIRE, I LAAS 7] v B A o 5 22 ol b o 1t £k
HEAT )

2 #R5ihe

2.1 WG B AR RS P 5
] RE S e T 2H RS R A TR MR RS AT

PR 2 A4 linker /37 31 (R 8E | TR AL AR 2 1Y
7 B DA B il A B 1 P AL B R R JE O, B e 3R
T HE T Hh 25 [ S b K 2# Martin®s A UOHGE (10 & A
20/ 2 FE R 1 linker )7 8], A8 2 T 4FP R[] H3 Bk 45
4 1 B 40 fil & 85 1 FusA-D([&12). 7EAH [R]85 55 15 5
A T % iKFusA-D, S FE4lifb )5 & 4FP Rl & E A
PRI DAL R AP ol s Rk, BARE A B
5.

AL TE T, A SR AR T 8 1 Clig 1) P
Fili fil 5 25 (H (FusB 1 FusD) A g 4 1k TR 5 5K 2 i 72 2
- =, R E— 2 5 S H T R K
PR T Y R bR 2 F Rl A B NS, R RS
[ (FusA Fl1FusC) ) 2 31 H H Il = B8 /K f# 06 4 f g
Jif5 R 15 32 75 P . Fus A R FusC K i 15 P4 A4H 3T (8 3(a)),
{HFusCHY B 6 M 2 i T FusA(E3(b)). DL EgE %
HH 2H SR A 25 1 67 T LA B2 TIL A1 Ole Ty ) il 45 YK 7 7T
b R R A B B R RN s R

.

2.2 FusCHEfLIETES By

T8 IR 17 P i 5 1) il K 1 Fus A i 1k 711,
LK [7] B8 7R Vi BE 1Y TIL AN Ole Ty I 25 W VR A5 1k 2 1E
XF R, 3PN K R BoK S-S M.
Fl4fTR, MRS K R NI, PR IR & 7k &
AL = TR 2 SR R T R 7 R AN N 3.3%20.3%, 7] %
2 F FusCy= R 3% 14.8%+1.9% (Kl 4(a)); 1EI IR TG
PRI, XUEGHIR A 7R RN R ™ -+ =
[ 773 829.943.3%, [A] 45 5%~ FusCHEfL R 55 iR
PR N61.2+3.9% (K 4(b)). TMIETE IR SN 25645

@ 20aa
NH_His,-tag QiR ———

linker

OleTe. cooH

FusA

2023 “Q)eT —His,-tag COOH
linker

FusB  NH, TIL

20aa
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Figure 2 Schematic structures of four recombinant fusion proteins
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Figure 3 Analysis of FusA and FusC activities. (a) The hydrolytic activity (trimyristin as substrate). (b) The decarboxylation activity (myristic acid as

substrate)
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Figure 4 Activity analysis of the fusion protein FusC and the separated TIL and OleTg. (a) The hydrolytic activity (trimyristin as substrate). (b) The
decarboxylation activity (myristic acid as substrate); (c) the coupled hydrolysis-decarboxylation activities (trimyristin as substrate)

7% B FusCHE W2 I 1 44 £k 7K fife F1 R S e, HJE A% T
JV ) 3 T RO A A5 R R B AR T AU & A
PRI K 14.721.1%, FusCr= 12 20 4y31.7+2.9% (1K
4(c)). fEAF—FERE, FHPIREG LPIT RN, 7K
T hig S G A T 3K 5 32.7 %o 1.4% 1 772 5 141,
1M FusCAY 75 3 hfii nJ 32k 3] [7] 5555 5 (K1 4).

B R NS FusCHIR Y Z REME AT T % 5%,
PEH = F R H I ER = A S RE R H IS = 5RO IR
Hh s AT AL PR R S DL TIL IOl Ty I B3 B IR
BARZR F X IR, SLg0 45 5 % W FusCRE W8 M {L 3 Fh A ]
() H T =R & A G K MR B R, 43 A AL -
g b AL O e R SRR R TR
N EGE Y R 4 F FusCHY P 2 SR I I 7 T 3L
fiff i A R R (JE5). bk g S 35 3% B3 ¢ i I B TIL
t linker /7 5 il & #£ P45 0/ i1 2 JIE 2 il Ole T 1) Cliig
ATRBIE A T — > AR X =, SBT3 A9 e
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ﬁ 20 1 1
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Bl 5 FleE A FusCEfL = HAER HIER(C12) . = A BER H s
(C14)F =R AR H I R (C 1o)UY 7K MR A BN 14 o fo .~
B

Figure 5 Production of corresponding 1-alkenes from trilaurin (C12),

trimyristin (C14), and tripalmitin (C16) by sequential hydrolysis and
decarboxylation catalyzed by FusC-{triglyeeride-as-substrate)
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Production of a-alkenes catalyzed by the fused lipase and P450
fatty acid de-carboxylase

SUN Yue'?, MA Li', CHEN Hui', XU HuiFang', ZHENG XianLiang', QI Fengxia' & LI ShengYing""

! Shandong Provincial Key Laboratory of Synthetic Biology, CAS Key Laboratory of Biofuels at Qingdao Institute of Bioenergy and Bioprocess
Technology, Chinese Academy of Sciences, Qingdao 266101, China;

% College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266000, China

* Corresponding author, E-mail: lishengying @qibebt.ac.cn

The irreversibly diminishing reserves and the fluctuating price of crude oil, together with the serious concerns on the
global environment and energy security, all suggests an unpleasant future of fossil fuel. Within this context, it is
imperative to find alternative eco-friendly fuel with properties that highly mimic fossil fuel. Aliphatic alka(e)nes
generated from renewable resources via biosynthetic pathways perfectly suits the criteria and represents the ideal
“drop-in” biofuels. o-Alkenes are special microbial natural products. These biohydrocarbons have attracted much
attention due to their potential application as biofuels and biomaterials. By coupling the activity of lipase and P450
decarboxylase, lipids (i.e. triglycerides) can be transformed into a-alkenes via free fatty acid intermediates. To improve
the conversion efficiency of lipids to o-alkenes, in this study, four different versions of fusion proteins of the lipase TIL
from Thermomyces lanuginosus and the P450 decarboxylase OleTg from Jeotgalicoccus sp. ATCC 8456, including
FusA (Hise-TIL-linker-OleTyg), FusB (TIL-Linker-OleTg-Hisgs), FusC (Hisg-OleTjg-linker-TIL) and FusD (OleTyg-
linker-T1L-Hise), were constructed and comparatively evaluated. The optimal fusion enzyme FusC was able to convert a
number of triacylglycerols including trilaurin (C12), trimyristin (C14) and tripalmitin (C16) into corresponding a-alkenes
via the coupled hydrolysis and decarboxylation. The 31.7% yield of 1-tridecene from trimyristin demonstrates good
substrate channeling effect. Due to the higher catalytic efficiency compared to the mixed TIL and OleT}g, as well as the
simplified enzyme purification and hence the lower cost, this fusion strategy may hold significant potential of
application.

Lipase, P450 decarboxylase, fusion protein, a.-alkene, substrate channeling effect
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