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w5 5N B -B-D- i AR 2K ZUBE AT (IPTG) | 1+ H b
M4 ,Sigma—Aldrich 2> 7] ; B I B¢ 55 N R 22—
%, Fisher Scientific 2 5] ,"Eﬂlg%?% ST FE [
YR A BRA T FAD, b i 3 s kA bR B A
(/NP AT 7N e = R o e T E A
B e A R A A

1.2 {5 E&

7890A-5975C GC/MS Bk FHAX, H A Agilent
N E]TS-2102C BUERFE IR, H M 41 B AU
F FRA TR ;BOXUN 57 3 28K A%, i1
WS A B BRIP4 ) AIRTECH # v TR &,
I e ZR 23 SR AT BN B s XW-80A Jig i i &
i VDT MR DL R AR s A PR A A
1.3 Hi&

1.3.1 B RMFFEIE B35 i SR A
2 R AT B B R E  JBORE R R T VL RS R, JBUkE
% B A pET28a -7S2058 ~-MCRA  (GenBank :
JF747255.1) ™), o KA #F " DHS5a #1 BL21
(DE3) &z 5 40 i % Ak, fe 2R 45 T it 23k 10—
WM R K A W KA AP BL21 (DE3)/ pET28a-
7S2058-mera™,

LB WA B 3523k S8 10 /L, B RR T S of
L, & A 10 gL,pH 7.4~7.6, LB BE{RK; 54
18 LR LB AR K F2 B m A Bt # 15 /L.

i AE-80 C¥ WA 2 mL K IAHF 1A BL21
(DE3)/pET28a-72S2058 —mcra #% Fl' T 100 mL LB
WARREFRHE P A 50 mg/L K AR % 2,37 °C 200
v/min §5 3% 12 h; % 4.0% 3% Fp a5 5 20851 LB
WA IR A 50 mg/L K AR £ ,37 °C,200
r/min 5 7# 100 min  (ODggm 0.6~0.8), T A 0.5
mmol/L IPTG (IPTG %W 5 557, 75 5 5 20 44 A
Xt 10— 7M1 R 7K A B 56 Y 2R 38 ), Ak Sl A B2 R
H1 18 °C. 120 r/min 15 3% 24 h, $i5% S B IR 45 R Y
AN KRG FRAE 4 °C .6 000 r/min 250> 30 min,
{545 1T W, ARAT TR B TR U8 A3 2 7E 2 mL B0
R, T =20 C R A AR
1.3.2 #E ML AE 8 mL [ 5 N
TN 3 mg SR W AARAE S 2 I IS, T R RE im A
50 mg # e, P 1 mL B 2% v iE W (pH
6.5,20 mmol/L) , g iR 1R & #5 7% 7 Z W e IR A 4
A5, 43 BIAE 30,35,37,40,45,50 °C,200 r/min %

R 6 h, 58 I X 10-HOE 1L 19 5
Wi B T Y SE A BF Y pH A (pH=5.5,
6.0,6.5,7.0,7.5,8.0 18 {2 45 2% v W) X+ 10—
HOE 3 AL R M52, AR A AE . TR TR
pH {8 i 3£ A: -, m A (0,0.01,0.025,0.05,0.1,
0.25 mmol/L)FAD, #F%% FAD ¥ J& %I 10-HOE #%
e 2 A S AN S FEf o IR . pH FAD
W L AL 3 I A [R5 535K (2% , 5%
10%) A s OB IEC ke RN B LR LR, B
55 A HLEE 57 PP 28 Bovk BE X 10-HOE %% 1L 2R (1) 5%
e, LA S AR S FEAf B pH B (FAD MR B |
AL R RIS TR B iy 2 hk -, A 0,2%,5%,
10% ,15% ,20% H i, W 58 H i 5T i 53 206 10—
HOE 5 AL R 52w, AR S . FEHf o TR
pH {E FAD W& B A7 ALV 7P 28 B B | H vl iy ik
fill 1, fmA 0,15,50,100,150,200 mmol/L 4 1k
B W5 A AL SR X 10-HOE # AL A5, He
RFNAE . TEMfE IR pH (H FAD W EE A AL
VS R BN R B H I AR A v B Y Sk 1 K
AR R HE (0,20,50,100,150,200,250 ¢/1),
WEFE W BEXT 10-HOE Ak 252, HAa 44
AR R IR pH (H FAD Y B A LI 7 Fh
2 R BE I AN | TR R A B R
MR B Mk E (4,10,20,30,40,50 g/L) , WF 58 0.3
Mg e 2 AT 10-HOE % AbR 1y 52 i, Hop SRR
FERGE e A I TEIZ A T #E1k 6,12,24,72
h, W55 10-HOE % 1k 2Btk (] (1) 22 4k
1.3.3  10-HOE A9 48 BCF F g AL ab BE g 10 R 1Y)
PR, B SR A5 oS AR ARRE S PO 2 mg T
BERRAVE NI bR, T4 IR 2T, A 1 mL 5 N B, JiE iR 72
A7 30 s, B IMA 1 mL IEC %, 78470 %
¥ 30s,7E 4°C 6000 g %514 T &> 30 min, T 4
IEC B R R AR AR IR T RR A i
AL . FENR TR AR TP in A 0.2 mL B A
Bt , I ZHR % 5, 78 % R S0 30 min, 1A 50 pL
2,2 mL iE 2 48,2 mL ## 4l Kk F1 100 pl 0.5
mol/L. NaOH ¥, B.OBUECKZ, i 0.22 pm
FAHLUERL G 25 A 2 mL TR,
1.3.4 S -JRigEMN 10-HOE & & S -ii%kk
. ZHEAS 7890A-5975C, FEAL . Agilent 19091S—
433,0.25 pmx250 pmx30 m, #HE150 °C, 1452
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min, P4 5 °C/min THEZE 200 °C, £ £F 10 min, FLL
4 °C/min FHE % 240 C, PRFF 10 min, 3% 10:
1, FAEIR 3 min, 2 FF 45 F1RE DU 8% 18 B2 121 8 240
C, A=A,

PARE B FREL 10 mg T TL B IR AREE (N b5
) .10 mg Wil B2 b5 FE (10 mg 10-HOE, fA 1
mL B R £k 28 % (20 mmol/L,pH 6.5) , H F ik
Ji 7 TR B BB, PR R Ak 7 ik A 3R S R AT R -

R
1.4 BUEMBMELENITHE
WL DA f T
A
. (1)

m,

A A —— AR+ TE R 1Y 0 T AR (mVx
min) ;m—— AR 19 BT i (mg) ;A PORIEL Y Rib]
I TH AR (mV xmin ) ,m,—Xﬂ'HE%EﬁB\%E(mg)O

FRAE S5 PRSP 15 D0 ) 1 e i 0 o 7 AL, 35
Ho it mi(mg):
A,
A,
m

A I T s A —— 0y S S 0 T

(2)

m,=fx

3
>
£
iy
# 2
3 8 13 1.8 2.3 28 33
I 8]
Time/h
(a) =W <M £ 1% R

B (mVxmin) ;A —— N A5 9+ %68 R 1 04 1] A
(mVxmin) ;m—— A NFRYI & (mg) o
10-HOE #4675 o K715
a=(m; [ my)x100 (3)
P m——ikFE i 1 10-HOE i) H R4 4
T (mg) ;me—IRAE @ T & (% S0 R Jo

(mg),
M AR o, BT
a,=(a; / a;)x100 (4)
AH, o B E PSE 1 AN RAE (6 IR

) MR R AL (%) .

2 ZR55W
21 10-HOEWS-RiLLETELER

e 200 L2 A 7 0 AR T T 5 SR G &
la i, JE 2 3% R DS, B A5 T FOBE IR R
S YHI R A, AT 5T 8 A B R o Y I el
1b fizs . HAFEREH 169 miz & 201 m/z [R5 3Cik
[24], [26]"F4liE#Y 10-HOE Jii% K45 A, 5
PSR A — 2, RO, T ARG 2 i3 i 10—
HOE, 7/ 1a #,10-HOE Ay i AR &5, i B K
Y T AT T 26 48 B % S 3 PR A AR 4 i % A BE T, AT
AR I 10-HOE,

169.1

Abundance

ARXS 5 F

551 11
[29.1

1121
;h;ljujhm J Lo
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B L
Mass—to—charge ratio

(b)10-HOE 1 JFi 3% %]

201.1

e 1o FR T ABEER (1=11.142 min) 5 2. JEEY W IR (1=17.676 min) ;3. 774 10~-HOE (¢1=26.348 min) .
B1 EAXEHREDERTUHIEE

Fig.1 Identification of the biosynthesis products of the recombinant E. coli
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2 G R AN TRD BE R S 4 M A Ak G g 10—
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il E R T 45 CI B2 AL AR R T B A0 fe
FRALARBY 10% 7547 . Feddiite BE A4 126 9 0 1 2 40 i
WAk B OCH S O 13- R K A I Y E 4
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A=A R T R S, AT DA E A B A0 Y A
P AR T 52 M 7= 4 G M), Rl R R W Y
A, B TEPR 37 CCHEAT )G Zeih B4 Mo i 1k
2.3 pHEXMHLERHZIE

¥ B 40 4 i 10-HOE Y55 16 R B pH A28
R tnlE 3 Fros ., BEE pH (E I 1 vk 4k R5%
i, 4 pH 6.5,7.0 B A 38 3 i KAE . pH H
Yk 3G i AR B R AL, X AT B2 i T 10—
ST R A A T 1 T A2 B A A AL SRR, N
] pH {45 11 T B 0 15 P 2 22 5% pH (H HL#%
200 T2 B 0 A K R AR TR L R e, Y
pH 7.0 B, & 2 40 B 5 AT O R s 05 1, X 2
FRERAFENRIEA K pH N 74~7.6, SAR
Y25 AL . A TR K A T 0% E 4 TR % AT
PR 5 W 10—F2 FE 08 i iR 19 503 pH Bk 7.5 ) 4%
VT K AT T ) il A K pH (i, B K 8 A0 i i
i Fcid pH E N 7.0,
24 MRUWHEEETF FAD RE

W 4 Frs, B FAD e BE B9 38 m | 1 44 %t
VT R B B AL B 0, 24 FAD ¥ 35 0.25 mmol/L
Ja AR TR M TR B I FAD B 5% 4k %
BT 5%, X2k 10— R K A A
it PSSP | 7 S AN R Ak e R b AN Tl g
N7 FAD A F T 10-HOE f& i, KT8 T 1A 1% K
BR B (Macrococcus  caseolyticus ) B 1 R /K 4 g H
AR FAD R, MK R AR FAD
B 5 v R K A Tl ) EE 2 R S LA A P B
FAD ¥ B 38, LAk i R, 24 FAD R
TE 0.2 mmol/L LA I B 5 1 2 7K A it %) B 2H 1 4 AL
TR IR B, BRI T T S A A R Y
T G2 HE B M AL R, S 5 SR
SEMAG L, A3 T DR o B m L n 48
AR ORYT ) & il FAD W% 4 0.25 mmol/L,
25 MRUMBENBFRERE

5 52 7 AN TR A BILA TR0 6F B AR B b 1) B
FE 2% I WG G0 T B0 B B | 2 BE X i Ak A
VIR, WA N R B S TN B BOE 2 B A A
TR, HOE CRe R it oA bR 2 R ok
WA LR Y 3.8 A8, SR, A AL R v B 1S
B —E B, B AR B % A0 32 B I AR, 0 40

200
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100 F

50 F

PO v
Relative conversion yield/%

30 35 37 40 45 50
g8
Temperature/C

B2 HUBENENELRNZI
Fig.2 The effect of temperature on the conversion yield
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n
S
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Relative conversion yield/%

e
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pH 1&
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B 3 pHEX B4 E /0
Fig.3 The effect of pH on the conversion yield

700
600 |
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Relative conversion yield/%

0 0.01

0.025  0.05 0.1 0.25 0.5
FAD ¥ Ji
Concentration of FAD/mmol-L™"
4 FAD REX BN ELER I
Fig4 The effect of the FAD concentration

on the conversion yield

BEF AT =, A LI AN A S Bl i 50 B2 e
(PR AR L, ks ok 200 B R AT 2 A T Ak A A2 o 240 M
FEAL A0 A2 1 A A B T B A I A
VR [ AN W IR A0  EARA PLR & | i A — st
NG RNER o W) BORE S F e ok H A, f i
P T TE AR O S Y 20 B B 58 v R A R AR R
14 T AR P AR A AR BY | X 2 A PR BE 5 4 2R A
Al IE 2 e BAT (R i R 8, HostiR PR, X
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400 |

A # Al 52
Relative conversion yield/%

0 R

B ZRMZFE RWRE ESk
TR b 2 e 2
The type and concentration of solvent
B 5 BHUKFIHEL RN
Fig.5 The effect of organic reagent

on the conversion yield

Or T RIRRE VR MR A BT R R Y AL T
P, TR T AR, &k # 2%/ IE C iR

INEN AR AR R
26 MMUWHKRE

P AR, A AL AF AR, i 2 a0 g 2
A —ERIER, 0] k) 40 i B A — 2 1Y
PG PR IR X AR R R s dn i 6 Fir
TN o Bl A R R B AR BT FRAIG, R
AL AR . I A AR FR AR Rt R
PRI A — AR T RAR AL A2 AR

ABESE T H RN T AR R R, SR T
WP EES RN S, 55— NRE R
S IR B T 2 RS A R IR, 4 A A
10—V 1 158 7K A5 T 10 3 P8, DA A A1 T A4 75 B 10—~
HOE b3 B AT H i s 221805
27 RUMSEHNRE

AN [R]85 1 Ak At ) B A 5 A i 10—
HOE # AR mg i 7 fros , M8k
15 mmol/L i, GESE 3 N Ak 58 | Y HMk B 3k iy B
BEAL R ICI W28 4k . Gandhi ZEPIBF 5T & 24 &4k
B RO I R 2.5% ), 23K B AT B
(R A 4, DT 52 ) LA A 7 A o 3 i 1 S 1L
AR N SN B R B8 R s 3
NF T TR B AR TE BN A T sS Re 7E TR 2R 50
ik B AL B AR A VR E 15 mmol/L,
2.8 MMUMERE

PRI 3 0) S 40 R 2 A B B 10-HOE %% k2%
FR 5 T AN 1AL 8 JT 7S e b 23 I A vl 32 1 2 o v 34
T, 4R O K 200 /L JE B AR R JC B B AR

fbo XEH TS 5MME RN RETRE SRS, 54
10— R /K A5 Bk 2, &5 B 10-HOE 1 g 77 #%
ST Y P VR 5 R 3k B AR S B e bR
P ETE, X5 13-LHT 240 M fit 4k W0 3 iR &
B 13-HOE 1Y 45 AL, 13-HOE ¥ Ji£ Fifi 4 fitd v
JEE 3G TGN, 2 A0 e R P AE 25 /L DL |
B E TR, B AR 2 R 70.0%7, 1 5 T ok 2 ik
125 1

50

251

LEROREE IS
Relative conversion yield/%

0

0 2 8 10 15 20
Hoh
Concentration of glycerol/%

B 6 HiliRENENELRNFIE

Fig.6  The effect of the glycerol concentration

on the conversion yield
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Fig.7 The effect of the NaCl concentration

on the conversion yield
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Fig.8 The effect of the E. coli concentration

on the conversion yield
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JEh 200 o/L #4752l 5
29 MUERMIRE

UG A 25 S an &l 9 B, Bl 0 R VR
340, 10-HOE 1) #% 4k 36 52 56 18 K5 sl /N 1)
P, YIRS 10 /L B, 10-HOE #%4k
FH (68.3+£3.9)%; 4V i R v B N = 20 ¢/
B 2 Ak 3R T B AR 100 BH I R ST 9 798 3 B AR A
55 13-LHT 40 % Ak 7 I R 1) 45 SR 25 8L, 7= 13—
HOE (1% v £ Fif % 90 WV 7ih 5 W 82 1 338 Jin it 385 m >4
IV 7H R B i MR R 250 o/L A B4R AT, 13-HOE
Bt Al 5 STV JEh AR B 1 0 T 2 3 D /NPT e i
T, YA e R X 4 A Ak A AR T R A
R, L A0 v B 3 v, X B A —
FFI AR AE D, L 10 o/L 4 3 311 52 A JES 4 1) 5 Ak
R, 0 LA 20 g/ B0 R A i, g LR
54 (50.71.6) %, 0 T $ 15 A2 P20 % e 85 20 ¢/L
SR Ry S W HEA T IS BL 25
210 #H{LHEmE

TR AR R i B A B 10-HOE 1954 Ak 2R il
B TR] A 2 Ak G T 10 Fr s o DL 20 /L S R 0 Jis
Y, A 4 B BT 5 R 200 /L, Bl B B A
] A B0, S AR hn T A 3R S 4 RS D
AN MEAEIE 12 h AR K et 3% 4k 12 h
I, AL Rk (62.2+1.7) % , I 5 55 Ak 180 R 38 fin
FE WL/ 524 h AR R R (73.120.9)% , 10—
HOE Jfi & ¢ & 0 (16.3+0.2)g/L; 554k 72 h B, 5%
16335 (81.5+1.3)% ., Kishimoto Z5P7H) FH B A= 4 &
T LA R T B AP (Lacticaseibacillus para-
casei subsp. paracasei JCM 1111), L2 o/L Wi
iR MY, 78 pH 6.5 .30 C&MH4 T4k 148 h, 10—
HOE B & L%k 91%, J& HRiEY A i 10—
HOE &2 i i 4 IE . AWE5E R 8 20 KB AT ia
PL 20 g/L I I v B AE 24 h N B 8RIE 73.1%
W K HAETH T 10-HOE i AE 9 & 0% .

3 it

3 S A 0T — T B ORI A R R R
YA AL 10-HOE M &5t . SR #k
b, MENRA IR R F 41 G B 10-HOE /) f: A%
ZAEHR .20 o/L WAl R . pH 7.0 19 20 mmol/L 5 iR
% wh W 200 ¢/L B I .0.25 mmol/L. FAD 2%

125

100

75

50

25

LD IS
Relative conversion yield/%

4 10 20 30 40 50
7 R Ak A

Concentration of linoleic acid/g-L™"
B9 iR E R EX N E
Fig.9 The effect of linoleic acid concentration

on the conversion yield
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= = = >

el
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R} fi]
Time/h

B 10 mAFHETRETEHIAME
& B 10-HOE #y i i8] i 2%
Fig.10 Time—course reaction of 10—-HOE biosynthesis

using E. coli resting cell system under optimal conditions

IECHE 15 mmol/L &AL AN, H I # K 37 °C 200 1/
min $1k 24 h AL N (73.120.9) %, 500 1R
FAFMIE, AR S A0S K 10-HOE %51k
R FRARIEET, AT IRA KRR ELA HF
BN 5% b vk & Y 10-HOE , J7 5 /E faf 5, A= 7=
R, 10-HOE B4 v, A B 40 i & s 10-
HOE i Tl A = 2k R 2%

2 % x M
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Resting Cell Biosynthesis of 10—Hydroxy-12—octadecenoic Acid

Guo Qianwan', Peng Shuyue', Wang Chenchen', Zhao Meng", Michael G. Gaenzle'?
(’Key Laboratory of Fermentation Engineering Ministry of Education, Hubei Key Laboratory of Industrial Microbiology,
Hubet University of Technology, Wuhan 430068
2Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, T6G 2P5, Canada)

Abstract 10-Hydroxy—12-octadecenoic acid (10-HOE), one microbial hydroxy unsaturated fatty acid, was recently re-
ported to have the bioactivities of the anti—fungi, anti—inflammatory, and anti-allergic effects. It has the potential to be
used in food, pharmaceutical, chemical, and other industries. Thus, the biosynthesis of 10-HOE is worthy of investiga-
tion. In this work, 10-HOE was biosynthesized using the resting cell system with linoleic acid as the substrate and the
recombinant Escherichia coli as the catalyst. After the single—factor experiment, the optimum conditions for the 10-HOE
biosynthesis using resting cells were obtained, eg. 0.25 mmol/LL flavin adenine dinucleotide (FAD), 2% hexane, 15
mmol/L. sodium chloride, 20 g/L linoleic acid, and 200 g/L. cells at pH 7.0. The mixture was incubated at 37 °C and
200 r/min after a thorough mixing with a vortex mixer, and a conversion yield of (73.1£0.9)% with the 10-HOE con-
centration of (16.3+0.2) g/l was achieved at 24 h. Within our knowledge, this is the highest concentration for thelO—
HOE biosynthesis. This work provided one method of the 10-HOE biosynthesis, which might be helpful for the industrial
production.

Keywords 10-hydroxy—12-octadecenoic acid (10-HOE); biosynthesis; resting cell; experimental optimization; single—

factor experiment



