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W E . F5 M B2 T 85 (fatty acid ethyl ester ,FAEE)Z B Al x LA & A o9 A 4R ML mpp T
J_ 4= FAEE b B a7 4B 6910 3 & R 7 i B A S M %, 6l e TR T F 00 A& = RAKSE | B
B ALERITN T CEAN BB A B9, RATK B8 i R OB B R aR R R R
% FAEE # 874k Re My BLihBeE A 69 =&, @I NRBERB T T FTHACHINR AR
WS2 (% Bs & B K B )M — 4T A A H H 84 kM Z3— %7 L5 AR FAEE 69K #t i@
% FHEMH B A F 3 — TRk y LB B 4o T BEES 1212 (AARE] AARE2) , =%
H ki 12 (ADGA1,ALROI)#= B A& 12 (APXA2) R, Bg Iy BRibi B A 89 508 , AN A8 2 69
TR BLII A, ERENINBERNMBRRKREMT FAEE 9 7 MR T AR ELRA
#k BY4741 &k WS2 B4k BYW2 3T 945, #7842 11.72 mg/L, 1 TR & =4
FAEE 7 B8/& , B H A BN R T RABMEA L ER M LB EFH LB RARLT
LR AR XX 3 ANE F AT A, SR AY e LB A AT B4R T FAEE 2%, R4
Beatia A 60 h, ZEE A AKX A 20 h &4 Fa 6 h 4k R BEIR AR89 2% , s it FAEE 7 &
KB R &, A 144.4 mg/l, R R ACH FAEE = 2469 12.3 15,2 B X ¥ 4% BY4741 ¥ FAEE =¥
89 480 4%, At —F R I FAEE = 2, R0 K BHER B JF 23 )b T SR e 816 W Ak BYDSW2 Aw j&
BT R T H Ak BYDSW2* 69 FAEE = 249 £ 7, 45 R 2 7 K752 5 T4 B 4k BYDSW2 #9 FAEE
& FH 0.618 g/, JkuEvE KB4 #k BYDSW2* 69 FAEE &% & /= % 4 1.35 /L, & B AT 4Rid
9 ) 7 8RB B 5 7 FAEE =2 P& &%,
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Metabolic Pathway Modification of Saccharomyces cerevisiae for
Overproducing Fatty Acid Ethyl Ester

JIANG Hui, ZHANG Lihua, XIA Yuanyuan, CHEN Xianzhong
(School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract. Fatty acid ethyl ester (FAEE) is the most potential new energy source in the new century.
Compared with the current common chemical synthesis methods, the production of FAEE in
microbial cell factories has many advantages, such as low environmental pollution and low

s B # . 2020-12-31
HEEMB . 1LHA A RBAI 4T H (BK20171138)
*EEEE . KL (1980—), B M4 Bobz, L ge AR SN, 32 A S o W AR S AL O TGRS

E-mail : xzchen@jiangnan.edu.cn

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 2 2022



E oINS
£ OB 5. BUBEEA TSR ORI R R B ik U

production cost. Saccharomyces cerevisiae has the talent to produce ethanol and fatty acyl-CoA. The
production of fatty acyl-CoA, i.e., the precursor of FAEE, was thus improved by modifying the
metabolic pathways of S.cerevisiae. By introducing codon-optimized heterogeneous gene W.S2(wax
ester synthase), a metabolic pathway was constructed and it could use glucose as a substrate to
generate FAEE through a series of reactions. To enrich the fatty acyl-CoA, it was necessary to further
reform its branches, such as blocking sterol ester way (AARE1,AARE?), triacylglycerol pathway
(ADGA 1, ALRO1I) and B-oxidation pathway(APXA 2) to reduce fatty acyl-CoAutilization. The results
showed that the knockout of three pathways greatly increased the yield of FAEE. Strain BYW2
expressing WS2 gene had a 9-fold increase in FAEE yield compared to the original strain BY 4741,
and the shake flask yield reached 11.72 mg/L. Due to the low yield of the target product FAEE, the
fermentation was optimized in the shaking flask. Three factors including the addition of ethanol and
rapeseed oil addition, fermentation time and ethanol addition mode were optimized. The results
showed that the addition of ethanol and rapeseed oil significantly increased the yield of FAEE. The
optimal fermentation time was 60 h, and the ethanol addition mode was to add 2% of the
fermentation volume every 6 h after 20 h.Under the optimal conditions, the highest yield of FAEE
reached144.4 mg/L, which was 12.3 times higher than that before optimization, and 480 times higher
than that in the original strain BY4741. In order to further increase the yield of FAEE, the difference
of FAEE yield between uracil deficient strain BYD5SW2 and uracil non-deficient strain BYDSW2*
was compared by fermentation tank. The results showed that the highest FAEE yield of uracil
deficient strain BYD5W2 was 0.618 g/L, and that of uracil non-deficient strain BYDSW2* was 1.35
g/L, which was the highest reported FAEE yield by S. cerevisiae currently.

Keywords: Saccharomyces cerevisiae, fatty acid ethyl ester, AREI, ARE2, DGA I, LROI1, PXA2, wax
ester synthase W.S2, gene knockout, gene integration

TR TP P B 2 — i A DA W R L I B 0
AR R T, A O i d LT T 9 R AR A 7 T b

Wt Saccharomyces cerevisiae®™® ;=M EEEE Yarrowia
lipolytica 55 1 A= ¥y A4 4 38 3 AR i A2 o 3 A=

PR G e Bk B AT AR A R A R AR 0 A B iR AT
AR B F7 S50 05, — 1R Atk R g AR 5T 1)
X R R 2GRN Iz TR IR R
FH T Ho At B A 5 22 Tl (B A 7 P 0 & 18 461 4
CBE NRITEAEG A 55 o 30 43 w0k B T 4 #
ZBE A 23 T N T 2 A FAEE JE 38R BT R 9 Ik 2 1
I P07 ot e B A2 P78 43 R WS2 AR R AR A TR
AR AP S ET R Y T FAEE, 33X AR
T TV RN 0 2 e e REE (A BGEAE AN N
BB Bt T3 40 i T AR 7 FAEE 9 F 52
JERRIR Z W Z W50 4 vh 26 R AL 2% & iR
FAEE £ S8 AT R I, A3k A2 A B s 250%
B o AR B 55 R OB AR T T A AR A T
P] I DA 2 B2 25 08, R 4B T2 47 FAEE 32
iRz B AR 9L L AT 2 22 FE KA E. coli R

FAEE, HA7E ™= B LE Y arrowia lipolytica ™3l it
AR vl s 45 F BE Al FAEE =555 118 oL, & H
A P e R T, A TR PR b ol e R PR
Wk BEL BT 9 S 3 4% DA e SR 4R 3k WS2 % - B3k A% 1)
FAEE % 5 7= 0 34 mg/L®, A B 5% FAEE (910 i
it WL 1, FAEE #fi ™ i ik 3 144.4 mg/L, K%
W= Ik B 1.35 o/L, 14k e F) FH R i 1 A= 7=
FAEE H¥54b T3 K
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Fig. 1 Metabolic modification of S. cerevisiae for FAEE

production

G i < B i 17 PR e A B4 PR PXA 2 ) Rl 5% 4 BEL B

B A& 1% ;Module 1 1 3 Z5 i 12 BH T i & & 4
FAEE Hii&Y) li——A8 Wi BE4 s A, Module 11 J&7E
Module T 3l [ 52U 3k BRI e RE 25 65 11k
1) 5 i A A it 5 R W.S2 % 2B AT Module T H & 4
()16 I B Al A A W S2 BRALAE FH N etk 3R AT BT
7 1 H B4 FAEEY,

1 #RSHE

1.1 ##

1.1.1 #Ak, REfsld SCERPTHEKRLEIL,
BYA4741 J& Wity W bF 2H 2 R S 2R W Al 2 R AR
WA G5kt o3 7R BT R 5 KL pMIRT=21 .« Fh A % BT 7E S5 58
AR, UL 2% 2;pMD19-T Simple 514 . 14 [ TaKaRa
A SPCR 519 0 M BATR AR P RE B IR0 A7 BRA

BY4741 His Leu ,Met , i 1 BE ik [ (ERiee v
BYD1 BY4741(AAREI,AURA3) EN IS
BYD2 BY4741(AAREI,AARE2,AURA3) AT
BYD3 BY4741 (AAREILAARE2,ADGAI,AURA3) AT
BYD4 BY4741 (AAREI,AARE2ADGA I, ALROI,AURA3) AT
BYDS5 BY4741(AAREI,AARE2,ADGA I, ALROI,APXA2,AURA3) AT
BYW2 BY4741(HO::gda~URA 3-TDH3-WS2-CYCI) AURA 3 AT
BYD5W2 BYDS5(HO::gda~URA 3-TDH3-WS2-CY C1) AURA 3 EN T

BYD5W2* BYD5(HO::gda~URA 3-TDH3-WS2-CYC1) EN IS

K AFAE
pMRI-21 HA R m a8+ GALLGALIO AR S %

ARE1-g-U Ts—ARE1-gda—URA 3(AREL % &) EN IS

ARE2-g-U Ts—ARE2-gda—URA 3(ARE2 i[5 &) EN IS

DGAl-g-U Ts-DGA1-gda—URA3(DGAL % £) ENIS

LRO1-g-U Ts-LRO1-gda-URA 3(LRO1 #[%: ) A5

PXA2-g-U Ts—PXA2-gda—URA 3(PXA2 #l5%: £) EN IS
Ts—HO-gda-URA3 i e A ic gda~URA 3 1) ¥4 2 AW
Ts—HO-gda—~URA3-TDH3-WS2-CYC1 HO 7 55 2 WS2 323k & it e LN e

AlE M, WA 3,

x1 AMRGREK
Table 1 Strains involved in this study

F 2 ARWEEET AR
Table 2 Plasmids used in this study
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x3I AMRFASY
Table 3 Primers used in this study

ARE1-F ATCTACGTGTTCGCATGGAT
AREI-R CTTGCCCGTAGAAACTTGGT
ARE2-F CAATCTATAACAGTGGACGACGAG
ARE2-R CACAATTCCACCAGTCACCGT
DGA1-F TTCTTTGTCTCTCCGTTC
DGA1-R GGCACTAGGTTAATATTCCC
LRO1-F TCTACTTTCCTTTAAATAGCCCTT
LRO1-R TCAAATCGAATGAAATTGCCGT
PXA2-F AGCTCAATACGCAAACTTCAC
PXA2-R AAAGCCCGCCTAGAATACGAAAT
ReAREI-R TGCTCTAGACCTGCTCTTCGACATGATTCCG Xba I
ReARE1-F TGCTCTAGATGGCTCTTCATAACAAACACC Xba I
ReARE2-R TGCTCTAGAATTCCCCAACAATATCAGTGC Xba |
ReARE2-F TGCTCTAGATTTCTAAAGTAGGTCCCACG Xbal
ReDGA1-R TGCTCTAGAAAACCAACTTTTACGCTTT Xbal
ReDGA1-F TGCTCTAGAACATCATAAGCCTTTGTCG Xbal
ReLRO1-R CGGACTAGTCGCTCCAAAGGCAGTTCCA Spe 1
ReLRO1-F CGGACTAGTGTTTCTGCTCTCTCGCTTG Spe 1
RePXA2-R TGCTCTAGAACTGCATCTAGCTCTATCGGAAG Xbal
RePXA2-F TGCTCTAGAACAATTAAGCCCAGTGCCAAAG Xbal
gda393-F TCTAGAACAGGGTGAACGTTACAGAA
gda393-R GTATGGTGCACTCTCAGTTTCGCCCTTTGACGTTG
SC-URA3-F CTGAGAGTGCACCATACCACA
SC-URA3-R TCTAGACCCGGGTTTTCGCCCTTTGACGTT
gda-F TATACGCGTCGGACTAGTACAGGGTGAACGTTACAGAA
URA3-R ATCTTCATTGCGTTTTCGCCCTTTGACGTT
HO-F CGTGCCTGCGATGAGATAC
HO-R GGCGTATTTCTACTCCAGCA
HOleftF CCATGGATGAGGCCCGCGGACAGCATC
HOleftR GTTCACCCTGTTCTAGAGACGACCAGGTCAGCTAGGGAG
HOrightl GCGAAAACCCGGGTCTAGATTGTATCGAGATCACTTTTCGTG
HOrightR CCATGGCTGGGCCGAATCGCGTAAAAAG
TDH3-F GTGTGGGGGATCACTATACTAGCGTTGAATGTTAGCG
TDH3-R ATTACGGATCCGGGGTTTGTTTGTTTATGTGTGTTTATTC
ACT1-F ACTTTCAACGTTCCAGCCTTC
ACT1-R CGTAAATTGGAACGACGTGAGTA
ACT1-gPF GTCTGGATTGGTGGTTCT
ACT1-gPR GTGAACGATAGATGGACC
WS2—qPF GGCACTCTCCAAATCTTC
WS2-qPR CTGCCTCTTTCATCCTTG

T T R LR T D)5 a5 3 5.

RSt HULFIR 202 F5F A1 BE2H
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112 E&EHA

LB Hi 9% 5 (47> o/L) . H H K 10, BEBE R 5,
NaCl 10,

YPD 35373 (4 9r /L) - 3 1 20, BE RS 10,
&N 20,

MM 5 J5 3 (41457 /L) : YNB 6.7, i % ¥ 20, Bl
M2 10,

SM 5 37 3 (4143 ¢/L) : YNB 6.7, i % # 20, i
MR 8% 10, JREEIE 0.06,

it e 15 IRk (473 ¢/L) : YNB 6.7, #i i 20, i
iR %% 10, JREEIE 0.06,5-FOA 1,

KBS IR () /L) H% M 20, YNB 6.7, B
By 6, % A 3,K,HPO, 7.2,KH,PO, 9.3, Bt iR 3,
PRUEWE 0.06,

BYDSW2 % Wi 35 52 5 (4143 o/L) - # %K 60,
YNB 6.7, Bt ¥ 18, 5 H ik 3,K,HPO, 7.2, KH,PO,
9.3, Bl 3, JRMENE 0.06,

BYDSW2* & BEfESE 3723 (d4) o/L) . % b

60,YNB 6.7, MH:Hr 18, & (1 3,K.HPO, 7.2,
KH,PO, 9.3, i 3.
113 ZZXAMENE ECk(GER) . 2R
B (kg ). BThn T35 20wl 7= il s Bk 0
(YNB) 5-FRFLIE IR (5-FOA) : L i A= 9 TR R fi A7
FR 2% W] 7= il s A #E R £ 1 (Ethyl dodecanoate) | P 5
5% MR £ Wig  (Ethyl myristate) . #% fi] i £ B8 (Ethyl
palmitate ) . f# 5 % £, 15 (Ethyl Stearate) , — 2 £, g
(Ethyl arachidate) . MWi-9—-1 /\# & £ BE (cis—9-
Octadecenoic acid ethyl ester/Ethyl oleate) :Sigma 7%
F 72 B BE R £ i (Ethyl heptadecanoate) i —
O— TR L1 (Ethyl cis—9-Hexadecenoate ) ; TCI
ol — e IR & (ClonExpress 1T One
Step Cloning Kit) : g 5% i MEFE A= W) B A R 7] 7
ai ;. WERE RNA 4@ PO & : Takara 2B 973050 24 A
(SYBR Premix Ex Taq 11(Tli RNaseH Plus) )™,

B K O TR G AR AR - R 2 e A A BR A
Al  PCR 9384 . F 2R 26l B2 AL 28 A B
N A PR R R T S B ) i UV-
2100 "I WL 430G EE T gL R R Wl i
THRAE  BUHNE R ACAS B2 A R /) i i il 7
BT AL ISQ BP0 G AT 5T I A | e S8 AR £
T EF IR DO R R AT I ) B 3 056 A < B K A R A
HATBR A w3 5 A 3hm 22 ROK B HA =0

FLAIL A W) 3 5 B TAE G oM i & T il i
FL K B I 1% 2 4 - BIO-RAD /2wl il i 5 52 iF 9¢
JE i B P A 36 AR AR 2 W O 5 4 B Sl oK
BL: GRANT 723 w) il i& 5 A= W) 1% 8 43 A% . th AR 44 B
B A ST Bl pH . BRI A 2 A
il 1

1.2 Fi&

121 #natmAdse  XERPEEE: BY4741 5
AL AT o087, 4645 5 A3, 503 ARET ARE? |
DGA1 LROI PXA2 SN, MG HE P 3 510 4 282 it o
& UL AREL Wibr &t e il , Bitsl 9
ARE1-F fil ARE1-R, LAFREEEEE BY4741 SEH 4
JHEM,PCR §3% ARET #:H, 22 PCR il & 4lifk
J& ,5 pMD19-T Simple ZZAR#EFT % 42 , 2515 B 41
Hi Ts—ARE1L; PLUFUK. Ts—AREL A, %514
ReARE1-F Fl ReARE1-R (445l Xba 1 HEEI07
J5), F ) PCR 18 %] B Bt ARE1U-Ts—ARE1D, %t it
Mz A B Bz R B 5 TUORE Ts—HO-gda~URA3 [F]
IF 28 BRI VI Xba T WAL, BRI 0105 6 F B
ARE1U-Ts-ARE1D 5 J Bt ¢da393-URA3 % #% , 3k
5 7 £ R Ts—ARE1-gda393-URA3, LI iR 40
ok A BH, FH51% ARE1-F #l ARE1-R,PCR 14
F| W% £ ARE1U-gda393-URA3-AREID, VLI 2,
I P AERL SR s, g g At 5 PR B

1.2.2 AREI ¥ AW arkidA2 LR WS e St G 7 5
Bk BY4741 J R FERE, L URA 3 JEH AT vEdric
SR FH T 22 L 7 A 12 VORKEE il ok 8 0 U e A TR 1
BY4741 M @Bk & A feE E R R E] MM &4 55
FRILPRME AL T, RBP4, PCR 56 4IF %5 ) IE
WAL T B 1R A B TE i B 55 4L 73 4 1) 5-FOA
BRAR B b PR PR E L AT SR IR R 41, PCR #1245
RS 1 URA3 SEH 5, ¥ PCR = #3% 2 28 /)
¥, 8 80 L X TG 1% S5 O 980 L B DA PR 5 0 vk T DL
SR e AR sl

1.2.3 WS2 oM it f2 SR B EF BY4741
TR AT 53 B, 38 BORE 5 67 1 HOMY | AR 415 356 K]
G kE G AHE 1 S8R9 HO-F Fil HO-R, DA iR
W EE BY4741 BL[H 40 W #idi ,PCR 973 HO B[,
2 PCR ik & 4ifbJ5 , 5 pMD19-T Simple #54 i
frie %, AR5 H 4 ok Ts—HO ; LUK Ts—HO A
M, %1t 5149 ReHO-F 1 ReHO-R (43 B I Xba |
U147 5 ), B m PCR 13%] i Bt HOU-Ts-HOD, #§
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l PCR

AR e —

l <“—AREI-R

Amp
Ts-HO-gda-URA3 gda393
Ts-AREl . 5490 bp
3879 bp pUC ori
b - RA
pUC origin — . = ScURA3
i EcoRV HO l ) -
Xba | Reverse PCR l Single restriction digest Xpba | Xba | v Singlerestriction digest
D
’ Xba | l Xba |
LigItion
Amp ARE1
—Xba 1
gda393
Ts-ARE1-gda-
URA3-ARE1
pUC origin e e
ScURA3
ARE1 Xba'l
l PCR
ARE1-F —

<«— AREI-R

B2 EHRMN IS-AREI-gda-URA3 #1712
Fig. 2 Construction process of recombinant plasmid 7S-ARE1-gda—-URA3

Jiz 18] Wi J5 B e Be HOU -Ts—HOD 5 F Bt gda393 -
URA3 (W3 B A Xba | BEVIALAL) 4, A5 F 4 T
ki Ts—=HO-gda393-URA3, LA PMRI-21 Jiki Jy %k A
B, 4 GALL0 Ji 2 2 4 U R 05 W BE 5 5 3h
TDH3"3 T A5 3 P W .S2 S MR 408 R 174 1 £ 2%
W OuAL 5 B B IR, 9 s i A 1 DD 62 s BamH
Xhol , 38 3=F WD) i $ 7T LIOKE 5 18R 55 WL Tl Bk K] WS2 i
A BURL PMRI-21 19 )8 3§ TDH3 I 1k CYC1
ZIa] JE L WS2 By IR HE | BTRL i 45 9 pMRI-21-
TDH3-WS2-CYC1, | Sma 1 Bl Ts—HO-gda393-
URA3 $ H kA, e 5l i — 20 & 3504 WS2 3Rk
HE TDH3-WS2-CYC1 % 4% 3] Ts-HO-gda393-URA3
B B 4 Bk Ts —HO —gda393 ~-URA3 -TDH3 -

WS2-CYC1, LA bR A Foki A, 514 HO-F
il HO -R,PCR 13 %] WS2 #& & #HE HO —gda393 -
URA3-TDH3-WS2-CYC1, H A% A HeFy a7 0
K3,

1.2.4 WS2 AR #4342 UL BYDS Al kK E kK,
{I5LL URA 3 PR 2 i e b i , e T 2 1 4 Ak 12
A MER A R TR RS HERE A TE £ IR IR A
) MM [R5 25 BB EUR AL 7, SRR 41, PCR
B UE S5 5E RS AL of BB D BRI I e 1L
A E] S-FOA B4 b Rk Bk e 5 1k 7, R B
N4, PCR WA B E# H URA3 3£ M5, ¥ PCR 7=
Yk N EV R, 78 L TR S R R A B AR
W 75 3k T L R A AR e

R N UL T A Y- WIET P OO |
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Loxp site
pBR322 ori | #as ADHI terminator
L PCR
HOH hﬂ- PTEF1
HO-R PMRI-21
4354 bp
/ KanMX\ /~prpu3 BamHI )ThOI
v ——
\ |
TS-HO \\ﬁ \(Bom HI
\ 0
4 453 bp ' CYCI terminator
Loxp site
puUC orlgln |
Xba I Reverse PCR Smgle restriction digest ~ Xba | Loxp site
pBR322 ori
PUL rigin HO D ! ‘ - ~-PTDH3
f Xba [ . Xba | \
I Ligation —

Ampf

Ts-HO-gda-URA3
pUC ori ™~ 5490 bp

pMRI-21-TDH3-
WS2-CYC1
_HO-U KanMX — 4711 bp ]
Xba 1

Loxp Slte CYC]1 terminator
PCR

ﬁiﬂl»’—m{i@

HOD ScURA3
Xba 1
Sma 1 ‘ |
Ligation ‘
Ampr S K ~HO-U
-gda393
pUC ori- f T5-HO-gda393-
URA3-TDH3-WS2-
CYcI ScURA3
HO-D/\‘ 8103 bp
CYCI™ y
/ TDH3
wS2
HO-F PCR

HO-R

B3 WS2ESIEMHE
Fig. 3 Construction of WS2 integration box

125 #EHMA B N-70 CREALRKF
T H A LA G 11 R TR R TR AR, PR ERER B T YPD
RS Rk ih Ak, B 30 CREFA T 1G9 48 h
AT RABEVE . DO PO B IE R 2 10 mL 1Y
YPD ARG IR A 598 36 h, DARFLSR 50 2942 Fl
AR B3R T 50 mL YPD WA R 3535+ F 30 °C,
200 r/min £ PR o A& RS F5 60 W'Y, 75 A il A% okt
SIS CBER AT & BERT [R) DL B 2 B s s
KX 3 AR BATIAL

1.2.6 K BEHER B3 MSFE AR 43 ) Bk R mE
WE it [ TR Pk BYDSW2 11 BEL T V% 11 PR 1% B A% e 4 7
Pk BYDSW2* [ BT ¥% #2280 2 10 mL (% YPD W&

Bi 3 5 9% 36 h, LA 2% 3% A IR0 B A T 50
mL YPD MARKE Fe kb, 1592 OD 24 2 LA 10%
PRV B R T 3 LA R EERE, Rl P

I LR A A RS T 5 /L BHF 4R i 80 o/dL % 45 b
VLY 35 22 e E 1) W5 0T B MR 0 10 /L, S BEM 36 h
TR EE TR IR A 8 mL/h, 15 R NN 2 B — W bk
TN IR TR 80 2% 2 ¥ I 38 i F 3 4R in 5 mol/L
NaOH #8797 & B pH PRFFTE 5.5 24y, 76 R ERE &
FEREFE, AN 12 h LIRS 4 h BORERE TN OD A1 45
BEIT R AN 48 h FFUA B 12 h BUFEKEIN FAERE 775
1.2.7 =4 FAEE #9425 HUKBEW 10 mL, N
AL R 5 me/mL B84 BEIR G IR S, & 37 C
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HRBX

BEFRAA N 12 h HEAT4) 20 Wl e b 3 9% I 1R
7 U W AAE 35 W vk BRI B AR 100 min B BE
it 240 B A0 JEC BRI LR ) A R P R A S S BRI 1)
ML A 20 mL 1E 2 %¢, bR AR (5 R
A1 TR AR 15 s )5 T 7000 vmin #5010 min,
SEIFRERNZ . EEBINIE O e T ik EE
R, 76 125 B0 W 4 A R E O e 1 5 4 k1 x
HE FAEE #E47 e 4519,

1.2.8 GC-MS & #1 2= Bk 45 J5 (19 FF &b 42 L i)
EETIEC e i BF B 1 mL AT SRR, <
M 2584 . DB-5MS B4 @ i%FE (30 mx0.25
mmx0.25 wm) , #EFEE IR FAE IR 48 300 °C, THE
P B4R 80 °C, 4EFF 1 min; 2R J5 LA 2 °C/min FH
Z 100 °C;15 °C/min FHEZE 280 °C, 445 2 min; )5
Pl 30 °C/min THE Z 300 °C,44F 3 min, i .El &
TR PUGAT R DU 4% 5 FL B RE 70 eV, B U 3R R
J&H280 Cl1,

P ER5iTiE

2.1 Module I EFZRTHBE

¥ T AREI ARE2 DGA1 LROI T PXA2 3
DAL e B 6 Bk, FH B i Pk N VDB Xba T B D) 55 4IF
For KON S5 H0e — 80, WP 45 R &M AREL,
ARE2 DGAI .LROI 1 PXA2 J [H il B i i+ t
B,

FH 3 5 4 5 R ARRR , PCR 4™ 3 H A1 IO 1) g
Wk &, 30 o T PR P A Ak AR U e A 1 v PR RS
A, I B BRI PR 4 5 it R xR [ 950 A R Ui
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