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Cellulosic Lipid Fermentation by Trichosporon cutaneum and Inhibitors
Tolerance Mechanism Study

Abstrat

Microbial lipid derived from renewable biomass feedstock for the biodiesel production is
an important way to solve the shortage of oil resources. Trichosporon cutaneum, one typical
oleaginous microbe, possesses both of the capabilities of metabolism various
monosaccharides derived from lignocellulose for lipid accumulation and excellent tolerance
to lignocellulose derived inhibitors, that it is considered to be a microbial lipid production
strain using lignocellulosic biomass in biorefinery way.

Firstly, the highest potential of microbial lipid production of T. cutaneum using
lignocellulose material in biorefinery way was analyzed, and biodiesel was synthesized. The
tolerance and degradation of T. cutaneum to lignocellulose derived inhibitor were studied.
Secondly, with genome sequencing, the molecular biological mechanism of high lipid
accumulation capability and robust inhibitor tolerance was predict, central metabolism, lipid
accumulation and inhibitors degradation pathways were speculated. Thirdly, explored to
reduce the COD concentration of cellulosic ethanol fermentation wastewater by T. cutaneum
in fermentation way, and accumulate lipid simmultaneously. Moreover, the characteristics of
inulin hydrolysis enzyme, the possibility of inulin hydrolysis and consolidated microbial lipid
production by T. cutaneum using inulin were studied.

The inhibitors generated during lignocellulose process exhibit the subsequent enzyme
hydrolysis, the activity and metabolism of oleaginous microbe, that the biotransformation
could not be carry out normally. Therefore an ideal oleaginous fermenting strain should
accumulate high lipid content, and also tolerate the toxic inhibitors when lignocellulose is
used as feedstock. The maximum potential of lipid accumulation capacity of T. cutaneum
ACCC 20271 was investigated using lignocellulosic biomass in dry biorefinery way firstly.
Dry dilute acid pretreated corn stover was hydrolyzed by cellulase in different solid loading to
obtain the corn stover hydrolysate wich was rich in glucose, xylose and other fermentable
sugars. T. cutaneum ACCC 20271 exhibited excellent performance in growth and lipid
production within corn stover hydrolysate. The dry cell weight and the lipid titer of T.
cutaneum ACCC 20271 cultured in corn stover hydrolysate obtained in dry biorefinery way,
were 31.31 g/L, 8.57 g/L respectively.

Microbial inhibitor tolerance is mainly reflected in its performance of degradation
inhibitor. The tolerance, degradation potential and metabolism mechanism of T. cutaneum
ACCC 20271 to lignocellulose derived inhibitors were firstly systematically analyzed. Weak
acids, furan aldehydes and phenolic aldehydes were the major inhibitors generated during the
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pretreatment process of lignocellulose. Formic acid, acetic acid, levulinic acid, were
representative of weak aicd; furfural, 5-hydroxymethylfurfural, were representative of furan
aldehyde; and 4-hydroxybenzaldehyde, vanillin, syringaldehyde, were representative of
phenolic aldehyde. These inhibitors would inhibit various microorganisms, in the way of
inhibiting their growth and subsequent fermentation. It was found that T. cutaneum ACCC
20271 exhibited the capability of tolerance to 6 g/L of formic acid, 25 g/L of aceitic acid, 10
g/L of levulinic acid, 5 g/L of 5-hydroxymethylfurfural, 2 g/L of vanillin, 2.5 g/L of
syringaldehyde, while it was sensitive to furfural which was obviously inhibited the cell
growth in low concentration (0.5 g/L), followed by 4-hydroxybenzaldehyde (2.5 g/L). Formic
acid, acetic acid could ultimately converted by T. cutaneum ACCC 20271, furfural, HMF,
vanillin, syringaldehyde and 4-hydroxybenzaldehyde could transform into corresponding
alcohols followed by less toxic acids which were reverse transformed into low concentration
of aldehydes and corresponding acids. Vanillin and 4-hydroxybenzaldehy could be ultimately
degraded by T. cutaneum ACCC 20271. While the degradation of furfural, HMF and
syringaldehyde stop in the corresponding alcohols and acids instead of ultimate degrdation.
The lipid titer of the adapted strain T. cutaneum 277 which obtained after long term adaption
culture was 5.17 g/L in 15% freshly preteated corn stover hydrolysate, while the original
strain was only 0.15 g/L.

Based on the inhibitor metabolism expriments, the genome of T. cutaneum ACCC 20271
was sequenced on Illumina-Miseq platform to reveal the mechanism of inhibitor tolerance and
degradation. The central metabolism and lipid biosynthesis pathways were studied based on
genome annotation. The genome length of T. cutaneum ACCC 20271 was 30.45 Mb. A
number of 5704 protein-coding genes and 925 non-coding RNA genes were predicted. The
central metabolism and lipid accumulatioan pathways were speculated according to the
genome annotation. Glycolysis, tricarboxylic acid (TCA) cycle, pentose phosphate pathway
(PPP), fatty acid synthesis, phospholipids and triglyceride synthesis, p-oxidation of fatty acid,
glyoxylate cycle, were involved. The metabolic pathways of the lignocellulse derived
inhibitor bioconversion and biodetoxification in T. cutaneum ACCC 20271, which was a
representative of oleaginous yeasts, were firstly constructed based on experiment results, the
genome annotation and previous relative reports. Putative genes involved in the
biodegradation of furan aldehydes and phenolic aldehydes in T. cutaneum ACCC 20271 were
collection and compared with other three oleaginous yeasts: R. toruloides NP11, Y. lipolytica
CLIB122 and T. oleaginous ICB0246. Perhaps the rich source of alcohol dehydrogenase,
aldehyde reductase, aldehyde dehydrogenase and oxidases genes totally in 101 in T. cutaneum
ACCC 20271 was one of the reasons of high tolerance to inhibitors than these three
oleaginous yeasts.

Thirdly, the methond of reducing the chemical oxygen demand (COD) concentration of
cellulosic ethanol fermentation wastewater by oleaginous yeast in the way of fermentation
was analyzed in experient and its feasibility was assessed. The wastewater after solid-liquid
separation of the bottom discharge of rectifying column for cellulosic ethanol rectification
was containing large amount of monosaccharides, organic compounds, and high COD
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concentration of 112.41 g/L. T. cutaneum ACCC 20271, as the fermentation strain, inoculated
into the cellulosic ethanol fermentation wastewater for lipid fermentation. The COD
concentration was reduced to 53.31 g/L from 118.58 g/L after 120 h culture, and the dry cell
weight and lipid titer reached to 16.20, 2.16 g/L. The composition of microbial lipid produced
by T. cutaneum ACCC 20271 using cellulosic ethanol fermentation wastewater was similar
with vegetiable oil indicating that it could be used as raw material for biodiesel production. In
this way the microbial lipid accumulated, simultaneously the COD concention of the
wastewater was reduced 55.05%, partly achieced the target of COD reduction of cellulosic
ethanol fermentation wastewater in the way of lipid fermentation.

Furthermore, the microbial lipid production by T. cutaneum ACCC 20271 using inulin
was studied to achieve coslidated bioprocessing inulin hydrolysis and lipid fermentation. It
was found that T. cutaneum ACCC 20271 could utilize inulin directly for cell growth and
microbial lipid accumulation, which proved the existence of inulin hydrolysis enzyme in
cellular. The inulin hydrolysis enzyme of T. cutaneum ACCC 20271 was characterized in this
part. The optimal temperature and pH were analyzed. The stability of the enzyme declined
with temperature increase and in the range of 30~70 <C, while it did not obviously effected by
pH in the range of 3.5~6.5. Combined with the genome annotation, it was proposed that the
inulin hydrolysis enzyme of T. cutaneum ACCC 20271 was B-fructofuranosidase.

Conclusively, T. cutaneum ACCC 20271 possesses the capability of ultimately
degradation or transformation the inhibitors into less toxic corresponding alcohols or acids,
and lipid fermentation using monosaccharides derived from lignocellulose. The metabolism
pathway of biotransform and biodetoxification of the inhibitors was firstly speculated in
oleaginous yeast. The COD concentration of cellulosic ethanol fermentation wastewater could
be obeviously reduced by T. cutaneum ACCC 20271, and obtained certain amount of lipid for
biodiesel production. The existence of the inulin hydrolysis enzyme was important biological
basis for the consolidated bioprocessing of microbial lipid production by T. cutaneum ACCC
20271. All of the theses results will provide a basic theoretical support for the further study of
microbial lipid, genetic engineering and industrial production development by T. cutaneum.
Key words: Trichosporn cutaneun ACCC 20271; Microbial lipid; Lignocellulose; Inhibitor;
Metabolic pathways; Cellulosic ethanol fermentation wastewater; Consolidated bioprocessing
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fits 2 BOK IRAS, 1 Endomyces F1 Fusarium sp. 34 P i . 348 Sk i T B Utk o
INEE 2 A5 ), T AETRATT 25 T SRBT T T AR ARk o VB 9 B L R R 8 T I AR ) S
BRI 2 I OCTE . AR s, ROREIDT IR YRR VR G4, wId i Sl A e R R 7 v
i (B B Ak S S 15 3P
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Figure 1-2 Fatty acid methylesters (biodiesel) synthesized by transesterification from microbial lipid
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SR At S AR PSS AR R L 656.8 /AR S R 42 2562 i/, il 1 . BEAE
Yosemr= &1 B, AR IEATRHRE YD I R R B R R . IX RS D AU
TEHEMEY) A RE R H 7R &, XAMEZS AR, &5 ;A1 5 7 i,
FECE RN LK, ki 2 S 2 .

T CLHFEAR B AR 0 5 — AR R 51K TIOR3, FERN T2 THE |
FEURH —ARZE I BOR (it A 5 2 R TBY, (2 14 iy A 0 S e F) 1A L A e 66 59 114
JRA KL v 30068 i R S i 2B 7 A T B SR AR AL, BRAR A A sk IR
FAS, FERGE BIRCIR AR AR AT RS . VeSS, XTSI AR 7 RO R B R
BRI IR o P SCERIE, ARE. H . FORREFF A AL TR0 R 59 ml 4 N A
Wit A 2B P2 R o

T i 2 2 e H i = BR(TAGS) /I R, LA 5 R IR AR LRI I iR 4 4y, &
UESE AR A S A = (0 S5k, DRI T 52 B8R 22 (R D0V . AERRERBHM AL T TAGSs
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S (RS ZEE) RAR BSOS A ROiE TR PR B D 2B s & @l = H ™Y,
1-2 fiiR
1.3 A= s o 1 il 4%

F 2 2 B LR R BRI, 5 SRR R B 1 10~159%0% . i 2 i FH AR
[FTR 3 R A B i, B C18-C16 btk It fl— el e . Bk be e =2 il 4% it
A ) TR, IR A A KRBT R I IR B AR I A, Wi 1-3 s
B i g 2 fh C16-C18 1) i i R A A 1) H iolt = IR 4 ik 5 #4 PR3 A4 A J5i b BT ] 7K A
A R RR R ANV AR R R H i . VERTR R TSE Sk R R e EL R 25 R
173 2B Bl e 4 T 4 Sk AN T R g I R SR AT I 0 8 — 2 ) 4% KB e ORI 0 52 B 2 o
7, 0 Popov 1 Kumar ¥, Hollak 24181, sari 261171 vardon 2131, Na 26181 Shim £
L0, S PR AR IR 7 R o) 5 K B ot A T T J A R B T 5 O A AR, L T 7
HE N . F R R AT, AR AU AN TR 7 R () U R AT SR AN, (R
LR IR IR R, 15 BIM BIMK BRI . B AT OAT CARR RN . A ki) 2% K B ot
T e e 0 2,

CH,—O00C——(CH,),,yCH=CH(CH,),,CH;
CH—00C——(CH,),,yCH=CH(CH,),,,CH;

CH,—00C——(CH,),1CH=CH(CH,),,,CH;
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(TAG)
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Figure 1-3  Catalytic hydrogenation of lipid to alkane®?
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T P A o 2 0 5 L i 2 1 209 2R 2R, B e A W ik i
B HEA ) H AN BB 70%. S fig (microbial lipid), RR v B4 i i (single cell
oil), FEEBERE, FEBE. 5. EESREmAREM P, 4 K2 B AR A 1 2 AR i A
FELDUH I =R (TAGS) T AR E M AR ANMAE N o S AE 3 I AR 72 4E RS i it A AL
I HYE S L ARERASHER, W0 y— MR 2, EERE, AR = 0 = B
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(TAGs), S e SR AL, AT AR S A () J5okt . (R T&
RS S E e, I B EAA R . BT AR B R RS2 B 2 000, LR IR B,
FH T AT 2E i Py SRR R 0 B O TR 1T S A B BRI e A st 1271 i DL — A B N R U 4T
b B IR AEK B LA MU BRIE AT S 7R K, IR BE AT vl R FH 6 R R HURS N Bk )R
BATIREG IR, BT XU R, AT E 25 R AE AR, I DURGEE
RINAER) BH FREG 502 LA LSS o T 3E B 7R SRR R A 2 S IR aed K 3R BE K
S, AL 7 B AR A WL T PR 1 % 28 2 e AR WS A o R S A T P
BRI SR B , FH BR A B R AT VT I A P DR R BRI AR 72 A, 3 TAE S AR SR IR R g
Hopy s g M,
141 ThE

P B SR 2E 7= BB U 0 M B AE 50 AE AT st Bt 281, (R — B3 20 fHeg 70 4EAQ
A SEAL G A R A8 )2 AT . — MR E A R & R T E ) 20%
i, RO AIFRZ o e . AN B i & B K 2 4E 20~500% /)19, (H L 7F KLt
FEAAET, ATCLIE BT ) 75%H 55 5 w0 3 4R REEAS TG M SR ot B
5FR:3%, W Chlorella f&—HARMIBEIRIMEE, o HIF TolkAz = B3, [ BRAEIRAT 72 4L
T AEVIREVRIF K A B FIRHIEN SO — 4 il g = 2 IEE RN 7% Chlorella, M
Z Jj eIt 7 %F Chlorella (7. Miao 551l i 40 i TAEH AR T B T &%y 55%
[ty chlorella, LLEFAE40M (14%) HILLARE 7 4 0%, Gao S5 MR el ik A
212 2 42K 4R 9L T Chlorella yii i B AR AL 12

FAE Btal 90 4K, 35 [ E X ] A fe IF 92 % % (National Renewable Energy
Laboratory, NREL)#JEJF T “Cyclotella T.#2” FIT/E, 7EHZRFH Cyclotell 15 %
— AT 5~20%2 [A], 7 S0 2 FUBL I 4 8 55 75 5640 T H B2k ) 7 60%, 1E%= 4 KH
R SR Hof i 2 AE 40% A BB, 1990 1999 4EIE], HAEFHE T “CO, HIZEY)
[ 5 KR A e B % 0 B A SR A SR i A B R T R B R G
I N B THEE, IR SEAHE SRR AR IH S T BLAE B RHIE 2 o 55 R IO 75 2 BH O 7K
CO, B . T KIS 72 0 - BHOGAE A ME— ) Re . fEIRAG MR R, ik
6 R I 4T B e A ME I A, B 2 K52 BUBR i I PR & I SR 7R 32 il i
JEHRZAT NG G G VR R T T R I T2 R AR, A9 an 5 /I b 23 1R 47 e ok
(350, v B 0 ML 055 9 rP PR O 45 SR ST B IR 5%, RIS S8 VR 5 Dl i %0 ey g x
JE IR 5 FE 75 3R T BOR FH s A2 = AR R R R S I T A AR =
142 4

K22 A B TE 5 SRy o 2 rT RARTMAR o ER 40 B AR 77 v i 40 5 oAt v ek
VA E . K2 HAEE A T A 72 2R KRR, A B4 B A 7 3 i T 4R D AR P 5
EFA R ERIRT 3 EL R T R 2 A AR RS P S R BT AE LR B 218, Zhang 4%
10645 31— FRAZ Mk 9 4= 40 5 (Bacillus subtilis HB1310), iZEHkii IR A iiis R & &N
LB AT H (1 39.8%, ik g A R 2L 2300 M % B 2 B T 1R R 2B S o A 7 1 SR
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55 HAh I AR A MDAH B, AATDRT 2 B 1) 2 DR E WL T S RN . A s i s
SRR, WHe &l A TR ROR | a8 TR P AR TR T B T Vr 2 TRE R,
PEARE , A R B () K 4T 1 (Escherichia coli) il B 4245 7= AR M ssih, JIg i R
BEIR A S 1.28 /LM, BUARZ BB, (E2 T N EY SN &R R4 T — N

A~
h o

143 %M

FEE T EAOMAE, SR T E A 25%0L A W I IR B A I
7 (Mortierella isabellina). 1L #% 1% (Moriterella alpine). = %5 (Aspergillus terreus).
¥4 %5 JE (Dmsporangium) & . i AR 25 B A8 7= )3 i 35 208 B AT g 0 R AN e LB TR
] y-TEIhER . —-y-TERRAR . AR VUL . —F ERENIEIR . T R IE R . i
T M. isabellina 7] REURE MG, Fr LG /R Jytbe =i i 25 1 w5 3 B9 70 g 1 AR 40
A B Kikukawa 5538 8 PR TR (1977 2, mBr M. isabellina [ AS-2 1R JE A,
A 453 g o W -y -0 R R I & B B T 40.1% M4, e 250951 B BRI 4H K 1 o) il I 75
M. alpine PRI AL AT 70 Hr, RILEA K5 i DB AN A0 B AH 0%

1.4.4 R}

TR BE R s W WA, o B T e )2 (0o L ER I T 7R B i i
[ % B (Yarrowia lipolytica) « [5] £ 4 ffd ¥ £} (Rhodosporidium toruloides) . ki 41 [i% £}
(Rhodotorula glutinis). 25 {22 % £} (Candida curvata). ik ICE%EE(Lipomyces starkeyi)-
M 22 fE % B) (Trichosporon oleaginosus). & % 22 {1 £} (Trichosporon fermentans). FZ R
22 fH % Bk (Trichosporon cutaneum)® . Jii AR IR B & A K . =gl iR ESEL s, 5T
KIS TR R B A P2 i o K 22 B0 Bl B 20 70 & S AR s R AR ALL, 32224 C16. C18
BRI DTRR AL : RIR(C16:0) KRAEHAR(CL16:1). JHER(C18:1). MR (C18:2) i fif
JEER (C18:0)%%, mI{E NAEW LM A= Ik R IE kL.

FEDRIZELI 3 B4 56 1 % 5 B 1) DR 4 A BRI 2537, 845 Y. lipolytica i Ay Hdse ARt
TR BRI Y. lipolytica i fig M Sk & B AR R 42 Ol e Bl e, Liu 1005y
T —MHEE Y. lipolytica [ BEALACH TAZMI 732, D45 30— bk & 7% I 2 (76%) I B Ak
Qiao Vit it FKiE A-9 FEAGEE-CoA EMAMBEIER . ZFE-CoA HMALEERE R J — B H
TP S RS L DR BIE 7T 1 AR T 0T R R IR T AR & O AR AR R A E . DRI AT
FE T BE 1 A K 52 = g A2 72, Vongsangnak 2500 ik 5L PR A R K 2 T . lipolytica [
R, T Blazeck 25184k £ JE P U A1 22 L0 R %2 V. lipolytica 9 SR LS B
TR AR R AR A o
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Table 1-1 Comparision of microbial lipid produced by several oleaginous yeats using different carbon

source
Strain Carbon source Lipid Lipid Titer Reference
content (9/L)
Yarrowia Glucose 87.00% 39.1 [46]
lipolytica Glycerol 30.10% 1.48 [47]
Rice Bran Hydrolysate 48.02% 5.16 [48]
Molasses 30.08% 8.00 [49]
Fructose 26.20% 9.15 [50]
Inulin 48.30% 6.42
Extract of Jerusalem artichoke tuber ~ 50.60% 7.39 [51]
Wheat straw hydrolysate 4.60% 0.30 [52]
Detoxified rice bran hydrolysate 48.02% 5.16 [48]
Glycerol 43.00% 3.50 [53]
Rhodosporidium  Glucose 48.00% 72.72 [54]
toruloides Glucose 62.20% 11.20 [55]
Inulin 70.36% 14.94 [56]
Jerusalem artichoke tubers 40.00% 39.60 [57]
Crude glycerol 36.60% 7.60 [58]
Cassava starch hydrolysate 63.40% 13.95 [59]
Wheat straw hydrolysate 24.60% 2.40 [52]
Detoxified bagasse hydrolyzate 52.50% 12.30 [60]
Corn stover 36.40% 5.50 [61]
Acetic acid 48.20% 2.10 [62]
Rhodotorula Corncob hydrolysate 36.40% 5.50 [63]
glutinis Crude glycerol 36.50% 5.40 [64]
Wheat straw hydrolysate 20.70% 2.40 [52]
Trichosporon Wastewater 13.50% 1.00 [65]
dermatis Corncab hydrolysate 40.10% 9.78 [66]
Trichosporon Sweetpotato vines hydrolysate 35.60% 9.60 [67]
fermentans Detoxified rice straw hydrolysate 40.10% 11.47 [25]
Lipomyces Sweet sorghum 47.30% 5.81 [68]
starkeyi Wheat straw hydrolysate 29.10% 3.70 [52]
Potato starch wastewater 8.88% 0.23 [69]
Fishmeal wastewater 15.34% 2.70 [70]
Trichosporon Biodetoxified core stover 30.40% 3.11 [71]
cutaneum Biodetoxified core stover 3.23¢g/L / [72]
Corncob residues 32.02% 12.30 [73]
Corn stover hydrolysate 23.50% 3.10 [71]
Detoxified corncob acid hydrolysate ~ 45.4% 10.40 [74]
Corn stover hydrolysate 39.2% 7.60 [75]

Elephant grass acid hydrolysate 24.0% 5.46 [76]
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1.5.1 JRWiBRHI D& L

SR B = 2 i S T AR K B AR A IR R R 28, o S 20 1 ks i NAD s R (1
TR i U (1 DH) IR — B R (AMPY KR, EZURER = 15 0L T BT AMP i
R IR FAE AR Y AMP 7K B, 3ET 580 IDH BEvE FRR . X E 1A IE TR AE L 2R
BOIRBEENIE T, 75 ATP-Fr 5 IR 2R B (ACL) FH N A4 1 41k -CoA, H T e iR 1 4=
VI B o

LME-CoA J& AR TR & il -5 1 K e B Bk BT I e A . 3o i AR 0 A IR UG T Tt
-CoA BRAILEG(ACC), ML LT -CoA TERA —T%-CoA, X 2RI & kit M EE D
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B KA E T ACC U AN TESER B, 23 9 HT accA. accB. accC Al aceD 3 [l 4
B, ACC M B AR MR BN R A BRI W I AR I H 8 T 3L = R o gl
M EAZ AN ACC & — 2 ThAEI e L Ik, K 1% ACC BT ThaelY. e 304 i
ACC Az T Hufsirh, A o £ -CoA K& il —BE-CoA FIBLEE 1 AE K o 1 B BE4H i
R 3 R 1) ACC AT LR AR ACC I HL 45 H th 2 7 7 i 70, A 40 o I I 1 A F %
FEAERD TR R, ACC R 285 H K Z B -CoAl,

152 BEEEAEK

N —BE-CoA — ELAE A%, RIS Y — Bk -CoA: ACP WL B 74 25 % Wl 53 & PR IS i 1 2 Tl
(FAS) (B 5L 35 14 2% 11 (ACP) L1V, 4uB A i) FAS f& @+ 11 A FAS B9, A rdk
MR, HAp N TR DB 0, HEe M — B RS, T Ly i 27 b 2
[ B FAS, Bl —/ANZIhEeE A, 10 M. alpine °Y, T igE% £} R. toruloides. T. oleaginosus
LRJET IR FAS.

FAS JE i FETH Tk -CoA RAEILAEMT BRIMZE K, FAS ) ACP W JE &7 — A e 5t
W, 33 T R AR RIS 1T 5 2 B — Ik -ACP, 45 & IEAE G4 1 g I 4k LA (7 & (03 38
(920 ACP i A 3 i S R B2 -ACP SKIH 5E 2.1 . 1 5 IR L5 1 e 46 7 2 FAS 19 A 7 2
b, HAEE-ACP A Rl (KAS) AL 7 —T9E-ACP ) [E] 5 BY ZE A (1) Bk L 4 2 BB T 196 -ACP
Bl T -ACP. IXERSERR T — OB JE . WAL R, Bl 5 a7 5 — AT ZEE-CoA
I E . X — B E T, B EAHIR(C16:0)BME 2 (C18:0) 1L . )5 ACP-
TREREE BEBE A BB IITR . NS B EKBE MBI BR k& AR AR TR, Wt 75 B4k
KM MAEE S 5, X LB T P9 B R ZR R B F, 7 i A SR 37 f0 g 7 7R
RN RE .

153 H=JR(TAG) & L

FAZAYIH TAG 14 B FE4F T (40 M 2% 58 B, An 2R oA s/ A0 Py o I CREAD
MEZAEYF TAG KA B MR TR X — i RE M= R R vk g, 240
IR IR I 4% e i 7 R0 Disfe BRI TAG ktffEfcE, nlik4iMa &£ 1Rl
S,

I =8 A 5 25 BV BE L -CoA: H i -sn-3-1 IR It 56 4% 7% 1 (GPAT ) 48 A H il -3-
AR 5 15 5 -CoA TE RS LBEAR(LPA) . ZBHTE TAG A B2 H MR 2 LUK, 1R
A AERE TAG &R ER 1% (I BRERES . X2 BUNTE R KT B R/ P AR K %

LPA % £ 1:-CoA: it 2 H i -sn-3-16f iR i R i (GPAT ) it — ik, 5 534 — Nk &
-COA I 1 11 25 B A (PAYPOY . It 5 PA\ 425 I T2 Tl 1 T g 1) £ P 25 W R A A P — B 3
F¢ J T 5 -CoA: I H VR IR 22 54 7% I (DG AT) i AL 35 = AN BESE-CoA EH2 2 It H i 7 1
F, AR TAG Ff &t A7 T g M

T /N AR R — AN T A A 0 S5 S T AR T T RS VR P P R 4 A T,
I FLAE K 2 B AR I P 55 224> LA — 5 K/ IR AR /N T AR — AN K e i /AP,
B A — 5 I EREIE AL, FE IR B IMA TR FIE B2 5 TAG & it 5 i) i
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IO e e vk AR /M S B AR KR TAG & b BB B e — 25 I () il
— B H B RS (DAGAT) P, Btk o, b iR/IMASE £ — 354 24, 29, 54 kDa
JE R A1, X ER T4 R /A AR B R S DR S I B IR N
HIFETT I RA EEEH.

1.6 BAE i e A 1 R Rk

MR BT VE A ST (1) 40 Bl B M R AR AE K S R AL R R, (HHE N4
FRAT S BR USRS 7 A Y0 IR 1 T S, B B & AR RS A 7= AR ) S i T R
OV F7 0 AR AR A P2 I RAS 7598 [ TR AR O L AR A= Wik g ) R R A
FEFREN SR R R KA W, s TR, KR A 4
AN 0T A TG R 1) SRR A SR AR S A it T R T JEORMEE L[R]3 T S B B IR
(¥y78 73 F B G
1.6.1 TolkEEK

DLAAF 24 57 J5 RS AR B A 7 ORE A DA A 2 A e R B 2 OB PR AR AR 1 1)
A . BT BRKERR, MEEKNFERIEAE B, SIS RS, —HZR
HleTde R OBE TR R EZ R R . AR KRR T A LR K1 AR BN 2
— PP AR PSR T2, TERLE MR R LIRSS e EIR, R A AR A R —E A
Graas . G RIA R KA AR A - A E T E . VIR N A BEAE . 1%
BB AR R B K AL B R 5 vy, (H AR IE TR — SRR R 2% . TR, MERIEH
T TR B A0 3 A S WLR K BN T 5 TAR I 70 #4080, an ik [ 9 S B2 55 (L. starkeyi)
(691 [y 41 4 #17% £} (R. toruloides) [10% 104124
1.6.2 dERRAIEY

RS RE . SN A2 T E R DR IR A = M RE . IX SR B Hiil
Ve, TR TR, ERBSEARHE, WIAME XU, AoER. R WRESH, BTk
L - g t105 1000 | e A e F) JEURMA AR AR F S AR R 5277 . 9F HoR2 B M th
TR Z A L 7K AR T A e BRI X SR IERE, 7R AR B N B IS A RE AR
TK AR R A P 1 — 2D I iRy A PR A o BT USRS RERE G 1 40 Wb 7K AR Bl P B AR T 5
S EM S A e R E R L.

K2 (Cassava) 1EA—FHARRIED G V2 FikE, JUIRTE TR E m 7 Hb XK T AR AR
KE., FIUAREZERMAERERET—ME L. B RXEFEREE . TR0 RIAZ T
Wt R A P ) — R B JEA R . #0 R. mucilaginosa TJY15a il it 734t & BEAR 2 i
¥y, MRS 2 B 47.9% (wiw) 1%, R. toruloides 21167 ZEH7 I H R FH A 3 K 1)
AR, ARSI ERIAR] T 63.2% (wiw) P,

8 (Inuliny 2 1 B-2,1-FHFF 8 BE 10 D-WR g SA o0 T 4L R EEIR K 20 1, #EIEJR
PEAR ity DL RE A B B e — M A Rk AL . HLAE 19 40 80 AR R /B N —Fli K
WA IR KB, T 1817 44 Thomson 42 N4, sk 2 EET 3 i %
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Figure 1-5 Different types of fructans from higher plants according to the classification of Van Laere and
Van den Ende (2002): (A) 1-kestose; (B) 6-kestose; (C) neokestose; (D) bifurcose; (E) mixed type F3
fructan [*°

PR, DM A ORS00 2 AAE TR 22d, W, %
B ORIE. TR, FESRIE AR SR AR R, gt 15 Prs.
H3 o MM P2 Sk A, ANV BR A SRR Lt AR G, T HLRAG B 1T 52 22 Pl
T AEFIO, AR i R AR R OO s 2K P R A B TR I 509600,
VEHED AR A = B — Bl o] B AR I IR ATRL, 5K JaX 38 3 %k I JEURMTT 2% 32 0T, U
FE AR KA WG R R R A R 2 7= e i iR ST 1O, (R AR S i B E L
Wi i R B IEORE, RN 2 B E M A RE A R S IR B, 4 Y. lipolytica B,
R. mucilaginosa M214% . Ffr DL 556K 38 B2 40 (A Bl 2545 SRS 7K AR ) BB 4T LA
WD RI AT KB AT

FER RENEEME AT N, 5k BRI RT KA SRS . SRR & o+ W9 RIZE
B T 4 22 PG K AR SR AL AR, W et popE AT BT, AR
RO IR ZBE Y T DL S AR R, WL BRI . XA,
Aspergillus sp. 1 Kluyveromyces sp 42 5 # WL B ML 46 K i A 7= B AR 180, 490 20 Ay
F¥ WY EE(EC 2.3.1.7)F14MJIEE(EC 3.2.1.80). 1A 115640 Bh-5 56 M 2 i D9 {1 B8 i A T
T HR NI ERIR D RS 25 AR S B A AR R SR R el

T AR PR PR 2 R0 SR B R A A R P e 2 2 LRI iRt
2,3- T lte gk AU (B X SEER I A4k T B 2 SRR A AT LLE R, I B AL
RUOREK o P DAYE 56 0 Bl s DRI E R B B bk R AT 3808, T DATRT A DASR K B 3 555 5
JRAFRL G R B2 FE . RS REBE MK A0 Saccharomyces cerevisiae . K. marxianus. P.
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guilliermondii %5 [ £ B £ /K i 308 1 g #3142 1290 Wang A1 Li #F 9t & B AL BE—SUC2
RS, cerevisiae AL 5 R B Ak o SELORE MR A RE (1 L s YT, Wang ZWFR T OR.
toruloides 2F5 B Fk () 2 4 BB vS AN it g SRR R 10, M8 e 1 T A W g % 1) CBP
PO HRIRAZ BT R E KB, Trichosporon cutaneum T L B35 DL 4G ¥ Jo ik U 2 A ik
HE[lZG]O
1.6.3 AKRFLF4ER

REAgER FEBLAYE R FALERNR R = AR MEESH DER R
EAR . KAy B YRS .. WRR A 4R R REVARSFT (CEORFEFT . ZFE S
FERHE), BAEY) (PR, MRS S5 EDI LEE CHEE. FEE) BLAK
AR F s, A R G B R KA S BRI, R A R A 7 e (Y
Kl

KRBEAGEREMR CRWEFT . BRERAENE), & 35~50%4 4% . 25~30%}
L2 K 15~30% AR E, H BRRA S LA 75%2 B0, i, KRR 4ER T
AR ML YE 2 A 2 A TR B SRR . £F4EZIT D-AHFe 6] 2 A = A4 B ) 0
XHEEMFEI Z 0. AR RS R ORPE. BFTRaRE) . Ok CH M. Mz, il
PEEED R RS 7 1 22 SR AR o R JT 2R A FH A AN R AN XD 2 T 5 A3 35 i ) e ) K 23 1
BEY, WX EEE. M. GOKE. TEE. T s g peE b L
el SRR A 4R . A gEdOE I P gER . AR R SR E
RS, IEIEANEE B DA ENA . KRS FRAN i BE AL FE [ 2 4 5 (macrofibrils) «
kT 2 (microfibrils) Fl4]- 4k & JL il 2T 4 (cellulose elementary fibrils) . f24E T2 41 4k & -K i
RN TR AE R T 22 288 DU JE R B AT 4E KT RAEAE o AT 4R 204 2 Sl ik 25
R R MAEAEN, DB TA4EREEE 22 /Ny T RKEME LU N ZE 1B 22 N 8.
oo 2Pt S A B AR RS X, B G X P, Emi s TR A RN =
RAEN FEALERZAE T K. SAEGIXA L, L7220 G A 4 44 DX 38 1) 7T A= 9 [ i 1k o
%o MR EARIER FAYERBE ST LT BV B v 2 APl AT K
3 B A, e f Y KRBENLI. AESEE I H AT S 8E, 5 TR K o L Bk
PRI, KRR NARR AR FERE = KBRS, mTHEER ST 55 &
ZEN, LA R W A R PSR A A A M R e A R 4y, — AT AR
JRE S B, Ak B AR e R KT R AR R 2R L R
HAEd, KRFERIEAR ERABRYERAR, VIRRAAT KRB MESITA4ER O
BE Tk, R R fe 26 B A RE AR NIARHMEH o FEL8f ey B-I & Rk f
AR 2 ARS8 10 S e v, B BERS AT ) LA AR LR R I A . AE
SEH TR (R U0 AR B FH T T R I AR R AT 457 B 18] A7 3T JF 55 A A4,

1.7 ARJRAF4E Z A g BB PR BR
1.7.1 KRJFEF 4 10 Tk 3
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TR 224 25 JERE A P AR D R KA 0 N BA R = AP 3R AW R TIA B 27 2 X
fift G R B o TRAL B AR W I AR R OGP IR, TR 0 B R R T AR 4R R 1)
BURAETTIT, MAOEAEN AR R, TR YRR 145 & 1 = Hora i
B, DIE T 5 S 0 B AR S AR Ak 2m TN s D T B A A B T Ak B RN A 2
TAb %

VIBRTRAL BRI T R B, B . AL RS, DABINILERImAR . PRAROR R 41
95 SR B R4 R /INDARL, R IR T DA BRAR JEURE AR SR A B L T . — MR R A T 4k
7 5 HAM A LSS G . P A TR T 3 e B B
PRTRIA B 25 22 b AL B 75 5o R T A BEE 19) = S0 P Ao vl s M 2 1 4 3% B i 45 4 4
FREGHCR, MY T 54 KBk W R TRAL B3I F8 oh T B R VA R m N 72 AR
KELRIK, I H 7 @ [E 5 B A B 5 2 S0 iy [8 & B AR, ASESE 0 AR,
1M1 Hag Rl 7 A SRR IR R . FE T, T UM R TlAk FE R RS T A, K BE I b 7K
&, NS S EAR AR R R S e Sl . T MR AL B R R OKFE AT 7E
0.25% (VIV)FETRER . 185°C 4 Mtk R4 3 min, 4 E AR AT 84.77%), b5
Fy e I B K RS AT 16 R WAL A B v 2 BT 3k 71.40 g/, B2 el Ik
A o B KA A s, TR R AL BE LR T A e R R R I iR,
IS T 22 Tl A J5R 2T 2 2526 0 5 0 k1 e 1140 1470 S i [ 5 T A i YR 256 =2 (National
Renewable Research Laboratory in the USA, NREL) & T & 7 T 20 B AL 2 i ok it
W, RERATACEE 1t TOKAEFF, HEaabE 15 d 9,
1.7.2 ARJSEFYE 22 RURH0 T4 BT BB R A ) () F L A

AR 52 2 SRR A1 4 2 7 FAL B v 2 £ o 2 RN BAS R R B, Al 1-6 TR
FOE A P R ol 3 2 52 AR R S FE AR . LR FHALH a1 1-7 Fizs « HMIF 900 52 it S
(ADH). 74 B % it S0 (PDH) A8 it S0 (ALDH),  HL A2 10 1) B e o R (g /i
K7D BEEEFN HMF — 8, Rt 2 A0 A o] b 20 il 5 iR . 55 R ) BR AR 75 ZE M FE ATP
FEAME 05 T LR IS . B Ak & AR I I F AR A MRS B R 8 i B 1) 5 M 55
1.7.2.1  WRIREE

BT . HMF J2 AR5 21 4 22 TRAG 38 7= 4 vh d o DL AR 440, 40 Sl SR T IR A R
0P 1-5 Fif s o RS A HIMIF 300 861 PR 40 P 16 25 K 5 B AL I IS M 4 1 o B g J e B 10
VOl IR A EE T, S. cerevisiae %%, Zymomonas mobilis *Y. Amorphotheca resinae [**2
AT LRORRIE . HMF S5 A0 Bl A 5-52 PR RIS, JFREsE— P AL HRIR . 2,5-PK M — 32
. B (P4 R 5 H 7 NADH AH3S, 1 HMF [R5 NADPH A5, Banerjee
At USRI T R ot B IR AR PO ST O o S X R 1) B AR
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Figure 1-6 Schematic representation of lignocellulose derived inhibitors generation *°]

1.7.22 AHLIIER

R LR LI A R A A o 41 4 25 /K AR e o DL ) S PRSP« LFR 2 AE
SRR QB IE SN AR R (B 1-6). 11 R A 4 AR /& HMF 2R =), 59
PR 24t A0 M R A o IR B 1K) 55 R PT A 2 i o e N L, 55 RO Al A 4 A A FR A o
1E 2 T30\ B P9 1 59 R B S B TS0 98 ke py g R e pH {8 15 59 1R AR S O A 3L
pHISOL, [ i A A R 55 T 55 BRI RO LAR « AR S B P B T i SRR, SR R S SN
N pH A, BRI LAY FE ATP AR K ML 9 5 28 N I A LA AR 1 pHIY, B A4
EEAANG ATP KRR A RasE (1 pHIA, BT 2R 5 pH 2 IR R, HAh
B A LA AT pH, B ES T B

Gong £ 3 Mg 1% 1525 i B2 5k 5 (Cryptococcus curvatus) i] L B 326 2 fe 4k
TG, R R TR TR A T 2k B 73.4%, T 3 L K BAHE K R B R B AR ST RN 49.9%.
Zhang Z MO 5t 2% B 76 2 4 B 55 R L A8 I 28R 2 BRAK R. glutinis [ B K, TR
KRBEEEFR BRI RN A2 LI
1.723 MELEY

TRALFE I FE HP R 5T 3R AN AT a8 o Mo O ARG B A, AR RN T AL S,
Kl 1-6 Fro~. ByRAE YR & B R A R R R R JUE R, T A BRI A
WIAH R 52 4T S 30, L7 4R 5 45 A AR TR 210 H AU S 9 BRI R D AN R DL, e
FERFE(H) B AR B (C)FI T &5 (S) & M BOR i 31 1) 3 Mg Il 55 R AA ) i, 42T
REFEJE AT 50 B AR TS B . A-FRSEIE I . T RIS, WK 1-8 Pl

MY 24L& W 2 B OR 40 B 1) 5 B 10T, 9 FL/N G T IO Ak A vk o RO, gy
Tz REE., EELE, MALERIHINELE A EE. A HcAEAD
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(ORI 508 PR T SR AN A et £ R BRI A0 £ FRLDLY, 0 Gu 09Nk 50 R B
LBER WK Z. mobilis ZM4 TER IR B E T, AR SN A i 2208 28 6 T2 ) LA 4 i ) 3
B B B

' Membrane -
o q disruption
Wﬂi r f ( ) pm? #
‘W”;f@ L M““""”}fﬁjﬁ%‘mﬁrﬁ
"\ s 4 “dy,
\\L ﬁ’? ApH -0 H "4
K‘ﬁ i v Enzyme Inhibition:
& s\’ﬁ‘ Cellular #
m\ Q‘L t el o
\\1 : o lsm R R nagA, cyns,
o Ho -°
|

! ‘\
/ /////

galM, garL
@J Various effects on
\j R metabolism
Furfural-DNA: '\Q/' bUndetermined

Single-strand breaks hydrophobic targets

B 17 HEPfE AL R R

Figure 1-7 Schematic representation of a presumed inhibition mechanism of inhibitors™"®

Polymer Polymer Polymer
OCH;3 H;CO OCH;4
p-hydroxyphenyl (H) guaiacyl (G) syringyl (S)
residue in lignin residue in lignin residue in lignin

K 1-8 MWBRAREN=LKEMEST: WREXEH). SUABEGMTHEES) ™
R: AT g ]
Figure 1-8 Three main phenol building blocks in lignin: phydroxyphenyl (H), guaiacyl (G) and syringyl
(S) [166]
R: different functional group

1.7.3  KJoT 454 2 SR U 0 49 1) it 75

P 0 DA B S | DR} B R 28 % Tiitdh 37 =k e 1Y Fﬁ%ﬁﬁ%fﬁﬁfﬂﬂ%ﬂ?}#_fﬁ)ﬂ
AR5 AT 4 25 435 R R O TR TRk B ade FH IR A A FUAL BR A& 3047 o BRIE 2 ANEH 7T
A2 . BRI AR 0 0 7 00 T A B I P SRR B A AR 4T i B LT

ot AR AL 2 I B A B LR T, R R AR R pH 2 N TR R
Tk 2271, BLZE 1945 4F Leonard I Hajony st4f i 7 i i it o Ao Hﬁﬁﬁﬂﬁﬁff\*fﬁéﬁ’&
ZKARV R A IO, S R W Bt kAR P bR AL S B R . BRI A
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R TR E T SRR R T 8 R A2 i agik T, fos s g el
TR IO L L PR D EE B . (ER X SRR T T AR KB R K T A L sk
bR ME . AV ER R il (A e B A AR R R ) e
fAto ILAALAIAG . BB LA S A 1 A 5 T B I R R B0 Bk
T8 B VIR B M AN g D018 g8 18] g pglise. 18712 4 Amorphotheca
resinae ZN1 ZEANTHFEH &0 1500 T, DA 28 1 75 1 07 200 04k B2 ) AR B 214 22 SR ) b
1) 22 A k) 1 5 4 P A B A 9IRS OB B R, JF HLRL R PRI . ol B /K 1 L I 55
At s 1100 1880 B LS it 2 7 3L A% AR SR R v B A5 R SR 3
1.7.4  AWBRbI A RE Y e

M A EAE & FHBLR BT 4E R AW B R R R AR 7 AR e A it o JRORE S R AE P o]
CR341 ) PR A 5 D A 7 B A SR A v B A 2 i R 2 T O 8 K LA
HER o TR — 00T i IR B R F R T 41 4 1 S5k AE P s ik, 51 T3k 141
Hio HorboY. lipolytica A FH A 25 KRR RS (v 36l i 3 48.02961%1, ok T.
dermatis COVZEARIR I I TR AS K AR . T. fermentans MOV i 25 FE AT 7K A8 8 1) 6
IR I N 40.1%. 5 G s FRIEM L, 70 AR £F 4 2 /K i 2t 47 il g R T 1
P& R BAR A, bLln, R. toruloides Y4 7£ & s JR b & i % 51.8%, 17E
FRAEFT KA 2 i AR 36.4%!%Y . F T SCHIRARE rh A SR 274 2K AR e s
i 61%, K H 96 VEFLI T R. toruloides Y-1091 | F 3 KRS FT 7K AR 14 2 1% &% SR12891,
BORZA OIS T Rm B A e &, H RS SEBR A N B BRI EE S .

I IR R BE . LR AE A AR it R A A AE AR 2, (HREIERIHAR
5T 4 2 JEURE A 7 A i g PRI 08 R 1 e 2 172 190 39U g oA R T 44 25 SR AT )
WP Sk AR R V22 WIF T S T IR ot T B M 1 ) (00 104 292,1931 4
H T REE A 20 52« B s R = L. H AT ) i/ 455 € [ il . AR
15 IUIE 5 T V2 T B8 SRS R B A5 2 4 25 AR ot SRR I Ak AR 7= el T 1) A I TR
(Rl MR RATZ AT AOWE S 45 8, 5 Rhodotorula glutinis. Rhodosporidium
toruloides. Lipomyces starkeyi %5 2 P& i3 B BEAH LE , HZ IR 22 481 [ £E (Trichosporon cutaneum)
FIUHAR R A st 22 fe, 6 S B AT 78 AR 25 4 20 R b AR KRR sl 199,
7 H. Huang £ \S2BL T T. cutaneum i FH A5 2T 4 20K AL 7l ASUO) Liu 25 A PR 403R
Fi 1 T. cutaneum F AR BT 414k 2= J5 R E WA R IR HiE B mTAT M, B 7045 SRR W 50 L
A R B b g Py 3.23 o/LI. Gao £ A HIHE 4T T. cutaneum 7E K AR BRI 1 43
SRR Wb R B A 12.3 gL 1,

1.8 H2HT

/5 JE & W i (High-throughput sequencing) t1 #% & 28 — A% Ml /& (next-generation
sequencing) 1% 71 H 5 54 1llumina Solexa. Hiseq. Miseq. Roche/454 25, 4x3E[K]
ZELON P IF  BEATL AT Bl e 1 6 8 201 2 J o Sk T B S AE — i B8 AR contig
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scaffold B & Gutifh. FRaFERIAN AN, &l El L AT 28 908, Wi
%E§z§,r$[198, 199]‘ /J\ RNA [200, 201]\ mMRNA tl%‘:,rﬁiﬁ}ljﬁﬂi[ZOZ, 203]%0
1.8.1 @ SN AE I AR S AR Pt 5 vh ) S

e I E I AR AR T AT R R RO R A D o B H AT R AU F LR T
R T AR N . 2004 4 Bernard fikiE | Yarrowia lipolytica HIZEFIZHAE &, 2 )5
il 85 1) S LR IR A A 4 i e i 1 6T, = C. albidus NT2002 2%, M. alpine 32222
P R. glutinis ATCC 204091 P14 7hu & At R. toruloides NP11 MJERIAH . #5540 J%
B AR5 2 AT T 04, R T R. toruloides NP1 ()3 AE Z AL, it BR 4
AT s R E A AT R B, e R S BN EMIES A R TR
155 200 M W 5 A e e R AR OGP0 IR BR A R B S AL A0 A A, Kourist 25 i
WS T T. oleaginosus CLIB122 i a2t #2207,
1.8.2 @S FEMHIPACETE 7T )

bt v BT R R RS, CARIE T TR AR P B R CE D I A e T i i sk
A0 M. 2013 4E, Ries 25 A& T Trichoderma reesei 75 /N3 % AT 35 77 4 1 1 i 54
KA T 5 Aspergillus nige #EAT EEXS, PRIRR B AN [F] 5302 T. reesei 21 oA [ fig 1 AH O¢
BE 3 1R, M IR0 Al U A8 R o AR /I M i 5 5 R 08 (3 3R ik B PP8, e s A A
R IR T R A DR R R M S e /AL N o0 M) g b5 BE TR Cbei_3974 . Chei_3904 5
Clostridium beijerinckii (I s FAR B2 it 52 PR A 51209, A sizidy =2 th L8 2 i 7 M1 - HMIF
18 Amorphotheca resinae ZN1 52 & @y i T Zymomonas mobilis ZM4 2100y 4 55
LorAT, PHERIAR 3 R RN 38 A W I e . AR L 5

1.9 AW EEFTANE

T3 g T A SR A S 2 = Ok, A PR ) R R ) AR B 2 — S e
AEFERAS . G SERETT AOET B AT A Y A R T AR AR R B B R BRI R, HOIR 22 F
BE(Trichosporon cutaneum ACCC 20271) & Re s ACU 2 MR 5 2 I 22 (00 3 I8 19 BE B A%
AR IR R PR LA R . AR BREF 4 R A N F AR AP i AT AR JFORNL 4F
KR AE DR ERAR B SR AR . FEZ ATRIBE S ORI T, cutaneum B R R AF 4 5%
AP p AT IR BARIIEE JT, R R AR BT 2R 4E R RIFE I 2 68 J1. (HXF T T
cutaneum FJ FH TR FEFF K A AR P 1 AR M0 i IR 1) S I8 e, XTI 0 RN 52 o PR A A
T e FE PN I SZ LA T . Ik, XFT T. cutaneum AbFREF 4k 2 2.1 KR /K
RT AT, R SR AR AR ISR AR 178 i o 75 a8 1 38 30 uE 4 . F3UX, T, cutaneum A
DLUE 3R 2 R 3347 AR . AR S AR P2 TG /e TRUK AR &5 0 3R, H2 21 B R 9 1 o5 H 7K
it (P45 J2 S L BB A D T 2 K A P A A g PR AT AT MR A AT I S AR

ARG LR LA R, FEF AR LT LA

(1) DAARJREF 42 N R E P2 e i R, 251 & A 52 H AT AR SRR fe
H— A FE RS T. cutaneum ACCC 20271 ELA B (1 40k Wif 52 J B fe v e % 22
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T TR AE K G A = A 03 g 1) B KT e - 43 A T. cutaneum ACCC 20271 i L7
AR A4 ZORIEANH Y (WRIG2E: BERE . 52 F RS 591R2E: HIR. 4R, LBERTR;
My FwEEE, TR, 4-REKHE) W2 % R AR .

(2) ETsLsetr . ERAETRE R SCHESEHEN T. cutaneum ACCC 20271
A AT 4 2 R IR L R I P AR R R, BRI R R EE R, JFE R
toruloides. Y. lipolytica. T. oleaginosus — ki g F BEEAT LU X 4087, IR R KPR 7T
T. cutaneum ACCC 20271 =M #iit 52 PE AL .

(3) 03 J TR A 1 S s, AR ERIZKSP 23 A G v 2 S R LA, A RO
AR 12, BgEH OCERE 2OF 5 e = Mk s R il B B2 £F(R. toruloides. Y. lipolytica.
T. oleaginosus) 47 Xt L4347

(4) JE Al K H Ak 2 7 A (COD) R B2 A2 4K, SKiFAh T. cutaneum ACCC 20271
Sb PR 2 R IR K B AT AT M o 20 B AN TR RE 97 25 A% T. cutaneum ACCC 20271 4b B & 7K K
Hom g BRI . LR BT T. cutaneum ACCC 20271 (R /K AL PR AE

(5) NHELFISLEL T. cutaneum ACCC 20271 FI %58 B AE P e A 7=, o ir Ho g
K K A IR i 2 R v S AR P R SRR B R, BT B . 1 S SR KRB I
MG, TIRE DR EAEE . SHERBEENEIERE . pH HULSH
B0 H AR PR B W A B R AR 8 R 1) S A T R TS B R AR T o R 2 B T B
#EfZ (Sephadex G-100)Zii4k15 2 4L 1 %583 /K il . L4k T. cutaneum ACCC 20271 F|H %
A A IR B A, LTS B S R iR e =
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B2TF RRLHEEF AR HERERE i EmAE

21 5=

AW S D e L R R T O () RT FAR BT REVR 2 B 2 0% . H AT ZEA S B A
FABIHE I R A 72, 3 2 PR B A A i B IR A B KR R 32—, BT BAF- SR
AR BRAN A RLR B ARG S R TR, GnvEdn « RENESE, FRARAR AP R e A 77 1A R
KIBLEDAT. NZTHLGEEHZRE, EN A BRI R4 R EDR, E4Y)
REVR A KRR e A 25 R AR B AL, 52 308 Z R TAEH H bR 2 20 )L +48
BT A TR T BIE TR ET ¢ 2R YR PR I M X 2 T A T R A g 109, 20T 2L
2120t ek IR P R A K S A RO D

TR et 0 A T 52 A TR AR TR R ), B S D D T ok ol 0140 (O T 32 i T B R A
[Ff. N, 4.8 g/L i Z R /N #k Saccharomyces J& 2. 1% ki B 5 T ok (1 40 i A K 2 B
A WY A FHERY, T 40 o/l 2 BE B2 B C. curvatus SRYFAEIRA 2 AR ] B
MBS, B BRI AT 1 e PR % R DR P2 W g2 . 5 410 Huang 45
I, AR IR ) R 2 R KA R K AR R I A JE AR K R 3E T T cutaneum
(A K R R Y, ARSI B AT IR S T 2R 2 REI B 2, BRI R
BEA BB ARET W17 B8 TR o 3 2 EoR A, 151X L kA B s
B IS PR ALY, B LA SR 0T AT 10 it 2 7 X S v 3 A0 i 52 TR 1 o 2T 4 3 i T
A AE 2 ) S

IR T. cutaneum ASERT R 22 F00E , AT ATRE ACRE 27 4E s FLpEAES 2,
ST TR 52 2 Fh A SR 2T 4 2 RIS B ™), (ol HL Rl £ W6 1A £ 4 25 it i R T 2677 B R
YEARAE T. cutaneum AT A F TR FEAT KA. FoREsR K. Fokm
LR 4R RV =AY AR . E2 5T T. cutaneum FIFHAR I 45 4 5 5 R AE 7= il
A=Wyt N ) B KT e L AR A i 52 % e A e S5 8 2 AR T 1Y) A TIE A 482 Amorphotheca
resinae ZN1 FIRUZEIIEE, HASMRA . TolER/K ANTHFER A . BRAE MR S50 o5
T3 FRCAI AR SR T 44 2 A 0 5% T A 0 i 2 1 B A8 7 (T

A FE 5T T. cutaneum ACCC 20271 fEAR A4 = A R T RIAERK. AR R, 0
IV 52 5 (AL . B 254878 T T. cutaneum ACCC 20271 FJ FH T K AE FT /K Ml A 77 1
R e I S: (D) 20 #F T. cutaneum ACCC 20271 18 A i 75 5 i 35 1 £ KRS AT /K
R I R T T ROR BB KRR R R D IR AR R s (O AR AR B B A
MG AR, FER AR E AT 0 (3) JEHL) \Fh BB [ AR 7 £ 4 2 SR JR AT
H¥), RS04 T. cutaneum ACCC 20271 7EHMHI PIAFLERT A By Bg A= r= 1t g, 4K
UE PP FORH I B i 52 B8 775 () A3 e B — g IR FE A | AR e — B, A T
cutaneum ACCC 20271 X At 4101 l| 47 1) P38 gk 58 0, I Mot 00 HC A e 7 0 ¥4 A2 il o AN 22 7 T
Z MBS AT T. cutaneum ACCC 20271 7E KRG AR K M b i A= S it g RARTE Re
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2.2 SEIHRL

221 JEMPRE

FARFEAT T 2012 SR EE i) i 4 MRS R A5 21 . R JE RS AT 1 S TR R AL

(SF-300, FigRIREBRNEAIRA R MIEFFE 10 mm FLATHERIT . ¥ 5 MAEF &

IKPERR A%, HT 105°C R T EEE. IR & /KERN 7% (Wiw). EFHD
WK A2 2TV s REFT rpr 7 4 6 L R 4T 4 30 RT3 BK 93 45 a3 N 38.72%..20.55%
26.51%. 2.76% (W/w).
2.2.2 TEM R IRHE

kA= it e A 2 B R N BOIR 22 % B (Trichosporon cutaneum ACCC 20271), iy H
el B A Y B Rk R B B b0 (Agricultural  Culture  Collection of China,
http://www.accc.org.cn/) . [F] 5 1% B ik 1 OR A7 T 7 Hh 5 87 38 o 2 0 v PR O s 8 B 0
(China General Microbiological Culture Collection Center, http://www.cgmcc.net/), {rjiEs
N CGMCC 2.1374.,

T KA FF T Ak B S5 1 A2 490 i 55 B R R IR B AL 22 (Amorphotheca. resinae ZN1) & HH A
SR =8 T 0645 B — M R B A T, T o [ A ) TR R DR B O TR
%59 CGMCC 7452, A.resinae ZN1 Btk 7E PDA K572kt 28°C N B 7.

YPD K 773E: 4T 20 g/L, EERHEEYI(YE) 10 g/L, & A 20 g/L (B fiE 15 g/L).

PDA }:7r%E: 200 g/L 59, 20 o/L #iZ&BE. 15 g/L BiflE, 115°C KB 20 min.

2.3 SEIGTTVR

231 FpFEEE

M AR YPD 5% 772 5 rh PREC A B 74 257 20 mL YPD 575311 100 mL =i 1,30°C.
180 rpm 5 7% 24 ho RGN SEARFIN 60% H TR 51 L BIRAAE H, AP A R
JET-80°CURFaH IRAF. HL— R ERBE M H AR 2 20 mL YPD #5572 30°C. 180
rpm iEALEE R 12 h, L 10% (vIv)EEFh S BN 2 YPD Be ekt K337 24 h,
VERIPh 5 IR DL 10% 5P & He ol 25 A0 I & 1) R e 5 77 4
2.3.2  EOKAEA B TiAL 2

BT R RS I FORAE T 5 R B R VA T (2.5%, wilw) VR &35 57 [i] B 8 15 [ 8 L
Z 2:1 (wiw), IINTRACHE S 37 2% v EH L 2, AR, TP TR RN . SR E A
B 175 CJEHUGTHR, 5 min JEE5 R TALE B, IR R MR RE A N R ok, )
BRI IR R 4 2 5 R 5 58 NSRS It T 4°CUKAE I A& . TRALE G i £ K RS AT 4
SRR e P10 2, e g L AT YER L KA IS B4 N 39.47%. 6.80% . 6.57%
(Wiw) o TRAL 3R 5 T RFEFTRL R 64 5 43 B2 2 40 5l (mglg AL 3 5 FOKRAE#T- )
FEEE 5.13. 5-F2 LM X (HMF) 3.38. HIfiR 1.97. 4R 16.65. LBENFR 2.54. FHHE
1.27. T &M 0.67. 4-FZFAHEE 0.18.
2.3.3  TAHE G KA R 2E W 2
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it 75 B Mk 6B ff B Amorphotheca resinae ZN1 $:Fh 2 YPD #5555, 28°C 1
FRFERHEIR 4d 5, LGB ACK A ER MG TR, A RN BiEE Rl

FHAL R 5 T K AE AT (02 P 25 1 AR Zhang £5(2010) 88 77 13647 . ] 20% (wiv)
(K] Ca(OH), A5 AL FE i K AEFF ) pH % 5.0~5.5 2 6], FF4EH A. resinae ZN1 ¥ i 7%
P, 28°C T35 7% 5 do WLEE G Yk 3 M2 53 Je & & 5 5l (malg T 19 TR FEHT):
WEfE 1.33.HMF 1.43. 2 057.2FR 8.58.ZBEAIL 2.23. FH s 0.62. ] &fE 0.48.
A-F2FLOR I 0.08.

234 T ARFEF AN E

FORFERT rh 2R 4k 32 5 2 20 4k 2 250 0 e , A3 56 18 ) P A g RSB0 = (NREL) P AP R
fi# 713 (TP-510-42618) 347 2 281,

235  LFYEE M MOK AR %

AT FEH i I A 4 R B9 U R #6 A4 R, T H LR R A R AR Glim A
AT, #¥E NREL(National Renewable Energy Laboratory) =2 = 73 12 F7 (Laboratory
Analytical Procedure, LAP) LAP-006 [f1 /7529, Jukl /R#6 21 4k 250 (1 I8 4R B 5 N
63.0 FPU/g, fi# Ghose (1987) 177 1122000 5 27 4 — WIS /v 102.0 21 4k — Bl S
HLA7(CBU)/g.

TKFATAHULE )G, B A. resinae ZN1 Wi & )5, 785 L ZEW w28 b il 4%
KRR . AHERBEH RN 15 FPU/g DM (T8l BEf# %1% 50°C. 150 rpm, FH 5 M
NaOH %5 pH 7£ 4.8, /K 72 h J545 3. 10,000 X g B5.0» 10 min J&, RN R KAEFT
IKAR . 115°CKER 20 min JG#&H o 48309 Bt H FOKRREF KR4 HPLC e 20 47,
LERNE 2-1. BEESETE, KPR, MEIREZS T E, &K
0 R VR B2 v T R LB AR AR I, AE R AHEIR FEAR I . X2t T7EILE i F2 A resinae
ZNL R T B KAEAT o — B AR,

2.3.6 AV G K

T. cutaneum ACCC 20271 | F T KFE A /K i v A= Mt s R B s 3 AE 3 L AW I
Rigg CEMWORMED RS TEARAED W7, 1 L TAEER. EMER 10% (Vv),
B¢ 100 mL T. cutaneum ACCC 20271 FFiliiE N & 1 L B KRAEFF KM 3 L &GEW
FANRINE FEER: 0.5 g/L MgSO47H20. 1.0 g/ KH,PO4.0.22 g/L (NH4)2S04 #1 0.5 g/L YE.
MG R BAIRE N 30°C, pH #%HH7E 5.0, I &~ 100 L/h (B 1.67 vwm), #iiHE#EE A 600
rpm, DME &R EER R i EOK R T 50%.
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R 2-1 P ERFEFTKERAD

Table 2-1 Compositon of corn stover hydrolyzate used

Solids contents Glucose Xylose Furfural HMF Aceticacid  Vanillin Syringal- 4-hydroxybenzaldeh
(W/w) (gL) (g/L) (gL) (gL) (g/L) (gL dehyde (/L)  yde (g/L)

Freshly pretreated corn stover

15% 54.83 25.31 0.22 0.27 4.36 0.20 0.16 0.01

20% 80.44 34.03 0.53 0.51 4.58 0.24 0.17 0.01

25% 88.76 43.83 0.65 0.55 5.83 0.19 0.13 0.01

Pretreated and biodetoxified corn stover

15% 62.22 11.20 0.06 0.09 1.45 0.00 0.04 0.00

20% 81.84 19.11 0.18 0.25 3.00 0.00 0.05 0.00

25% 104.02 24.61 0.20 0.40 3.93 0.03 0.04 0.00

30% 121.44 33.26 0.20 0.57 5.39 0.20 0.04 0.04
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237 AT E RN E

HX 30 mL & EZ#, 10,000 rpm 250 5 min 352 LB, FH/KPEEMMITsE 2 Ik, S8
J& F 6 mL 7KK 4R BT B 8% 21 e, 80°C T2 4H 5, 22 H kIS H 40 i T F (DCW) .
Fl 6 mL 4 M HCI 4 iR B ARR B #5522 50 mL 08, /K36 10 min, Jfir
ZIEFUK A1 10 min, DA RFA0A . I 20 mL & 05 HEE(2:1, viv)iEW, AE
X5 30°C . 180 rpm &3 1 h, ZEHUHIEA - 10,000 rpm &0 5 min SR & 77 )=
JE R VEST 8% R RS A e S B R . 80°C R iek A RK E M ERE,
W R e /E SO CH APt TR EE G, ZEiEiHEmRNE.

2.3.8 M5 R MR 4H 4 D 2

PR HCEI MR 22 5 mL 0.5 M 1) KOH-HEEIE W E T =M ke, 50 CRIGHR IR
B 1~2 h, F i se A RS NN 4 mL = Js A0 I - B B V30042 10, viv), SEAT BR Ak SO,
291 hJEHH . FEAREIEIMNS mL IECkE R, A 2 mL RSN
1000>g &0 5 min, HUEJZSANRNIER FER 00 IE Okt )2, 8 S il - i % A
(GC-MS)illE fE iR 45y . GC-MS 2% #EFF IR 280°C: HFEE 04 pL: OikAE
Agilent 19091J-433 (30 mx250 umx0.25 pum); Z3i: A 1=20:1; KIGE TR
WMZ& (flame-ionization detector, FID), fudl#8iRAEE 120°C; #HS A, WiiE 1 mL/min;
THEFER A: 80°CHRHR 3 min; DL 16°C/min THE £ %] 280°C, f#i#F 8 min. T R4 N
NIST MS Search 2.0.

2.3.9  FkIPri 52 K B AR A

T. cutaneum ACCC 20271 Fi| Wi 52 14 2 W o0 76 & i R B b b A7 . & g 77
$£:60 g/L i &iBE.0.5g/L YE.0.22 g/L (NH4)2S04.0.5 g/L MgSO,47H,0.1.0 g/L KH2POy,
FEo3 A AN [R) R B2 B H04 , DAASES AT [ A0 P A ot B 4H . pH 5.0, 30°C. 180
rpm, ¥53% 120 h JEE AT E LS &, DASRIE @ 52 0 S k. kP 52
PE TSI IR IR FE I R, BEB%(g/L): 0.5, 1.0, 1.5, 2.0, 2.5; HMF (g/L): 1. 2.
3. 4. 5; HHE(g/L): 0.4, 0.8, 1.2, 1.6, 2.0; ] &FM(g/L): 0.5, 1.0, 1.5, 2.0, 2.5;
A-$2FETEFEE(Q/L): 05, 1.0, 1.5. 2.0. 2.5; HIEZ(g/L): 1. 2. 3. 4. 6; ZFR(g/L):
5.0. 10.0. 15.0. 20.0. 25.0; ZMEAER(g/L): 5.0. 10.0. 15.0. 20.0. 25.0.

T B e o3 AT A2 AE LA A0 e — BV IR % At N EAT 10, K6 il IR v (0 A
WL, BDCHE A R 9R%E: 0.5 g/l YE. 0.22 g/L (NH4)2SO4. 0.5 g/L MgSO47H,0.
1.0 g/L KH,PO4o FRUSIN—5E W LI B — 07 H: 1.0 o/L Bk 3.0 g/L HMF. 2.0 g/L 7
Fifg, 259/l TEB. 109/l 4-FIEFKHRE, 3.00/L FER. 159/L LFR. 10 g/L LA
% o ¥ Fh¥-¥ 10,000>g BS5.0r 5 min 25 FiF, W INSEAARFR ) 0 B AR 40 i B B S AR T
WM E PR ICRES B IR % d . pH 5.0, 30°C. 180 rpm &1 T 15 9% T. cutaneum ACCC
20271, R — BT [A] BRURE 0 5 20 B A= A1 0 FEAS I35 % 00 040 0 47 B FEAR U =4 1)
WESE
2.3.10 RGBS (HPLC) 53 Ht
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KRR AR . ARRE. IR, ZFR. ZBENIR. MEEE. HMF il HPLC &%
Hro HPLC fitA H A By A 7] RID-10A /s Z 7 Jekaill 4%, i+t : Bio-Rad HPX-87H (300
mmx7.8 mm). JisFHA 0.005 M H,SO4, ¥ii# 0.6 mL/min, A 65°C, 20 uL #FEE
FEf 4 13,000>g B9 5 min, B E A%, 0.22 um JE I8 5 #E 1T Rl 4047

5 P AR 2 B Hp R g 28 K W SR AL A Pl ad HPLC B &y Ar. HARE A A
SPD-20A ! UV/Vis fa il #5#) HPLC, i%4: Ny YMC-Pack ODS-A (150 mm>4.6 mm),
FEIR 35°C o BRME. WREE . BRIR 70 B RS AH 2 50% (VIV) S Iig I G -/K VI, R 1.0
mL/min, Arill# K 220 nm. HMF. 5-%2 UL HREE . 5-%2 FHERR IR (1) 970 Sh AH il 467K (A)
M ZHE(B), & 0.6 mL/min, £6EHEN: 0~15 min ZFEWRE i 5%t = % 100%, 15~20
min ZJEWE 1 100%F4 K ZE 5%, 20~30 min Z 5K ERERE 5%AEE . fill gk K A
230 nm. FHEEE., FEE. FEE. THE. TRHEE. THR. 475 RHRE., 45705
HFHEE, 4-FFEFEHER. RSN 0.1% (vIV) FER(A)MIZfE(B), Wik 1 mL/min, #7
Veli: 0~4 min, ZJEWEE H 10%F 5= & 35%, 4~15 min 2§ fREF 35%, 15~20 min

CJEHRE B 35%F& (K& 10%, 20~30 min Z WK E#FF 10%. R il#$ K 270 nm.
2.3.11 T.cutaneum ACCC 20271 K3 B 14 9k,

At R RL: A 60 g/L. YE 0.5 g/L. 0.22 g/L (NH4)2S04- 0.5 g/L MgSQO47H,0,
FANRIORERE 025 g/L. 0.4 g/L. £FR 2 o/ #fE. FEE 0.059/L. T 7 0.05 g/L.
432 FE IR 0.05 g/l BRIRELEEFE 24 h J5, REFRM DL 10% 8P & 82 N OB ik [ 15 77 2%
. BB AR & R IR B R 2 50% (VV)Z R, R E K SRR R E
LTF KRR 75% (VIV)IE s TRkt , It B AR IRAE AR 0 BE 1) 15% [
B B FORFEF KA 5 F) 15908 & & FORFEFF K MR AT & Ve 7% . FE AR
KA fa, PRFR 2 R TG B M 7

TRAEFF AR : 15% (Wiw)[E &8, F4E R JURR#6 GHIFE TR RAE A TR
], WEEEFD 15 FPU/g (HFYIRD . A4 R B &4 15 FPU/g DM (R KRS+ 5D,
IKfE 54t )9 50°C . 150 rpm, FH 5 mol/L NaOH 5 pH 7E 4.8, JKfi# 72 h.

2.3.12  AEWEEI A K

SRR A I e B e T AR 105°C LT 2 h, HEBERFIM P MEE. B
60 mL 5.4 g KOH /120 mL B EEAEWAINE 30 mL TH5 e, Hitde. = 60°C
JaF A 60 mL 5.4 g KOH/120 mL HEEfR, AT 3 hy ek M4 A2 =G H 72
WO R T EAR LA 5 M R AR o B R 2R (BRACHH 7))
FHESHAT—IREEACH:, RATRe R BT A G864 e 28 B R R I B,
AR BRIAREAR A B, AR R AR S5, 105°C T4 2 h B BRRK 5, K1
A5
2.3.13 AW SRt RE Il E

A= S ) PE BB GE 2 Z R KB tH N BE A 56 K % JR) 25 A HOR IR 45 0 o H % T4
P B MEREHEAT 7O RE o A=) 55 1 % T e T b 1R S A A A B ARy R AT . AR E AR



LHRIPT KPP HLEMBC 95 T

GB/T261-2008 . GB/T264-1983 . GB/T265-1988. GB/T2540-1981 . GB/T5096-1985 .
SH/T0246-1992. SH/T0689-2000. SH/T0248-2006 43 5%} A £y BRME . Bh JkGE . SR
WA B, SKE. AR, BASEHTE, HmAHZES%85mL. 109, 18 mL.
25mL. 5mL. 2mL. 20 L. 45mL. 2 mL. mAEYLEMAEE M, KA MQ-800 [IIY
BRI E A (SGW-10G, ¥F i TE RIS MLEe AR IR & ml) 4T, DA JR KR RAE. M E
2mL. Fifiioh 392 N _EERIEE N 1450 rpm, ERAGBELARIN 12.7 mm. 1EGF B
BE MR =AM BIREAS, BTS00 1 .

2.4 R 51He

2.4.1 T.cutaneum ACCC 20271 F| AN [A] [ &5 & R KA AT A M A 7 i 2 Pt i

JNSEEL T. cutaneum ACCC 20271 BRI T KR FEFF KB A = A= 0 fig » B2 T
T. cutaneum ACCC 20271 F| FH AN 7] i 2 & 5 KRG FF A MR 26 7 41 2 22 AR 0 B 0k e
AREB LIS T 3 L KRBT, TAEARR N 1 L. B & 10% (viv), &5 RanKE 2-1
fiiz~. B 2-1a B T. cutaneum ACCC 20271 7 15%[] &5 & T K FEFF Kl H 4 12 h 4
it S J B AT AR AR K, % 84 h S B AR L e P B il 19.84 g/l 4.44 gL
T. cutaneum ACCC 20271 7E 20%lii & & [ FORFEF KA H 4 156 h 8537 )5 v g 7= &k
5.78 g/L, 1 R. toruloides Y4 7£ K KAHAT /K A 103 iR~ B 5.53 g/l i Y.
lipolytica ££ 2006/ 22 A FF 7K A i fig 7= B4y 0.4 /LB, HUR Y. lipolytica & —Fk
HE R B e BEAS B Ak, (E 2 A B R ot 21 4E 3R Ao A P B A= 0 Re 1038 7
A 1o ] 55 5 (20%.  259%) T OKFE AT 7K AR o 7 22 480 A 4 K ) ZE 3 5 4 R DLk N AE K
BB, JUHEAE 25% [ & & FOKFEFHK AR H, T. cutaneum ACCC 20271 f%E i HiK ik
96 h, SF( T. cutaneum ACCC 20271 FI| FH & [ & & F KRS FF/K i ) i Rg A= r= Rl ke 25 7
PSR o X FERHTREE S & S, AW am ik e B s (R 2-D), 1M
R T R A 2 R 221 222 e o e W], T K AR AT K AR P AR IR AN A R R
X AT RE AL BT AT REAEZERT T, cutaneum ACCC 20271 AR SR 4 &k, Bl 2 i /K i
A A T AKE A SR B T RS . R RN, KRS AT K SRR P 4
WA ] 2-2 7 o £F 15%20% 25% [#] 25 & K f VR 1) & B il 7 R T, cutaneum ACCC
20271 SRR PR B, ] LAHEAT HMF L Z BRI R . 43 6. 36. 48 h J5 = Ff[H
B B K IR RERS % T. cutaneum ACCC 20271 58 4 fifiti. 45& K 2-1. 2-2 al41, T.
cutaneum ACCC 20271 7£ T KR /Kl R S Re e A K SN ES T EFE VX
o WA AN MG T. cutaneum ACCC 20271 A4 HEANA K3, 18 BERE 1
FEAEV] e BRI 1 B ARG . B I OB A 55
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25 - (a) Hydrolysate from 15% solids contents hydrolysis - 100
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(b) Hydrolysate from 20% solids contents hydrolysis
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(c) Hydrolysate from 25% solid contents hydrolysis -
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O
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Bl 2-1 T.cutaneum ACCC 20271 | F 7 Al [ & B K REFT KRR AL PP A= Pt g
(a) 15% B ARFEFT /KM (b): 20% T KAEAT K AR (€) 25% EAFEFT /K A
Figure 2-1 Microbial lipid production by T. cutaneum ACCC 20271 using different solids contents of

corn stover hydrolysate

() 15% solids contents corn stover hydolysate; (b) 20% solids contents corn stover hydolysate; (c) 25%
solids contents corn stover hydolysate
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(b) Hydrolysate from 20% solid hydrolysis
—A-Furfural -8-HMF —©—Acetic acid
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(c) Hydrolysate from 25% solid hydrolysis
—A—Furfural -B-HMF —©— Acetic acid

O F N W A O O N 00 ©
Acetic acid (g/L)

12 24 36 48 60 72 84 96 108 120 132 144 156 168

Time (h)

B 2-2 R B & B I OKAREFT K AR FO F ) Pk BEAR AL ith 2
(a) 15% F K FEFTF7KARW ;s (b): 20% FKFEFT K AR () 25% T KAEFT 7K itk
Figure 2-2 Time course of inhibitors of different solids contents of corn stover hydrolysate
(a) 15% solids contents corn stover hydolysate; (b) 20% solids contents corn stover hydolysate; (c) 25%

solids contents corn stover hydolysat
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2.4.2 T.cutaneum ACCC 20271 Fi| F lit B T KA AT il 2% (1) 7K MR A6 7 Bl A Pt g

AR 53 50 A SR FH AN 5] [ 5 8 e B K AR AT AR e 3 A i e A2 7 .t 2-3 i
N, B EE L FE R A 2 T T, cutaneum ACCC 20271 [ g/~ & 3F H it 1 kK B
WA, [FFE Y. lipolytica Polg PRl BEE it 5 (1) R 5T 41 4E 24 2 rh 1) g 7= & 40 il 32
Z 7.39 g/LY, 7E 159%. 20%A i85 (0 T K AL AT K MR, 28 84 h, 156 h A &4 A A
HEEEEE (B 2-1a. & 2-1b), 1M7E 15%. 209%H 5% i L KA AT KA H 42 78 hy 120 h
BRI A s #6528, H1I&] 2-3 AT %0 T. cutaneum ACCC 20271 7] IR I HILE 15%~30% [
B R KR A K 5. £ 25%/ 5 £ KR K i) T. cutaneum
ACCC 20271 (AT HEix i, N 31.48 g/l (B 2-3c); 1E 30%JH5 55 K FRV (1) 9 g 7=
His, HN8572 g/l (B 2-3d). WATEHIFRAME S &N SmMARER, X2EH
7 o A BRI AR P ) R A R BB X T A P SER I ) B e 98 TR T 5 S
AER S S2 6 RS g P B =T Y. lipolytica Polg A FH i 25 KM /K AR et g 7 i

(7.39 /LI K T, cutaneum CHO02 i FH fit 25 (14 T K565 2 3 ¥ 98 577 2. 7.96 g/L )24,

5 R BE AKRARABA ) S, 8 T2 30 1) 0t 3 T KA FE 7K A R P R A B R FE AN Tk =
P, ¥iPH T. cutaneum ACCC 20271 g [E) 25X 15} 8 6 0 Ko ACH:

243 HEVEEHEIE K

AR DT R BRI P NN JBE L S 4 ) S M 5 2 A S o R T AR i 1220,
TNKGUE . R BRI AR SRR E IR R R T 1 S A P S ) e
R i W RR AR P o SRR T e SLARIR MR A, VR B 7 1R 2 B (Rl i 220

T. cutaneum ACCC 20271 | H T ARFE A /KR A 7 BT AE Y iR 4 53 Wk 2-2. %
MG Z Rt C16~C18 K IR EEMI i, RIS &A & C14. C15. C19. C24 IENITE .
HAMER(CL8: ) A fm, N 42.11%, HUCHHARIR(CL6:1), F&EA~ 19.41%. A
NI RR I 2 &4 64.96%.

300 mL A i G 22 e A8 4 i) 46 R AE S (29 160 mL), Gnl&] 2-4 Flios. AEWSE
MAFHLIN 53.3%. AVSEMVERe RIS RIK 2-3, BRE/KEE IS, ZAESmH
e bris 3] T R E A% BD100 FrifE(GB/T 25199-2010)F13€[E ASTM (American
Society for Testing and Materials)#x £, 175 7K B (4 i e vl 88 3ot 8 o k9L P38 B A8 K
T )R T R
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(b) Hydrolysate form 20% solid contents hydrolysis r 120
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& 2-3 T.cutaneum ACCC 20271 Il F A~ Rl B & 2 i 5 TR A FF K ARV 2E P2 AE i g
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Figure 2-3 Microbial lipid production by T. cutaneum ACCC 20271 using different solids contents
biodetoxified corn stover hydrolysate
(a) 15% solids contents corn stover hydolysate; (b) 20% solids contents corn stover hydolysate; (c) 25%
solids contents corn stover hydolysat; (d) 30% solids contents corn stover hydolysat

% 2-2 T.cutaneum ACCC 20271 Fi) F T RFEFF /K AER A= 7= R 2 403 A ¥ B o R 2L Bt
Table 2-2 Fatty acid composition of the microbial lipid produced by T. cutaneum ACCC 20271 using corn

stover hydrolysate

Composition

Content (%)

Myristate
Pentadecanoate
Palmitoleate
Palmitate
Margaroleate
Margarate
Linoleate
Oleate

Stearate
Nonadecanoate
Lignocerate

C14:0
C15:.0
Cil6:1
C16:0
Ci7:1
C17:0
C18:2
Ci18:1
C18:0
C19:.0
C24:0

0.23
0.67
10.69
19.41
7.90
3.56
4.26
4211
5.98
0.22
0.46
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B 2-4 EATH#H & B A M SR

Figure 2-4 Biodiesel synthesized after transesterification

% 2-3 1 T. cutaneum ACCC 20271 =43 AR & B AE 90 S5 1 BB 4 #
Table 2-3 Characteristics of biodiesel derived from microbial lipid produced by T. cutaneum ACCC
20271 using corn stover hydrolysate

Index and unit Microbial BD100 Standard  ASTM standard
biodiesel
1 Acid value (KOH mg/g samples) 0.28 <0.80 <0.8
2 Copper strip corrosion (50°C,3h) 1 <1 <3
3 Water content (%) 0.091 <0.050 <0.05
4 Kinetic viscosity (20C, mm%s)  6.42 (20 C) 1.9-6.0 (40C) 1.9-6.0 (40 )
5  Flash point (°C) 178.5 >130 >100
6  Sulfur content (%) <0.5 <50 <50
7  Density (g/cm®) 0.8809 0.820-0.900 -
8  Lubrication (HFRR) and wear scar 587 - -
diameter (jum)
9  Cloud point (C) undetected - -
10 Fatty acid methyl ester (%) >97 - -

2.4.4 T.cutaneum ACCC 20271 X A5 21 4k 2 RAIZ I HI V0 ) s 52 4 7 #r

ST Y%t T. cutaneum ACCC 20271 ¥ A=K i g R B HAT — e I /E A, P
AR E R G0 T. cutaneum ACCC 20271 X Aot 2 4 2 K YR ) S Rl Mo g i 32 4% » 5
T. cutaneum ACCC 20271 #2547 B — 3Nl W) & s IR B b o 5 M AR 2E
A g AR o
(a) PRMGEINHI P

TS L HMIF 1y SR () R 040 , S A R 2T 4 32 /K A = v £ 2 24 4 290,
SR R DNAT 230 2311 i s e e g O G 12°% 25015 il py ) B R A A S R P
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H A B MR A K . Wil 2-5 BT, SRR ZH A T. cutaneum ACCC 20271 F B 44T B8 2 it
JEF= &7 A 15.70 g/ 4.238 g/L . 11 S5 2H 0.5 g/l FEORERE BV AT B 2 401 T. cutaneum
ACCC 20271 ftEK, #5397 120 h G B AT E. WAs~ &4 7%~ 550 g/L. 040 g/L, 5
X R A LL AR T 65.0%. 90.6%. 1 g/L #EERS T. cutaneum ACCC 20271 AT 5
bt R ZH BRAR T 64.4%. 95 SCHERIRIE R. toruloides AS 2.1389 7£ 1 gfL A I ) B 4 T 5
Eenf BB 4K 60%°Y, R. toruloides Y4 7E 1 mM (0.96 g/L)HIMERE N B 1A T B AL T
45.5%9, 5B T. cutaneum ACCC 20271 %P (i 52 P A1 R. toruloides AS 2.1389 .
R. toruloides Y4 & AH4 7.

ERRREA L, HMF & 2R 2, K 2-6 Frx. BIELE 4 g/LHMF KT, T.
cutaneum ACCC 20271 A4 Rz g RF 52 BS54 . 7E 5 g/lL HMF 2644 T,
AT S Ig e B4 8 10,74, 2.69g/L, 23 5 EL T HB4HA 35.3%. 24.7%.
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Furfural (g/L)

Bl 2-5 T.cutaneum ACCC 20271 SRR 52 M40 47
Figure 2-5 Tolerance of T. cutaneum ACCC 20271 to furfural
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B 2-6 T.cutaneum ACCC 20271 % HMF i 32 #4247
Figure 2-6 Tolerance of T. cutaneum ACCC 20271 to HMF
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(b) M2

P A A WAt 2 e T Pl L T S sk 2200, e & 44 3R il L sk 1 9200,
AR T T. cutaneum ACCC 20271 xf =Fh iR iy s Ak &4 . FERE. T &G . 4-
BRI, BB AR REA LT AR, TEHEEMAERREI, 5
% BT ) P B R - Py S b (R SO RE BT T A 2 05 B R A 1t = R AL AR, T
cutaneum ACCC 20271 X ifij & HEE N 52 M /8, 2 o/l & EERS, T. cutaneum ACCC
20271 A& T K g7 B2 ) 10.56. 2.93 g/L, 23 5l B X BB 41 [FAIK T 36.16%. 40.35%

(|8 2-7).R. toruloides AS 2.1389 (2 g/L) =% R. toruloides Y4 (12 mM #H#[%=1.82 g/L)

(49T 3o 75 RS (T 52 1P 5 T. cutaneum ACCC 20271 &4, £ =Rtk & T,
cutaneum ACCC 20271 XJ ] FEEMM %t =, 2.5 g/lL T #&BEWS T. cutaneum ACCC
20271 BB AR R IR S22 B AN G, 5597 120 h J5 RT3 i = &4 A 13.19.
413 g/L, SRR 79.7%. 84.3% (] 2-8), {H & 1ZEAIIHE T R. toruloides Y4
£ 12 mM (2.18 g/L) T %% T IR T5(12.4 g/L) ), i8] T. cutaneum ACCC 20271
T2 I 52 ML T R, toruloides Y4, 7E 1.5 g/l 4-F23E K FEEAATERS, T. cutaneum
ACCC 20271 A= KB 3z 3|8 B A4, 2.5 g/L 4-F2 32 HES IS T. cutaneum ACCC 20271
WAARTE . AR == 0N 0.624 0.22 g/L, AR RN 4.7%. 5.1% (& 2-9). 1fi 10
MM (1.22 g/L) 4-¥23E 58 H s BRI AT 58 44014 R. toruloides Y49, i8] T. cutaneum ACCC
20271 X 4-$2 L SR 2 100 T R, toruloides Y4. % A%, T. cutaneum ACCC
20271 Xf =Py BEAL G B 52 1 e S B BIBUT R T AR>S B >4 R AL R
LR 5 Hu 2554138 (0 R. toruloides Y4 (AT 52 P4 2047 45 B MU0, If H A 45
HAF £ 5 e BT I 2540 A W (055 1k 55 7 K AR O (45 1 12900,
() FHERFAHIP

HIR. LR LMENTR A& AT 414k 22 /K A dee s DL ) S5 PRSI . 7E 6 g/L
FRAFAEZAF R, T. cutaneum ACCC 20271 B4 5 S v A 7= 8 B A T X R ZH (B 2-10) .
R. toruloides AS 2.1389 7t 2 g/L. 4 g/L HERHS A5 HIBEK T 25%. 40%, T T.
cutaneum ACCC 20271 7 2 g/L. 4 g/L WESH A& IS T 17.9%. 25.7%, i
T. cutaneum ACCC 20271 % IR T 52 1% 5 T~ R. toruloides AS 2.1389. ] 2-11 UiH T.
cutaneum ACCC 20271 RILH X L BRI R UFmt 52 1, 25 o/l LR A7 1E B 1) B 44 1 B S il
REF= R A FE(K T 49.6%. 34.0%. I HFE LBRWE T &, WESmEEDS LI, R
toruloides Y4 [RIFEH LI H X — I %149, i8] Z. 87 % T. cutaneum ACCC 20271 H T
G B, HRR A R T BRI T CIN sk, B 4h Gong 251 EE s
CIRWTAE N IRRERE C. curvatus A== iR BRIR . BLAMETRIE, JMAEREEE C. curvatus
15 TR -5 71 2 08 SARE 3L Rk B v, W] BRI R S e R B , 9 B AR A7 AT
AR B R A i 2E 2 T AR T 28R T cutaneum ACCC 20271 X ZL Ik R R I
My 52 VB BRI IR 2, 15 g/L SBEINIR 26T, T. cutaneum ACCC 20271 £ 120 h ¥455%
Jei» BT MRS AN 1.32, 0.42 g/L, ZXTHEAL) 8.9%. 8.5% (& 2-12). Huang
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2 NP HL T, fermentans EATRUF I ZBE AR 52 1%, #E 310 mM (35.96 g/L)if T.
fermentans A A= A S iE = & 0 Al PR T 21%. 50%.

g LRTiR, 5HAMBAEY—FE T. cutaneum ACCC 20271 X RS Al 4-5i i 2 F % (A
MERET, (EARXS I HXT HMFL T AN 55 BRI 52 80 4. 5 R. toruloides AHEL,
T. cutaneum ACCC 20271 %t 2l T & . A-FFL K IR TN 52 MRS iy, i X pgels . H
R R R TS PR i 52 M e AH 24 1)

- % N 542
n !

0 1 2 3 4 6
Formic acid (g/L)
& 2-10 T.cutaneum ACCC 20271 X FF BRI i 52 43 47
Figure 2-10 Tolerance of T. cutaneum ACCC 20271 to formic acid
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B 2-11 T.cutaneum ACCC 20271 %t Z. BRI 52 14347
Figure 2-11 Tolerance of T. cutaneum ACCC 20271 to acetic acid
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B 2-12 T.cutaneum ACCC 20271 Xt ZBL R R T 32 M7
Figure 2-12 Tolerance of T. cutaneum ACCC 20271 to levulinic acid

2.45 T.cutaneum ACCC 20271 XA Jii 21 24 25 R IR 0 | 0 i A= % b 5 i 25

TEFNFIPIE N — B IR A DL R, %5 %2 T, cutaneum ACCC 2. 1374 X ARJFR 44 %5k
PEINE Y ) WAL BE 11 2% T. cutaneum ACCC 20271 5ot 11 47 ) i 52 Sz 0 445 51 %
S [F 1 4k 58 5 T A R e v 4 ) ok 1 239N 5 s 3 D DI B o T M TR (A
JoR AT 2 SRS ) ) J R 4yl g . 1.0 /L BERE . 3.0 g/L HMF. 2.0 g/L FEEsE, 2.5
g/L THEE. 1.0g/L4-FHILFEFE . 3.09/L HEZ. 159/L ZFR. 10 g/L ZBERAFR .

(a) PRHR A4

WK 2-13 B, 1 g/l BIRERE LS 12 h f5 RIAT 4% T. cutaneum ACCC 20271 56 4 [ A i,
[ B A= RRORRE I SRR (ELJ2: 24 h JE BRI A5 i AL MR IR » FF EURBRIR IR 5 B AR F AR,
HCHED T. cutaneum ACCC 20271 7] e AN H & it — 0 BRI Re 7. B T B B &
g R, S EO IR RS & B PR (0.31 g/L). I HLAE TEMRE I & s 97 JE o B
NI 2.5 /L MR R I S0 R R B, BRIR K IHAS BE B T. cutaneum ACCC 20271 FEf#( & 2-14),
AMEENE 7 _EIRHEM, IBIESE T RS & T. cutaneum ACCC 20271 AU 1) 5 2 i =
Y.

3.0 g/L HMF £ 48 h J5 Rl 5 g B R, 75 12 h i RIAT RGN 21 FL 4 Al r= ) 555 FF L g
BEA 5-2 FHLHRIR (1) R, Bl (R ZEK 5-%8 SR G100 552 F SR MRIR, 4 5-5%
FH M T (R BE AN AR AL . #E0) T. cutaneum ACCC 20271 [RIFEAS FL 48 B4 fift 5-% R L bR
[F1RE )1 (& 2-15) . 7E LA 5-F% HT B RS IR O ME— Bl 11 55 5 7 & 3, T. cutaneum ACCC 20271
IAARRE B ZIR (] 2-16). # SCRRIRIE, WRIG-2,5- R IR S . HMF B#fR ik
AR AR =M o AE DAWR IR -2,5- SRR N ME — B YR 1 SE a0 25 R ], AR T
cutaneum ACCC 20271 F#fi (] 2-17) . &¢ BT %, $EEE \HMF ¥ AN B8, T. cutaneum ACCC
20271 584 FE AR T3 N H O R
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16 —o—Furfural -8 Furoic acid
—A—Furfuryl alcohol —©-Control

1.4

1.2

1.0

0.8

Inhibitor (g/L)

0.6

0 12 24 36 48 60 72 8 96 108 120
Time (h)
& 2-13 T.cutaneum ACCC 20271 X ERs &R
Figure 2-13 Biodegradation of furfural in T. cutaneum ACCC 20271

Control:  VAJCR AAREFP 7, HAbIRIEAR, N,

Control: replace the seed culture with sterilized water, other operation was same, similarly hereinafter.
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&l 2-14 T. cutaneum ACCC 20271 X HERSp&fR
Figure 2-14 Biodegradation of furoic in T. cutaneum ACCC 20271
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—-©—-HMF —=-HMF acid
—A—HMF alcohol -©—-Control
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Time (h)
& 2-15 T.cutaneum ACCC 20271 Xt HMF K R&f#
Figure 2-15 Biodegradation of HMF in T. cutaneum ACCC 20271
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B 2-16 T.cutaneum ACCC 20271 %t 5-3% FZAE BRI &/
Figure 2-16 Biodegradation of HMF acid in T. cutaneum ACCC 20271

3.0

—©—Furan-2,5-dicarboxylate —©-Control
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15 1
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0.0 ] T T T T T T T T T T T T T T T T T T 1
0O 12 24 36 48 60 72 8 96 108 120

Time (h)
A 2-17 T.cutaneum ACCC 20271 Xt BRI -2,5- SRR ) B& A&
Figure 2-17 Biodegradation of furan-2,5-dicarboxylate in T. cutaneum ACCC 20271
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(b) 4

Wik 2-18 fiizn, FHHEEZ 60 h J5RI AT # T. cutaneum ACCC 2.137 #1b5e4:, 12 h
I B A) RS I 2 A B A AR R P AR BB, & 48 h R fems 1 36 h i G & IR
JEFFURWI R EF B3 72 h G EEARFEAE, ERFRE 120 h WA B RRIKFE T aEFEAK,
I B ARl A R EE KRR E B 0 h 1) 9.50 mM 2K % 120 h 1] 7.23 mM,
FANE 2 g/l B EFRAME—BRIEN, 3% 120 h 5 HIRERECE 0.86 g/L (& 2-19), #f
—FSZ T. cutaneum ACCC 20271 H & [ fif 5 SR (1 e

TET BRI EMR PRI, BEEE TR K, T HBIREZE P RC, RN T mEE. T
FERIFWE R, B 72 h J5 T AR EEEAR LRI, H2 TEHFRIREKRIA LA, WK
2-20 fii7n. fELNT FwIRAME—BRIEMI LIS H R I, T HRAZAAEEYE T. cutaneum ACCC
20271 FM#I (P 2-21). W] T. cutaneum ACCC 20271 R4 &R T F IRV BE

2-22 KW, T. cutaneum ACCC 20271 R PIE &M 4- 52K S, JF HA KK
A-FRFEFR A A- 2L R R AT LAFE 36 h e M. Ui 4- KR4
T. cutaneum ACCC 20271 ¥4k I 2t N A My S22 56 4 P

2.0 —o—Vanillin —=-Vanillate
—A—Vanillyl alcohol -©-Control

1.6

=
(N}

o
o

Inhibitor (g/L)

0.4

0.0 &

Time (h)
& 2-18 T.cutaneum ACCC 20271 X & 5B i) &R
Figure 2-18 Biodegradation of vanillin in T. cutaneum ACCC 20271
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o
)]
.

0.0 ] T T T T T T T T T 1
0 24 48 72 96 120
Time (h)

B 2-19 T.cutaneum ACCC 20271 % & BRI &R
Figure 2-19 Biodegradation of vanillate in T. cutaneum ACCC 20271
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—A— Syringic alcohol —©-Control
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B 2-20 T.cutaneum ACCC 20271 »} T ZFEE i Pafi

Figure 2-20 Biodegradation of syringaldehyde in T. cutaneum ACCC 20271
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B 2-21 T.cutaneum ACCC 20271 X} T &8 I A
Figure 2-21 Biodegradation of syringate in T. cutaneum ACCC 20271
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Inhibitor (g/L)

1.0

0.6
——4-hydroxybenzaldehyde

—&-4-Hydroxybenzoate
—A—4-Hydroxybenzyl alcohol
—©-Control

0.4

K
120

0 12 24 36 48 6 72 84 96 108
Time (h)

& 2-22 T.cutaneum ACCC 20271 X} 4-$2F3: 3% H S [ [ AR

Figure 2-22 Biodegradation of 4-hydroxybenzaldehyde in T. cutaneum ACCC 20271

(c) FIER M)
P 2-23. 2-24 Fiizs, 45 96 hy 84 h j5 HERFI 2R vT LA T. cutaneum ACCC
20271 SEAREME, T ABE BRI B B e (B 2-25), I H A KD BIAH SR 5

P H B

Inhibitor (g/L)

4.0 ——Formic acid —-©—-Control
35

3.0
25
2.0
15
1.0

0.5

0.0 T T T T T T T T T T T T T T T \I/ T \I/ T o
0 12 24 36 48 60 72 84 96 108 120

Time (h)
& 2-23 T.cutaneum ACCC 20271 X FF B i) Ffit

Figure 2-23 Biodegradation of formic acid in T. cutaneum ACCC 20271
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AT KPR AT

Inhibitor (g/L)

—o—Acetic acid

—-©—Control

24 36 48 60 72 84 96 108 12

—

T T T T T T T T T — N T T

Time (h)

B 2-24 T. cutaneum ACCC 20271 X} Z.F& i) F&fd

Figure 2-24 Biodegradation of acetic acid in T. cutaneum ACCC 20271
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[EnY
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Time (h)

B 2-25 T.cutaneum ACCC 20271 Xf Z.BETH ER I¥) B iR

Figure 2-25 Biodegradation of levulinic acid in T. cutaneum ACCC 20271

2.4.6 T.cutaneum ACCC 20271 7 F KA FF A M H A 13T 7 1k 15 7%

Nk HEE T. cutaneum ACCC 20271 % F KRS FF /K AR & B 66 1, SR K&
IS PR TR 1K) SR Sl I A BE B 7R okB AP f i T, cutaneum ACCC 20271 X AT £F 4k 3K I
NI S e . WERAEZESL 5~7 IR FRIE T. cutaneum ACCC 20271 HI4K
(ODooo) B 5E 7E 1~2 #4719 5537 24 h & 7k B 4 i R R 76 2~3 g/L W Py BV R E N
— BRI B R

15 T. cutaneum ACCC 20271 7F 50% (V/v) IR HEL A VR 1 B il 77 25 (50% SMIT)
B3R, B 2-26 AT, BEE 17 IR JG MR IR IG5 37 24 h Ja AR A K& TF2 5, ODeoo
TRIFLE 5~6 8], 537 24 h Jo RIFRGR B AT IR E N 21~22 gL Z IH]. %597 76
WJe s TFURTE T5% & ks 7755 (75% SMIVPHEAT, BEEaki o & 102 Ui A K EEA T
FasE, 98~104 i+ 77 18] B 45 ODgoo Fe AR IFLE 4~5 L[], 17 A B v ok B 6 260
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FEALE 36~37 g/L [l FFAATEARINHI VIR EEN 15%[E & & KA F /K (CSH-L)
s SR, W] T. cutaneum ACCC 20271 WAAA K A /NaE K98, HERAE T i
S, BN FRAEE 190 WK, FFARTE RN iR BERNHIA I 15% [ 2 8 B KRS FK i
HEE R . (R R AR KRS R ZE, FrUUEH B EKE MBS 50% (viv) (50%
CSH-H)Z JaH57%, £ 191~206 a7 ], BRI A KEEARRFRFRE, ODgoo 2
AARFFAE T~8 I8, M AE S 192~201 Y% H HA 18] A A H 7 B e I Rk S 0 24~25 glL,
11156 202~206 4R35 77 HHIA] A B ok B8 i 61 B B2 0 T [ 22 19.80 g/« ANEE 207 IRA% 45
R IR TPUBAE 75% (viv, T KHFRE) (75% CSH-H) 15%[f & & T K FE AT /K il v v 8 9%
T. cutaneum ACCC 20271 .7E5 207 & 231 %485 5% 18] 11 44 1 AE K 1 e AN ERUE , ODeoo
BANREE RO, 1E 0.37~10.27 BB . HEE 232 LA KB THE, ODgp i
FFTE 6.5~7.0 Z I8, HHES 242 IRFEETTFIGTE 15% [ 5 & 1 KRS FT KR (CSH-H) 35 77
T. cutaneum ACCC 20271, ] 2-26 A A1 /4 1A K BAR FEAR R FFFE EIRAS, ODeoo TR
FRAE 4~6 Z 18], J I b bk B e ) BB B BE AR 9 50~55 g/l X [H] . 2 AL AL e 3% 277 K,
FEAE LR PR, K b B (R 3L R i iy 44 04 T. cutaneum 277,

RIS E A G B R 7R BRI VERE, JF S IR AR B MREEAT X B o K DI S5 R B R 40 )
T A G FRIE(SM) . TRINAMHIY) CERE . HMF, 208, FEEE . T . 4-F IR )
()& B3 722 (SMI) J 15% 8] 2 5 1 R KRS FT 7K AL (CSH) Hh 43 70l 1 FR 9K 5 1R B vk A
JR UG TR P T. cutaneum ACCC 20271, 25 5 WL 1] 2-27. tn ¥ 2-27a i, JR UG B 7% T. cutaneum
ACCC 20271 ASREMELE B R FE NI 15% F K FEFT K b A, T 3 A g2 464 1
(RO, J P B R A KRS I AL T AH B S5 T (0 L4 B R o I B RRAE TR RS AT /K i
(R AT B ey, FL OIS I M0 A BRORE IR, TR A OB 77 2 P IR B AT B
i, JFHBEREEFERR M. XEHTEKBR TS EEEENEFRMIR, WEKRE
WEFRI T, cutaneum JIML AR AE KA TG s 70k LA I | A i & pleds 7 s H
U A InAmsI 0 & s 2 2 R & A aT kT, cutaneum QIR 28R, L #A T
Him T A g RN . T RIATE F T. cutaneum ACCC 20271 NIAH e, 784 ks 7 56 (1)
PR T3 i TS I B A s IR 2k, m AR TR KR, X2 T & s 77
B R KRR A ] 7 AR . YK BERRTE & RS TRk . I IS0 & s 7 ik
Jo B ARFEFE K S i I g 7= & oA 6.15. 6.164 5.17 g/L, MiJRIGE T. cutaneum
ACCC 20271 iy flar= & BAR T YL, 43704 5.04. 3.24. 0.159/L (& 2-27b).
[ B TR Ak LU iR 48 B AR A AR B D i s TR 2, Wl 2-28 Frow. IR0
PG RS 77 08 I FORFEFTF K B R, I BER 2 12 hy 24 h BERRE AR 52,
JRUAHE B T. cutaneum ACCC 20271 75 24 h. 48 h A a[fRi5¢; HMF, ML Pk 36 h
Hyal At g, JRUGE R T. cutaneum ACCC 20271 F % 36 h. 84 h Rt 5: 2/, YL
Pk 24 h WAIACH5E, JEAATHE FE T. cutaneum ACCC 20271 % 24 h. 84 hfUilf5E. M2
28 1ok 3 B MR IR 2 5 B I B AR ANEL LU S5 46 B RR 0 S I AR = PR RE AR B4R &, JF HLHD
Wi} 52 66 71145 2 71658
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' ' Transfer number ~ Cori-H

& 2-26 T.cutaneum ACCC 20271 KHTE R 3% 5%

SMI: TR A ) 0 60 07 R RS FT /K MR B0 & eI 77 3% . CSH-L: IR 09K B2 1) KA AT K (15% [ 5 &, 15 FPU, 2.0%MRHI &, 175°C kb3

5min; 54.83 g/L %% %, 25.31 g/L KB, 022 g/L $EfE. 0.27 g/LHMF. 4.36 g/L Z.FR): CSH-H: FF S M ik B T K FS FT K IR (159%[H & & .

15 FPU, 2.5%M&H &, 175°C FilkbHE 5 min; 66.19 g/L i Z&i#E. 30.91 g/L A¥E. 0.68 g/L #ifE. 0.40 g/L HMF. 5.09 g/L ZI&)
Figure 2-26  Long time adaptation culture of T. cutaneum ACCC 20271

SMI respects the synthetic medium containg inhibitors simulating corn stover hydrolysate; CSH-L respects the corn stover hydrolysate with low concentration
inhibitrs (15% solids content, 15 FPU, 2.0% sulfuric acid, preated at 175 °C for 5 min; containing 54.83 g/L of glucose, 25.31 g/L of xylose, 0.22 g/L of furfural, 0.27

g/L of HMF, 4.36 g/L of acetic acid); CSH-H respects the normal corn stover hydrolysate (15% solids content, 15 FPU, 2.5% sulfuric acid, preated at 175 °C for 5

min; containg 66.19 g/L glucose, 30.91 ¢/L of xylose, 0.68 g/L furfural, 0.40 g/L of HMF, 5.09 g/L acetic acid)
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B 2-27 YILE#RS T. cutaneum ACCC 20271 A= K R s A= M g & Bk R it Ed

()i A K (ODeoo);  (b)FI %) WEVE#E;  (c)4l i+ 2 S i A

SM G EUEFREE: SMI S INA IV 07 FOKFEFT K VR 5 B 95 3% CSH O B RFEFT /K AR

Figure 2-27 Comparision of cell growth and microbial lipid production of the adapted strain and T.
cutaneum ACCC 20271
(@) cell growth (ODgqg); (b) glucose consumption; (c) dry cell weight and lipid

SM respects synthetic medium, SMI respects the synthetic medium containg inhibitors simulating corn

stover hydrolysate, CSH respects corn stover hydrolysate
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0.7 (a) Furfural degradation Parent Adatped
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CSH —&— -
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g ]
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5.0 5 (c) Acetic acid degradation Parent Adatped
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& 2-28 Yl4LE#k5 T. cutaneum ACCC 20271 i ¥ FEAR S S35 b

(R (b) HMF; (c) L&
SMI: IR EIVIH & R 753k, CSH: T RFEFT KA
Figure 2-28 Comparison of inhibitors degradation of the adapted strain and T. cutaneum ACCC 20271
(@) furfural; (b) HMF; (c) acetic acid
SMI respects synthetic medium containg inhibitors simulating corn stover hydrolysate, CSH respects corn
stover hydrolysate
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2.5 /N

AT FEEIRFLT. cutaneum ACCC 20271 F) FH T KFE FF K A8 7 A= 7= 1 AE 203 g ) e
YT T R AT 21 24 2 SR IFAN I R I 52V K B A e 77 o B AIE PR % 77 SRS HE =
T. cutaneum ACCC 20271 & F KR FEFF K MR R I R BE PR R . 3 3 DL R 4518

(1) T. cutaneum ACCC 20271 7 15%. 20% [l % f&: [ F KA AT /K SV R e L4 1 A=
K S iig B, (HRTE 259%[E & & FORREFT K M A Kl AR AR 22, b AR ik A
MK A RE R A BEE N K. 1590 B i R OKFE FF /K MR b 1 AT 5 B A P i 0 il
9 19.84. 4.44 g/L, 20%E| 7 B OKFEFF 7K A A B A4 T 2 K s B P2 = 40 o 23.10.5.78
o/l 7EJEE /KA T. cutaneum ACCC 20271 A K Jh g = & 45 21 B B /942 51, 30%
I B T KRG R K A B T EE S e 7 & A n) 4 e & 31.31. 8.57 g/L. i IAMLER T
FERT {2 3F T. cutaneum ACCC 20271 [y iR A==, [R5 B #I4 %F T. cutaneum ACCC
20271 A RS54 =BG — e R R R I EH .

(2) T. cutaneum ACCC 20271 XPHglE . 4-F2 R H BN UK, (H2XF HMF. 55
REFERE., THEBERAGEENMZE. @ RIFR. O, FEEE. 4-57258K
HE A% T. cutaneum ACCC 20271 584 P& A, TRkRE . HMF. T 2l (1 AR = 2 9 A i
IREFIRR, FEA Redlit— AR

(3) ALK T B B 9 A S $2 5 T T cutaneum ACCC 20271 I R K FE AT /K iR
WIIRE ST, MG B R 52 68 0 I AR K S IE RARIIS BIFE . 15908 & & FOKFEF K
fiiHh T. cutaneum ACCC 20271 42 i fig 7 & 73 79l v 19.59. 5.17 g/L.
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E3TF  FRLBEFERE R AN F R INHE RS R

3.1 5=

Pl B v 38 W P R ) 1 2 B A S AR (R A B AR, R B 22 1 Il AR T AR P 5 i T
FERAN T oy RETCAE Y A O 58 B2 R A0 7 A . fde HE B IR % BF (Yarrowia lipolytica
CLIB 122. Y. lipolytica PO1f). [f 4 4 ¥ £} (Rhodosporidium toruloides NP11). jiifii £z
HuE# BE(Trichosporon oleaginosus 1BC0246). & H R EKE%LE(C. albidus NT2002). &l
155 (Mortierella alpine ATCC#32222)% . i fle B £k Y. lipolytica 72 fix - 58 ¢ & R 20 /7
Bk, T Bt CAE R Bk T 2 7 i Ak 7t R 20, Loira 254557 7 Y. lipolytica
HAR AL, Pan A1 Hua® 4204 7 HAR MM 4% . R. toruloides NP11 1% T. oleaginosus
1BC0246 PO RE A K IR A1 PR . RS 2 % A HHT T VEAIIRIE .

7E 2012 4E P RRFT 22 #% £} (Trichosporon asahii CBS 2479 **1| Trichosporon asahii
CBS 8904 P¥Wiifr2 5, et @ i 2 bk RE LI T . Trichosporon laibachii-
Trichosporon guehoae. Trichosporon oleaginosus %5 . % H a7 41k 244 =#k Trichosporon
cutaneum 58 T AE R AN T, 4504 T. cutaneum JCM1462 (Genbank 3REX S :
BCKUO00000000.1). T. cutaneum B3 (Genbank 3KH{5: LRUG00000000.1) }z ASCH ] T.
cutaneum ACCC 20271 (Genbank 3£H{*5: LTAL00000000.1). {H;Z T. cutaneum JCM1462
A T. cutaneum B3 AR IR ) 55 R 4H 3 B A S AR DGRBS R A AT . HOW T cutaneum
ACCC 20271 AT FE R M7 58, X T HAh Trichosporon cutaneum B # 1 1534415 5.
WESE . PR TS BUE S5 ok A EE R .

WS — & Tk T. cutaneum ACCC 20271 Jy = A T 52 8 ()3 i 7 BF i Ak o bt T50
FLIBARAT BB A N 5 B0 H I AU S = I 32 1 L) 7 L o B DU I
BRI R 2H A5 B AN T. cutaneum ACCC 20271 i g & k. A2 I RIHLH A H A
REFSERI TAE . AR T. cutaneum ACCC 2027 HEAT T 3£ R AL I 7 e Ho G it 24007
KTEIR AR . —RFRIGIN(TCA). IRIEBERRER 12 (PPP) MENTRR & R H I =1 (TAGS) &
FE A B O BRARETREAT 1408 S A B A B HEI o FR A 5 — 25 v 04 i 0 AR ) A 1) S
Wah R, ahia RN AERAE S CA RIAHRHT FEkiE, Xt T. cutaneum ACCC 20271 I
HIP AU B AT A S ES AR Th R SR 1EAT T S5 5 0t . [R5 5 A =k SL 2R 1 3l g 1
B ([ 20 & #1 % £+ Rhodosporidium toruloides NP11. fi#HE B £F Yarrowia lipolytica
CLIB122. g4 #1F% £} Trichosporon oleaginosus IBC0246)#E4T T LL#s, Zo#r T T
cutaneum ACCC 20271 Hft K (4| Pyt 52 AP Ad P e 1) 73 T A= M0 e B il . AR 20 B 72 N
X 7 A ) B RO R B £ 44 2R SRS 0B 3 AL D AT U A0 R AR A X HE
HAEZEZ L.

3.2 MKEEINA

3.2.1 FE[XZH DNA $#EHL
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# T. cutaneum ACCC 20271 1~ YPD £;7= 4+ 30°C. 180 rpm T1:7% 24 h, Li&4
L DNA 3R E . 43 DNA IR ES % Zhu 25(2012) P8 7733747 . T. cutaneum
ACCC 20271 T YPD ;5= 57 J5 » B OIS SE AR 4 I o I N SR AR 22 v ( (2%
v/V) Triton-100. 1% (w/v) SDS. 100 mM NaCl. 10 mM Tris-HCI pH 8.0), 45 & HEEkiE:
BRI e A, I Tris WA By A G 07 7 B9 (24:1, vIV) TR S SR B DNA. DNA
+ TE 22/ (10 mM Tris-HCI, 1 mM EDTA, pH7.6)#', RNase A (TOYOBO, H#A) 37°C
IRH 15 min £ RNA.

322 AFERNANF. HE5PHE

P B K 2 DNA(GDNA)IESS FHFIR AR VB VIR A FRA 50 FE S di AT 7 .
SR FH 4 25 DR 2H 15 42 (WG S) SR, M 58 AR P AR, ) 4 N Fr B B2 451l 2 360 bp
400bp. 700 bp. 8000 bp VYA, KA MiSeq T 4 XX £ 52 EHHATI R« FF
25t DNA $2H. @ FERN T, 1530545 12 dE (Raw Reads). Raw Data il i i &1
J&i » % FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) 25 34T F %
43HT. K Newbler v2.8 (20110517_1502) M3k #f35s, HfEz#J%E contig A1 scaffold £33 £
AP R .

3.2.3 A YmbE LR T L V) Re R

TR A 4 0 5 R P TSR . Maker 4530 V5 B 2 45 (version 2008) (245 2461 233 145 1 )
M TS 545 8 RIVEE BB S RS B GRS M RNA-Seq VERESS R 55 B
FF i B [ G b PR R AT PN

R 2 i 2 DR T R VAR 1) 32 2 07 V2 0 P TN A 3 0 B 1 g G R TR 5 % M B e
e rp AL & R A T EL . S BLAST2GO BT SR A 4w LRI GO 1. &
[ 4w i & K] /) EuKaryotic Orthologous Groups (KOG)f73:B&% H blast x4k 52 . & 1
i IE A KO M Pathway jERBFZE RH KEGG (Kyoto Encyclopedia of Genes and
Genomes) ] KAAS HEILIERE RS ER, TP/ KO UM 2IMHRN ) KEGG Pathway 1 #
E.

3.2.4 ALK ;T

HEACR 5 B e 8 T [R5 B SR ST, 3l I 26 AT 50 40 B 16 77 2 4R AR AUk ) [ 5 2

1, bt 5 K A Neighbor-joining M E 2 4 K B # .

3.3 ZR51w

3.3.1 T.cutaneum ACCC 20271 4% 5 2H % 45 )1

T. cutaneum ACCC 20271 Jy 55 AR B k. X T. cutaneum ACCC 20271 K ZH |
PR GEHAR AT I e, SR WK 3-1. i iE S fEdRE B PR B 923 4 contig, FFA
XN 22 /> scaffold, ZH3E50 1145 R R R 4 3 ARRE L3R 3-2. 3-3. T. cutaneum ACCC
20271 AR KA 30.45 Mb, G+C &84 57.64%. R+ EF 5704 NMEA YR
P HER, o5 LR 4K 1 36.91%, 2R 14w 5 24 K P35+ & 2y 1970 bp. T. cutaneum ACCC
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20271 R KA FEH 925 NMEMmIYL RNA, HREKRH LK) 0.28%. Hr tRNA gnfid it
Ko~ 915 />, snoRNA. snRNA 73714 2. 61, miRNA. antisense RNA ¥4 1 /.

K31 HELEST
Table 3-1 Statistical result of data filtering

Sample Library Raw Data Clean Data Coverage(®*
Pi PE360 913,877,948 628,069,962 25

Pi PE400 1,199,144,970 997,421,043 40

Pi PE700 2,114,584,640 1,100,232,124 44

Pi MP8K 969,526,656 812,858,431 33

Summary 5197,134,214 3,538,581,560 142

*: Coverage #& 5K 4 K /N Ry 25 Mb SRR3R
*: Coverage was calculated baed on the genome size of 25 Mb

% 3-2 T cutaneum ACCC 20271 ZE A #E MW IR L
Table 3-2  Assembly result of the T. cutaneum ACCC 20271 genome

Property Contigs Scaffolds
Total sequence number 923 22
Shortest (bp) 534 2,356
Longest (bp) 332,954 6,933,627
N20 923 6,933,627
N50 101,228 5,629,136
N90 17,316 1,409,272
N number 0 273,242
N rate 0 0.89%
Total sequence length 30,446,464 30,446,464
GC content 57.64% 57.64%
Sequences greater than 1 kb 22 22

2016 4F H AL B ST E ar B2 R 0 A A 1 T, cutaneum JCM 1462 HI 7
45, Genbank 3KH(%: BCKU00000000.1; [ fE VTPl K2#4ki& 1 T. cutaneum B3
JERIZH 0 PP 45 5, Genbank 3KEX 5 : LRUG00000000.1. T. cutaneum JCM 1462, T.
cutaneum B3 FE[AZH K43 4 23.16 Mb. 38.7 Mb. T. cutaneum JCM 1462 FE K4 1L
T. cutaneum ACCC 20271 F#E[X 417N 8.29 Mb, T. cutaneum B3 & [X 2 Lt T. cutaneum ACCC
20271 K 8.25 Mb; T. cutaneum JCM 1462 JE[KZH GC% 7 &M 61.9%. {H & 1X ¥ bk B}
FERHF RS ik R Ao

R. toruloides. Y. lipolytica /% T. oleaginousus #& =#k%& A i g B2 £, JFHE
28505t FLHE R 5 S RS AT 1 120 272401 Genbank H = ki (13 [H1 41 Genbank
FIFRELS 73 51 % LNQQ00000000.1. GCA 000002525.1. JZUH00000000.1. 455/ Hu
ceUSTRa IR I8 R, toruloides 2 AC ST 27 4 2R IFINHI Wit 2 R B bk FTUAA ST T.
cutaneum ACCC 20271 f#)3E K 2H 53X = #k i Jg B BEEAT T LL X .
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% 3-3 T.cutaneum ACCC 20271 R 4H— R4S 4E
Table 3-3 General features of the T. cutaneum ACCC 20271 genome

General features T. cutaneum ACCC 20271
Length (bp) 30,446,464
GC content(%) 57.64
Protein-coding gene number 5704
Coding region of genome (%) 36.91

Total number of predicted ORFs 5704

Stable RNA (percent of genome) 0.28

tRNA 915
snoRNA 2

miRNA 1

SNRNA 6

Antisense RNA 1
Properties of predicted gene models No. of genes
KEGG alignment 5503
KOG/COG assignment 2901

KO assignment 6415

GO assignment 2113
InterPro signature 8740

Signal peptide 2041
Transmembrane domain 2286

3.3.2 T.cutaneum ACCC 20271 JE K Th A T 1573 Hr 45 51
3.3.21 COG Jhfgnk
COG K rés &M, T. cutaneum ACCC 20271 FL47 2901 ANE& A 43k K 2 AT

COG %'y, 44T 25 NIReREH, WK 3-4. Hof 756 NMEERNEA —IIRE,
S 103 N ARFTIRESE A . HIE] 3-1 I AL, FEFTA COG 432K, COG 2K R (B4
ThRETIM, General function prediction only). E (& 325 iz f14C1, Amino acid transport
and metabolism). G (BR/K{L & W55 2 F4CH, Carbohydrate transport and metabolism). J
(BRI AZHEAR g5/ A A0 4k,, Translation, ribosomal structure and biogenesis). P (JE#L
B ik AR, Inorganic ion transport and metabolism) Frish & 3 i) 85 (A 4w s 3L R % H
X Z, 338 18.52%. 10.75%. 8.25%. 6.51%. 6.47%.
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2 3-4 T.cutaneum ACCC 20271 3 H T8 R HK 4T
Table 3-4 Functional categories of predicted genes in T. cutaneum ACCC 20271 genome

COG Group COG Name Number Number %

Information storage and processing

J Translation, ribosomal structure and biogenesis 266 6.51%

K Transcription 225 5.51%

L Replication, recombination and repair 232 5.68%

Cellular processes

D Cell cycle control, cell division, chromosome partitioning 70 1.71%

V Defense mechanisms 39 0.96%

T Signal transduction mechanisms 144 3.53%

M Cell wall/membrane/envelope biogenesis 66 1.62%

N Cell motility 3 0.07%

U Intracellular trafficking, secretion, and vesicular transport 80 1.96%

O Posttranslational modification, protein turnover, chaperones 229 5.61%

Metabolism

C Energy production and conversion 196 4.80%

G Carbohydrate transport and metabolism 337 8.25%

E Amino acid transport and metabolism 439 10.75%

F Nucleotide transport and metabolism 65 1.59%

H Coenzyme transport and metabolism 118 2.89%

| Lipid transport and metabolism 189 4.63%

P Inorganic ion transport and metabolism 264 6.47%
Secondary  metabolites  biosynthesis, transport and

Q ) 151 3.70%
catabolism

Poorly characterized

R General function prediction only 756 18.52%

S Function unknown 103 2.52%

Percentages Of Matched Genes

20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

ABCDEFGHI JKLMNOPQRSTUVYZ
COG Group

Bl 3-1 T.cutaneum ACCC 20271 R4 K COG ThignKE
Figure 3-1 COG functional classification of T. cutaneum ACCC 20271 genome
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3.3.22 GO Mifgmnk

Gene Ontology (GO) & 3t #5 =4 ontology , 4 H filfi i& % & 1) 2 7 ¥ e
(molecularfunction). FTAL 4047 & (cellular component). 2 542434 F2 (biological
process). GOSIlim, ‘E#ft 7 HEFH GO FERIIMIRES L. T. cutaneum ACCC 20271
[ GO VERE4E H LA 3-2. T. cutaneum ACCC 20271 3£ N4 GO vER(S Bt f 2112 4%
. Hod A Wit B 2y 2 b A W i B2 (biological_process) . 4 i &AL & 0 A W it 7
(cellular nitrogen compound metabolic process). =474 it #2 (biosynthetic process). /N3
F AT i #2 (small molecule metabolic process). #% iz (transport) . {1t i #% (catabolic
process) ## P&(translation) 54 42 = R LGB s 4B B TT A 23 28 48 i (cell) . B (intracellular)
41 il %5 (organelle) . 4 i 53 (cytoplasm) o5 A %2 1 Le 5l s 4+ Dhe 4 28 vh 4 1 D e
(molecular_function). ¥4 (ion binding). %A f£.14 Ji7 i 7% P (oxidoreductase activity) 5 2 =
e, Bk 5 A R R TR R, OOV T, T IhRE AR
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33.2.3 HASMILRE K KEGG

T. cutaneum ACCC 20271 43X 4 KEGG Pathway 4iit4i R anld 3-3 fis. £ T.
cutaneum ACCC 20271 43[4 KEGG Pathway vERH L4 1854 NERF 2 5 T 4L 313 4
Rz, Hd 2 5 ERA I (Amino acid metabolism (Metabolism)) 135 H 5 B %,
9 353 A, HR NBRIK AL &4t (Carbohydrate metabolism (Metabolism)), ¥ 290 4, %
5 faAX 1 (Lipid metabolism (Metabolism)) >4 171 4~

Xenobiotics biodegradation and metabolism (Metabolism)
Transport and catabolism (Cellular Processes)
Translation (Genetic Information Processing)
Transcription (Genetic Information Processing)
Substance dependence (Human Diseases)
Signaling molecules and interaction (Environmental Information..
Signal transduction (Environmental Information Processing)
Sensory system (Organismal Systems)
Replication and repair (Genetic Information Processing)
Overview (Metabolism)
Nucleotide metabolism (Metabolism)
Neurodegenerative diseases (Human Diseases)
Nervous system (Organismal Systems)
Metabolism of terpenoids and polyketides (Metabolism)
Metabolism of other amino acids (Metabolism)
Metabolism of cofactors and vitamins (Metabolism)
Membrane transport (Environmental Information Processing)
Lipid metabolism (Metabolism)
Infectious diseases (Human Diseases)
Immune system (Organismal Systems)
Immune diseases (Human Diseases)
Glycan biosynthesis and metabolism (Metabolism)
Folding, sorting and degradation (Genetic Information..
Excretory system (Organismal Systems)
Environmental adaptation (Organismal Systems)
Energy metabolism (Metabolism)
Endocrine system (Organismal Systems)
Endocrine and metabolic diseases (Human Diseases)
Digestive system (Organismal Systems)
Development (Organismal Systems)
Circulatory system (Organismal Systems)
Cell motility (Cellular Processes)
Cell growth and death (Cellular Processes)
Cell communication (Cellular Processes)
Cardiovascular diseases (Human Diseases)
Carbohydrate metabolism (Metabolism)
Cancers (Human Diseases)
Biosynthesis of other secondary metabolites (Metabolism)
Amino acid metabolism (Metabolism)

0 50 100 150 200 250 300 350 400
Number Of Matched Genes

& 3-3 T.cutaneum ACCC 20271 24 KEGG Zhfg /K&
Figure 3-3 KEGG function analysis of T. cutaneum ACCC 20271 genome

333 AT

L F VR A AT L M, 45 5 LIK 3-4. T. cutaneum ACCC 20271 (pi)i#)E T
Trichosporon J&. fEFTXT L JLANEH, 5 Rhodotorula R4 ¢ Rmilr, H XN
Rhodotorula. Yarrowia 5%, HA12g4k R &Ix )&y Candida.

100 Scheffersomyces

100 L—— Meyerozyma
Saccharomyces
100 Torulaspora
£ Zygosaccharomyces
Yarrowia

100 Rhodosporidium

L Rhodotorula
100 — Trichosporon
100 L——pi
A
0.1

& 3-4 ETFIRE BB 2T

Figure 3-4 Evolutionary tree based on the homologous proteins



LHRIPT KPP HLEMBC 57 71

3.3.4  H AR i i A Bk AR
H T T. cutaneum ACCC 20271 Jy—ilifleMeEE, B AN BRI RIEE ), Mok
B A A NI O EAT T b, IRHE BRI R R AL, HEDN T BEREAR . TCA
TEIR BB IEAE . IRWIIR A R H I =B & AR R B-E 4k CLEERR IR SEAR
WAL, WK 35 Fis.

X TG A R R, Bl AR I8 12 1) DR 32 R SR HE DU R R, TCA JB IR ITE & i ATP.
FrE R S NAD(PYH 77 TH R 4% B BEAE F o 20k P AT A5 Il iod A8 R — 1 SR R 28 AR T 1dE N
Mg . 7 ATP-F7 A5 IR 2L M filE (ACL, Trecu_05047)HIEAL T, ki e 24 A i .k -CoA
MW LW AR T H T RN & U O -CoA F 22 RIE T ATP-HTIRIR R
f#EE(ACL, Trcu_05047) AL 2ty k1Y), ZE-CoA ¥ 1kHE 1 (ACC1, Trcu_04595)
TG ZE-CoA [IFRL SR LA B —E-CoA, UG G T R & B I 55 — b e w1248
JE TR & Wi (FAS) B4 57 5 g 1D B B A IR B 3R S B, RV AE & E-CoA A1 NADPH A4
FRI%EE-CoA. LA FAS — M4 AW B TR, 2 DhResia s T 28, FE
i) FAS JB T 11 A, FZRH 8 MRS, H 2 MWL 1 AL kg, T.
cutaneum ACCC 20271 ] FAS s& 1 B (Trcu_00520). o (Trcu_00529) 5NV 344 il AE B
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T. cutaneum ACCC 20271 JIgJlij 2 2 A G il IR It -CoA 2 M F i (Trecu_03332). Q-6
FEFEF(Treu_00713). A-12 EHFIEF(Trcu_01046). A-8 LMIAIEF(Treu_02313).
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Figure 3-5 Central and lipid metabolism pathways of T. cutanuem ACCC 20271

Purple: glycolysis; blue: the pentose phosphate pathway; yellow: xylose, arabinose metabolism; olive: fatty
acid synthesis; green: phospholipid, triglyceride synthesis; pink: the 3-oxidation of fatty acid
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Table 3-5 Key enzymes encoding genes of lipogenesis in T. cutaneum ACCC 20271, R. toruloides NP11, Y. lipolytica CLIB122 and T. oleaginous 1CB0246.

Abbrev Enzvine EC T. cutaneum R. toruloides Y. lipolytica T.oleaginosus

iation y number  NO.  Locus NO.  Locus NO. Locus NO. Locus

IDP1 isocitrate dehydrogenase  1.1.1.42 1 Trcu_00627 1 RHTO 04315 1 YALIO F04095g 1 CC85DRAFT_283698

IDH1  isocitrate dehydrogenase  1.1.1.41 1 Trcu_02014 1 RHTO 01289 1 YALIO E05137g 1 CC85DRAFT_283698
isocitrate dehydrogenase

IDH2 (NAD+) 11141 1 Trcu 01945 1 RHTO 01290 1 YALIO D06303g 1 CC85DRAFT_282327

ACL ATP citrate (pro-S)-lyase  2.3.3.8 1 Trcu_05047 1 RHTO 03915 1 YALIO_E00638g 1 CC85DRAFT_300658
acetyl-CoA carboxylase /

ACC1 o 6.4.1.2 1 Trcu_04595 1 RHTO_ 02004 1 YALIO_C11407g 1 CC85DRAFT_329998
biotin carboxylase - - - -
malate dehydrogenase

ME (oxaloacetate-decarboxyl 1.1.1.40 1 Trcu 00011 1 RHTO 03795 1 YALIO_E18634g 1 CC85DRAFT 285398
ating) (NADP+)
malate dehydrogenase,

MDH1 . i 11137 1 Rrcu_00187 1 RHTO_ 04363 1 YALIO_D16753g 1 CC85DRAFT_285398
mitochondrial - - - -

MDH2 malate dehydrogenase 11137 1 Trcu_00254 1 RHTO_ 03745 1 YALIO_E14190g / /
malate dehydrogenase Trcu_01702

MAE1 (oxaloacetate-decarboxyl 1.1.1.38 2 , 1 RHTO 07218 1 YALIO E18634g 1 CC85DRAFT_289494
ating) Trcu_05516
lucose-6-phosphate

wg 9 pnosp 11149 1 Trcu 05648 1 RHTO 07853 1  YALIO E22649g 1  CC85DRAFT 300435
1-dehydrogenase
6-phosphogluconate

GND O PosPnog 11144 1 Treu 02851 1 RHTO 02788 1  YALIO B15598y 1  CC85DRAFT 307888
dehydrogenase
fatty acid synthase

FAS1 y ) y i 23186 1 Trcu_00520 1 RHTO 02032 1 YALIOB15059¢ 1 CC85DRAFT_330866
subunit beta, fungi type
fatty acid synthase

FAS2 Y y 23186 1 Trcu_00529 1 RHTO 02139 1 YALIO B19382g 1 CC85DRAFT_279681

subunit alpha, fungi type
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phospholipid:diacylglycer

LRO1 231158 1 Trcu_05085 1 RHTO 01945 1 YALIO_E16797g 1 CC85DRAFT_331590
ol acyltransferase
diacylglycerol

DGA1l 23120 1 Trcu_03536 1 RHTO 01962 1 YALIO E32769g 1 CC85DRAFT_283512
O-acyltransferase 1
glycerol-3-phosphate
O-acyltransferase /

GAT1 23115 1 Trcu_ 04305 1 RHTO 03058 1 YALIOC00209g 1 CC85DRAFT_259482

dihydroxyacetone
phosphate acyltransferase
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A 5%, EERFEMIKIAKTE, B AMP & EE(K, ADP fl ATP 1 &®=IFEAF LI,
111 A i B R AE BR S AE R () AMP & BAUE D BRI, R Z B E AMP & il
(Trcu_04325)FIfEH T, K¢ AMP H AL ANIE —#EER (Inosine monophosphate, IMP) Az NH4*
DAL B A0 15 3 A K B AR, W S B0 AT AMP ) S A6 R i Sl (1D HY,
Trcu_02014; IDH2, Trcu_01945) B FEAIK, (143 AT IR AT BRAE S RiiA N RAR . 4L
RN AT 2] BRI o I e R AR T i N, (E ACL HIAEFH N 243 £ i 2 Bk -CoA H
THEWIER A G R Fi5h, BERZ AT 7 M R B RO N, R TRCR 7 A
W) (14 FELES B 4 o 19 208, i pay s SRR B 2 B AE 45 SRR B AU (GDH1, Treu_04903;
GDH2, Trcu_02909)F14+ & k% & BB (GLNL, Trcu_01838; GLN2, Trcu_03031)I1EH T
el A A S IR AN S R A 1200 207, (B FE T, cutaneum ACCC 20271 &[R4 F %47
1 57 i1k OHCU (2-2-0x0-4-hydroxy-4-carboxy-5-ureidoimidazoline) # 1t 4 il /X & & 1)
OHCU i 2B, i 7E NCBI Hdfs B rp LU X, & B —1B € d H (Treu_03062) 55 1 () AHBA
PEfrs, AIRERIEMEALIZE SN D fE .

R ek JoF B AR R E AR, 59 A0 R Uk = 1 o — Rk
J5 N7 B[R 3 77 3 rh /b B IR AN S IR AN S R Bk I, DAL R (R & O9T 7 IR R O,
Kourist 2£(2015) 21 zhu 24(2012) %1 Morin 25(2011) P°135) % 30 47 3¢ i S 0, 36 2 L 1R
N BN SV s R E R Z N K EZA/EA, B T. cutaneum ACCC 20271
] Trcu_02054. Trcu_02140. Trcu_03700. Trcu_00883. Trcu_01119. Trcu_02199.

RER. BEAR. REBRNRE S HER LR ISR BFaE. JREFISHEN
YER R EMR A, W& 3-6 fiz. T. cutaneum ACCC 20271 Ha LB sk ik is 4k
PR Z IR gL FE R B2 o 164 2. 1. 5 R. toruloides NP11 11 T. oleaginosus 1BC0246
FHEE, =ik i Mg A 2 DR PR AN SR AR 24 1. T Y. lipolytica CLIB122 f% L R ¥ 12 7k J
fdh 32 DRI S00H S22 /0 1 ot =Ry R BF, 108 5 12 R i S IR /N 8 2 5 oAt = kv g 2
(£ 3-6) -

FEL P B R 38 ZE FE IR (URE, Treu_02582, Treu_02586)HIAE I R AL AR %, HEA
HOEAR S, BE R R IR AR 1 (GDH1, Treu_04903)(I1EH T AR &R, HEH
RS TE(GLND, Treu_01838; GLN2, Treu_03031) A4 s @Bk e, T EENE
FACH . 4R R T 2B E R & (GLTL, Trcu_00619; GLT2,Trcu_03847). B4R
fii AU 2 (GDH2, Treu_02909)ff1E F T #4546 9 e o
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Table 3-6  Genes encoding amino acid transport, ammonium transporter and urea transporter in T. cutaneum ACCC 20271, R. toruloides NP11, Y. lipolytica
CLIB122 and T. oleaginosus 1BC0246

T. cutaneum ACCC 20271 R. toruloides NP11 Y. lipolytica CLIB122 T. oleaginosus IBC0246
Numbers and Locus Numbers and Locus  Numbers and Locus Numbers and Locus
Amoni acid 16 Trcu 00010, Trcu 00015, 3 ~RHTO 00398, 2 YALIOE 22506g, 18 CC85DRAFT_319866, CC85DRAFT 238395,
transporter Trcu_00070, Trcu_00076, RHTO_00931, YALIOE_10637 CC85DRAFT_283316, CC85DRAFT_326270,
Trcu_00078, Trcu_00844, RHTO_01882 CC85DRAFT_283343, CC85DRAFT_284170,
Trcu_01504, Trcu_01522, CC85DRAFT_272125, CC85DRAFT_295918,
Trcu_01637, Trcu_02151, CCB85DRAFT_272296, CC85DRAFT_284566,
Trcu_02571, Trcu_02760, CC85DRAFT_292086, CC85DRAFT_308064,
Trcu_03770, Trcu_04014, CC85DRAFT_285678, CC85DRAFT_329159,
Trcu_04539, Trcu_05602 CCB85DRAFT_288223, CC85DRAFT_288831,
CC85DRAFT_305911, CC85DRAFT_33172
Ammonium 2 Trcu 02054, 2 RHTO_ 01680, 5 YALIO_A19228g, 2 CC85DRAFT_302913,
transporter Trcu_02091 RHTO 01846 YALIO_F16896g, CC85DRAFT_69276

YALIO_E27203g,

YALIO_B13794g,

YALIO_F12925g,

YALIO_A02244g
Urea 1 Trcu_01119 2 RHTO_00113 3  YALIOA02244p, 1 CC85DRAFT_161533
transporter RHTO_04944 YALIOC15807p,

YALIOB04202p
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3.3.6 T.cutaneum ACCC 20271 HH A it £F 4 2 RIS H A Uit 2% A%

HT T. cutaneum ACCC 20271 #l WA e 1 J B R4S B 5 SR, A 75 $M |
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MR E(ERERE. T AR, 4-FE KW EE)2E N B LA SR 40 4 AR B R A
3.3.6.1 BRI

T. cutaneum ACCC 20271 7R A (BELEBF(NADY). Bl & B (NADPY) Ji%E
Bl B Zn-HOmU R i I B . I M SRR A LA I AR D BRI R (BEL R
Bl 2L R D AR A SR B VR T, BRI HME 7] 23 7] 5 i A B A 554 HY B p
B, FF HAZ IR B A2 n] ), £EIX SR 1) /R B RRE AT 5-52 Y B BRI mT DL P36 A0 o M |
HMF. 7EfEl Sl (B EE(NADP) . KR AR D-FLEMAN. fE 0 _R¥P
FEE U0 ST SR M SR PR S R BRI AN HMF 35 R 4% A0 AR A 5-52 H
FEmR2 B R 37 Fon . BERE . HMF AR A B B 21 B A T B P I 1) 2 7%
FERI AR 3-70 UBRER . 5-7% F AR IR A e — BURINT , Lk B2 I AN Bt 1 = I ) (1 2 K<
M/, ULEH T. cutaneum ACCC 20271 ANREFEMERRER A 5-F2 FH LM IR . WO A HMF
(R ZARU = RIS . BRI AN -2 AR ERMRmE . 5-2 ARG (1B 2-12, 2-14). 5-FH
SERRIR F AU = M) — PR IR -2,5- 3R IR AN RERE T. cutaneum ACCC 20271 i (& 2-17),
HE—ZEE T T. cutaneum ACCC 20271 1 HMF 4T 1E 45 T 5-3% FF EEHE R .
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Figure 3-7 The degradation pathways of furan and HMF in T. cutaneum ACCC 20271
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% 3-7 T.cutaneum ACCC 20271 R.toruloides NP11. Y. lipolytica CLIB122 1 T. oleaginous 1CB0246 5 Bk FRiBE A0 fy BE AR BT A e 2 A
Table 3-7 Genes involved in furan aldehydes and phenolic aldehydes degradation in T. cutaneum ACCC 20271, R. toruloides NP11, Y.
lipolytica CLIB122 and T. oleaginous ICB0246

Encoding enzymes T. cutaneum ACCC 20271 R. toruloides NP11 Y. lipolytica CL1B122 T. oleaginosus 1CB0246
Numbers and locus Numbers and locus Numbers and locus Numbers and locus

Alcohol dehydrogenases

alcohol dehydrogenase (NAD") 18  Trcu_00103, 8 RHTO_00513, 1 YALIOE17787g 5 CC85DRAFT_301122,
Trcu_00411, RHTO_00517, CC85DRAFT_286228,
Trcu_02229, RHTO_03062, CC85DRAFT_288323,
Trcu_02501, RHTO_03098, CC85DRAFT_285125,
Trcu_04032, RHTO_04685, CC85DRAFT_165394
Trcu_04134, RHTO_01725,
Trcu_00679, RHTO_02519,
Trcu_00347, RHTO_03798
Trcu_00109,
Trcu_00589,
Trcu_00604,
Trcu_00714,
Trcu_01328,
Trcu_02221,
Trcu_02684,
Trcu_04134,
Trcu_04221,
Trcu_04303
alcohol dehydrogenase 4 Trcu_01821, 2 RHTO_01922, 1 YALI0B16192g
(NADP™) Trcu_04946, RHTO_01930,
Trcu_00053,
Trcu_00098
Short-chain alcohol 5 Trcu_01507, [ / / / /
dehydrogenase Trcu_04730,
Trcu_04786,
Trcu_04816,
Trcu_05676




366 7 LHRBT KPS

Zn-dependent alcohol 13  Trcu 00053, 9 RHTO 04635, 5 YALIO_D25630g, 3 CC85DRAFT 272173,
dehydrogenases Trcu_00098, RHTO_07889, YALIO_A15147g, CC85DRAFT_285852,
Trcu_00411, RHTO_00661, YALIO_A16379g, CC85DRAFT_327221
Trcu_02229, RHTO_01633, YALIO_E12463g,
Trcu_02501, RHTO_03808, YALIO_EO07766g
Trcu_04032, RHTO_03847,
Trcu_04134, RHTO_03880
Trcu_04221, RHTO_04424,
Trcu_04303, RHTO_04424
Trcu_04946,
Trcu_00103,
Trcu_02195,
Trcu_01654
Alcohol dehydrogenase / / 2 RHTO_00263, / / 1 CC85DRAFT_282431
(iron-type) RHTO_04708
Other alcohol dehydrogenase / / 5 RHTO_02673, 1 YALIO_F09603g, 2 CC85DRAFT_271749,
RHTO_03075, CC85DRAFT_264068
RHTO_06892,
RHTO_03559,
RHTO_05962
Aldehyde reductases
Aldehyde reductase 4 Trcu_01328, 2 RHTO_03964, / / 2 CC85DRAFT_300021,
Trcu_01463, RHTO_03032 CC85DRAFT_249059
Trcu_01821,
Trcu_03118
Semialdehyde reductase 2 Trcu_01507, [ / / / /
Trcu_05676
Aldo/keto reductase 13 Trcu_03868, 3 RHTO_ 00641, 13 YALIO_DO07634qg, 15 CC85DRAFT_282180,
Trcu_00463, RHTO_06555, YALIO_F18590g, CC85DRAFT_151847,
Trcu_00843, RHTO_03963 YALIO_A15906¢, CC85DRAFT_284302,
Trcu_01328, YALIO_E18348g, CC85DRAFT_284949,
Trcu_01410, YALIO_B07117g, CC85DRAFT_318912,
Trcu_01463, YALIO_A19910g, CC85DRAFT_285592,
Trcu_01821, YALIO_C00319g, CC85DRAFT_285664,
Trcu_01822, YALIO_D04092g, CC85DRAFT_232176,

Trcu_01943, YALIO_B21780g, CC85DRAFT 247936,
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Trcu_02999, YALIO_C09119¢, CC85DRAFT_262565,
Trcu_03519, YALIO_F06974qg, CC85DRAFT_329428,
Trcu_03746, YALIO_C13508g, CC85DRAFT_147886,
Trcu_05608, YALIO_B15268g CC85DRAFT_287572,
Trcu_01943 CC85DRAFT_264235,
CC85DRAFT_287865
Aldehyde dehydrogenases
Aldehyde dehydrogenase 26  Trcu 03118, 1 RHTO_00119, 14 YALIO_F23793g, 14 CC85DRAFT_294805,
(NAD(P)") Trcu 01234, 0 RHTO_06090, YALIO_E15400g, CC85DRAFT_283248,
Trcu 01775, RHTO_06724, YALIO _B01298g, CC85DRAFT_256663,
Trcu_02638, RHTO_01654, YALIO_A17875g, CC85DRAFT_283984,
Trcu_00064, RHTO_03710, YALIO_F26191g, CC85DRAFT_284080,
Trcu_00068, RHTO_04310, YALIO_B09647g, CC85DRAFT_272549,
Trcu 01234, RHTO_04425, YALIO_C01859g, CC85DRAFT_259523,
Trcu_01775, RHTO_04543, YALIO_E30481g, CC85DRAFT_302667,
Trcu_02569, RHTO_05680, YALIO_E11341g, CC85DRAFT_329114,
Trcu_02638, RHTO_05838 YALIO_A19448g, CC85DRAFT_277397,
Trcu_02661, YALIO_C03025g, CC85DRAFT_287487,
Trcu_03118, YALIO_E00264g, CC85DRAFT_287882,
Trcu_03765, YALIO_F04444q, CC85DRAFT_287961,
Trcu_03855, YALIO_D07942g CC85DRAFT_200477,
Trcu_03870,
Trcu_04064,
Trcu_04141,
Trcu_04359,
Trcu_04385,
Trcu_04408,
Trcu_05408,
Trcu_05469,
Trcu_05623,
Trcu 04141,
Trcu_00404,
Trcu_05610
Salicylaldehyde dehydrogenase 2 Trcu_03855, 5 RHTO_00385, 6 CC85DRAFT_283363,
Trcu_04531 RHTO_06811, CC85DRAFT_272464,
RHTO_01494, CC85DRAFT_327950,
RHTO_02062, CC85DRAFT_263114,
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RHTO_05993 CC85DRAFT_330956,
CC85DRAFT_288983
D-lactaldehyde dehydrogenase / 1 RHTO_03406 / / /
Aminoadipate-semialdehyde Trcu_05610, [ / / /
dehydrogenase Trcu_01477
Betaine aldehyde Trcu_04408 [ / / /
dehydrogenase
Semialdehyde dehydrogenase Trcu_00064, [ / / /
Trcu_00404,
Trcu_04064,
Trcu_04737,
Trcu_05408,
Trcu_05469,
Trcu_05543,
Trcu_02661
Oxidases
Alcohol oxidase / 2 RHTO_01165, YALIO_B14014g 2 CC85DRAFT_317844,
RHTO_02441 CC85DRAFT_233638
Vanillyl alcohol oxidase Trcu_03959 2 RHTO_01165, / / /
RHTO_02441
Glucose oxidase Trcu_01554 [ / / /
Choline oxidase Trcu_04415 1 RHTO_06508 / 1 CC85DRAFT 283985
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EALEE. B S BERER, W& 3-7. T. cutaneum ACCC 20271 3t 101 MK 4w L FE A,
HoA L5 40 AN R SN2 DR (18 1 NAD-+ 1 A5 28 1 it ot — 4 st 284 T Jld S50 )« 19 Mg ik
JREGFER (4 NS R B, 2 D20 JE R, 13 DN ). 3 MNEALEE(L AR
AALEE. LAV ERE. L AR 39 ANEE I A B IE N (26 MM E B R. 2 MK
it i S 2 A O R Y I I L L S e o S 8 P 1 i AU ) - 17 R. toruloides .
Y. lipolytica. T. oleaginosus FIEZME M. BEIOJENE . BEE SR 3 S5/ 10 g iis 3 [R50 34
/bF T. cutaneum ACCC 20271. R.toruloides. Y. lipolytica. T. oleaginosus &% i & B %
A JEUR T R SRS IR A 26 TR AN 804399 R. toruloides: 27+ 7. 16 Y. lipolytica: 8. 13.
14; T.oleaginosus: 11. 17. 20.

FEAM A A Y 22 B S D 7R B NAD(P)H 2 5 . 4% Almeida 2201
Allen 2122 Nguyen £ 15545 5 NAD(P)H 7E S. cerevisiae i 52 A i 21 24 25 Sk I 401 41
M AR b R E AR . AU AR AT T R, TROBE R IR 1% 4% (PPP) 2 4 U K
PR B IR J5 7 (0 32 B ey [2042%8], I H YRR PPP 2 pi (220 267) | o v g 12831 e it o 7
NADPH ) 3= 2RI, I rb 6 ) 4 -6 -1 1R Mt S B (ZWF) 612 I T b R it 0B (GNID)
D% BB -5-To % 3-2 [f1] S M (RPE) « %4 B W (T KL) 5 314 AR A B e 3R 1232 2681
AJA1 T. cutaneum ACCC 20271 1 [ bl R 1542 i NADPH B H T B Wi BR i & 1, 7
I B A R AR A
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Figure 3-8 The degradation pathways of vanillin, syringaldehyde and 4-hydroxybenzaldehyde in T.

cutaneum ACCC 20271
—> respects metabolism pathways proved by experiment;
speculated according to experiment results, genome annotation and correspongding reports ;

—=>, --7%™ yespects multi-step of metabolism pathway

- - - ® respects metabolism pathways

3.3.6.3 FHMRFEINHIY)
7E FP R i S (Treu_03671) (VEFH T, FH R M AR AL 9 — SR Ak B K 2%, 4 2. 1E-CoA
4§ (Trcu_03003. Trcu_00570. Trcu_02518)Hifiifk, ZBREALAE AL L WE-CoA Ff e 28t

A TCA 18, & 3-9 k.
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Figure 3-9 The degradation pathways of fromic acid and acetic acid in T. cutaneum ACCC 20271

3.4 /N

NERFT T. cutaneum ACCC 20271 a2 28 SO A 5t 21 4E 2 K5 40 4 B e = it
ZRESIHINUE], XFIHREAT TR . B R AR LIRS R RN AERE R
FHZESCHERHEN T T. cutaneum ACCC 20271 HHIM I B 42 . 5 E3ILL R LA 18

(1) T. cutaneum ACCC 20271 F:[F 2 4t 30.45 Mb, GC & &4 57.64%. & HYmhid3E
RI3t 5704 4>, (AR ALK 36.91%, JEZwiD RNA J:[KN 925 A, jd@id i gtk it
4341 & B T. cutaneum ACCC 20271 3R J& T Trichosporon J&, 5 Rhodotorula f5E %%
Rl

(2) f#EL T T. cutaneum ACCC 20271 HHELHEH B AR T AR A TR N I A AR 5
PEAE, A OGRS e = MR IR EE R AT R A i e T AR S TR A R
ZIEIMIR R W HT T ARRE . BT AR N SO B R 15 12 AR B 422

(3) BT = F MR WA 2045 T JE PR A VR R SCHRIRIE , HED TR . HMF,
HIR. MR, FEEE. THBEM 4-F2F KX EELE T. cutaneum ACCC 20271 FIfRIT K AE .
FEER B T A A SCHE dmbD 2L (K], IF 5 HoAth = Fkib AE B REEAT EL X . T. cutaneum ACCC
20271 AR 32 1 TT Be SRR T HR 2 B R . AT DG BE A
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BATE RURLMEREIF RTH R OB LB LK E R EYmAE

41 5|5

AHEKPEHFEREFRM, iR 4G5 75 % & (Chemical oxygen
demand, COD), H5 A5 Wl it G SR B e g it i i oh ™ B I 3R 58 s elet
22 3t HK R ARbR S B A PR 4 AR BT R AE BRI RS, SEUEHE T 2% 44, HlA
B BT RIKPE SR IR . B, B EAE MY AERK IR 8 STk
TE I T AT A P T Sl R B IR K A R UAE it is I8 REA B T CBE L I BSUAS (9]
V. AR TEITMEY KFEREIKE KH COD KA T % & (Biochemical oxygen
demand, BOD) 3B,

2rYE R LT H RTAEY BTREYE TR R BON BRI HOR , AMBEAESLES = Y5 B N 15 2
R T I B R BE N Tolk AR e B2, Gl IR AR B 2 B R e A KB
W EE COD (£ 125 g/L) I /K= AR P X e K vh & R Bk BR IR 25 A HLIR B R R
Y AL 5K R AR B B = 5, SBUR KB &, b SRR I
20-30%7 . 7, % B K AR AL FE,  EARIEE RIS YR . B FRTS YRS A EE T T Al R
1% 99%ff] COD. BOD. EiFW&iatrdt B — & B Pkl e, ERFEKE 3 A
F A2 A R TR R s A X e i M S P BT R TR R AL D R R 2 R
BE I K BB T S Tl A 7= 2 AR ML o

% [ [H 5 7] A= BE Y5 92 56 =5 (National Renewable Energy Laboratory, NREL)#& H! 1 £
R LMK F T ERS), B T RE AT AL B U A PR IR AL, LR K b
B ITEAGEES I T — e AR ek B, Bk R PRI CER ZBR . HAED,
WS TR A CEV 2. A LR BidiE (BB LR RIEE Y 2.
RBERGRRYD . RBFE TEMHELHER R 288D 28Kk (H/DNRIBIER R RS ds
PRSI i (D ZER IR HE B SCIFARHEBD AR O RIS ek .
B NI ah T 4R 4 3 OB K PR K A B R &%, 3@ ik X L 43 A B 13l FL i + ABR
(anaerobic baffled reactor) +UASB (upflow anaerobic sludge blanket reactor) +MBR
(membrane Bioreactor) 5 N #& HH 45 & [ 77 5 2 21 24 25 20 5 J9 7K Ab B8 (i ] 47k 7 e 279-281]

DURR R VE K BUOBE 2R N I S R I I /K 2H 53 N B —, FF HL R R 2 20 L
W) R T LE MR R AL, CAAIE S AR R BN R AR )R K Ab 3 5 9% Zhou S5 3E
THIH R. toruloides Y2 AbFE 2T 2 7K R 1 £ I T IR 7K S 2B = S A= 4 g RO It 7 7K
COD K FEAIL T 72.3%, BEBEMIAEYIR K A2 0 3.8 giL. 34.9% %, J4fiE
IR 22 #9 % B Trichosporon cutaneum CHO002 FI T. dermatis CHOO07 3.5, £ Ab 38 A il - ] /i -
LB RIEIRKHIRE ST, R/K COD WK JZ B IRAIK 1 68%, B RFAE W& [ &M #7318 4.9 g/
14.7%; 7.4 g/L. 13.5%* 1, H Fiis B B DUMCE Y A B AT 4 20 20 5% W IR K 4R
. FREEMZAgERE R B& 10 R IE RE W F AR 2 M E A B AR 4R K
TR K IR S BT E . T, cutaneum ANE B AR ] 2 Aloplizil™ 219, B R R 4T 4 %
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R Z A K R ig BARRE AU B, R R I R B i 2 1 B0, X e A Ny
HACPRA YR CWE KB R KERAL TR RE. (AR SRR =5 3.44).

AE 4y BT T. cutaneum ACCC 20271 AbHE 41 4 2 2,15 & T2 IR /K 11 R REE K A1)
RIKAE P E Y AR B BE 1. ORAL T. cutaneum ACCC 20271 AbFE 2 FE R EE R K. B
TG B RE IR %A, DU SRR BE I BRAIR R K (1) COD # B, #21& T. cutaneum ACCC 20271
AbER O RE R R K AR BR R, RSN SHE R AT . @FF 3 L KIS I
k47 T. cutaneum ACCC 20271 AbFRLT4E R L K RK . W is BRI O S5, 04 I
K& TR ARG H 2 COD HM ARSI @5 H AR IM AR U AE P Ab BEE K FE R 25 3,
ITHES AT . @EFYE R BRI R K4 T. cutaneum ACCC 20271 4b¥ 5, FAI 5K AL
PR AR 0 TR R R AT VR FE AL B DU B 8% d5 K FR B2 PR AIR PR 7K 1) COD B B)T. cutaneum
ACCC 20271 MM LT 4t R L1 KB K FRS 2R MR EAT H 0 0 #r, e 25wl
VEAE S A= () J50R) o AR S0 IR SR H 1 R FH I I T B b B A 4 38 2 R T P 7K T B
o, NTHIEA4EER GRE TR AR ZMEL . AR R A EER L.

4.2 SEISHAR

421 FhriEsz

] 2.3.1,
422 YRR OBEREEKPEE

T KFEAT & T AR TAALFE (] 2.3.2) )5 , &M fE Bl A. resinae ZN1 it # (] 2.3.3)
R TE AT 30% (Wiw)lE &g, W4 CTec2 A4 RM (WH HHRGELEVHEHARSA
BT, EIEED (EAGERE: 203.20 FPU/mL, 2F4E KI5 : 4900 CBU/mL 129220
EASE: 87.31mg/mL), BFFHEN4mg (BFEA) /g (4F4E%), 50°C. 150 rpm. pH
5.0 TIUEAL 12 ho $fh] R G 205 AHE 1) TF2 Bk Saccharomyces cerevisiae XH7 (i
L 2R oK 5 A Rk 2 e e P 0 AR A 1), RSB IE R % 96 h J5, RIEFRB AT K
kR 2% OBE. 10,000>g B0 10 8 AT R 03, EiBRVA4ER O RBEE K. 115°C
K 20 min J&5 % H

LR RERG TR 519 B (A Y R IR EE IR IK, 22 HPLC 43t 3 32 B i R i %0 B
KBt ZWR FIZEE, 43 94: 7.25. 11.52. 5.01. 3.43g/L. Mk, Sy &5 4 38.56.
521 g/L, COD iKRFE N 112.41 g/L. FT{S4F 4k LW R IR K oM R FE v A& T 15 R
IR R R CBEZENE L AR TR 2 B B T SO R RRR D T S B K 4

43 SEEJTVE

431 ERGHEARERE(HPLC) 24

KR A EE . ARKE. 2R, ZFF#E HPLC E & 4T. [ 3.3.10.
4.3.2 JRKEBPESENE

B3 mL BB Ja IR K 2o 2 )l E e, 0.2 mL 6 M HCIHEG )G, 121°C
SN 30 mine fFIRERKE SRS, 6 MNaOH il pH £ dEiFE A% 10 mL, BE
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B57, B2 mL BRI AT, DNS VENE B &5, RERES &,
4.3.3 RS &ENE

STy B PRI 5 SR AR AR R P KA B — U , BL 0.5 mL, %R0 1.0 mL 15%
(VIVIER B VETR, TR &5 5 DN 4.0 mL 1 M NaCOs = 35 F M 2 h J&, Wl 5E 765 nm
MR . PL 0.1 mg/mL F B FER AR 5 AN BEAH FE I bR 42
434 JFKH COD llsE

JEK A COD il e R H o A N R 3 A B R br it —— K i 2 R A E R e ——
HIRRME (FF15: 11914-1989).
435 R[EEFEEAFXS T. cutaneum ACCC 20271 kbHE 2,5 /& B 1R /K e S A= 40ih g BRI
Al

A5y SR IGAE 500 mL HEJE AR 2E1T, 256 50 mL BRI IE K, H2Rh &N 10% (VIv).
Ty AR T BRI TR R ZIREZ 73009 0.5 g/l MgSO47H20. 1.0 g/L KH2PO,4. 0.22
/L (NH4)2SO04 #11 0.5 g/L YE. T. cutaneum ACCC 20271 & /K H i35 7718 FF 5 30°C, ik
180 rpm, pH 5.0,
436 KEEGHESLLR

W 3 L KEEGEAT AN 40 9206 . ANIRINEFIE FREEYE, TAEAI 1L, HAbE
EIF 3.3.6.
437  BEARTE LRI E

M 2.3.7,
4.3.8 JAGH I E

A 2.3.8.
439 JRKIIIRBERA Y B R

SR V5 7K A PR B R0k IR A9 IS R PR K g — B AL B, BRI H B SR AR
FRA R, WoE HA &4 5110 g/l o ANE AT AT HoAl /M5 7 .30°C 180 rpm, pH 6.5~7.5,

4.4 ZER 5508

441 XS T. cutaneum ACCC 20271 AbFE 205 B % /K e A= 77 i A 4 v g £ 5 i

— %1 & T. cutaneum ACCC 20271 AR K 75 B 2 8 (1S, BRI IR EUKF 557
R IEMI K R W0 R IR T 2 4l A A 4K (ODgoo) 2 32 a1, 0 H R E A K] 1
AT NIE, IE 4-1a Fis. B35 E 96 h 2, 100~300 rpm #4384 K TR g,
I HLR5 9% 120 h BB R T E A Z A K. KB 120 h 5, 180 rpm f B 7R T 35 K3 i 7
e, 7098 19.96 g/l 2.61 g/L (& 4-1c), HAR B K. B EAK, N 20.77 g/L.
4.08 g/L (& 4-1b).

W 4-1 Fiow, R B IR 200 85 9% 120 h J5 /K B9 COD WK AL F&AK T 10.15%.
MAEAEF BIE IR, COD M XRBRZF RS T H AR 7M. 4 E 180 rpm i}, COD %
MR e, N 4A7.54%. % g 180 rpm J2& T. cutaneum ACCC 20271 i & /K A FE B

!
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TR AR = SR A

H & 4-2a AT %01, fE£BE T. cutaneum ACCC 20271 (A&, ZuBE A& B s /K T (176 %) b
fE 24 h NRIRT B 58 A FE R, A BELAE 50 70V #6,  7E 300 rpm IF () ACHE T #E B K,
9% 120 h, BEK iR S ARRE AN N 2.93 ofLo [RIF 7K F0 () 2% o 21 -t T o e i et (1)
4-2b), JLHIEAEREHE N 100~300 rpm B, 28R, ZEEXYRIEREARE. BB T. cutaneum
ACCC 20271 MHEE R ZIRIIRE ST, LR AL BT

35 7 (a) Cell growth
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25 - (c) Dry cell weight and lipid o - 35
1 8DCW OLipid C
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37 ] 20 3
2 E =
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&l 4-1 X T. cutaneum ACCC 20271 4 fa sk J ywh fig 4= 7= 2 il
(Q)4H A=K (ODgpo); () bl AL EY B 2% ()T K i
Figure 4-1 Effects of rotation speed on the cell growth and lipid production of T. cutaneum ACCC 20271
(a) cell growth (ODggg); (b) time course of total sugar and total phenolics; (c) dry cell weight and lipid
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(a) Glucose and xylose
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Figure 4-2 Time course of main compasion materials of ethanol fermentation wastewater treated by T.
cutaneum ACCC 20271 under different rotation speed
(a) time course of glucose and xylose; (b) time course of acetic acid and ethanol

& 4-1 BN T cutaneum ACCC 20271 F&fK /K COD HIgsm
Table 4-1 Effects of rotation speed on the COD reducing by T. cutaneum ACCC 20271

Rotation speed (rpm) COD atOh(g/L) COD at 120h (g/L)  Deduce value

0 95.69+5.28 85.9847.76 10.15%
100 97.748.13 65.5540.43 32.91%
180 102.87+0.81 53.9640.43 47.54%
250 88.5546.82 66.6044.24 24.79%
300 100.0043.25 60+2.16 39.94%

4.4.2 pH X T. cutaneum ACCC 20271 b P 2, F% % IR 7K B A P A= 4 dih Aig 14D 52 il

K ) pH £ 3~4 2 A, T. cutaneum ACCC 20271 B {44 K 52 51| B S (47 1],
B35 120 h 5 HEAT EAU N 1.43. 1.70 g/L. 24 pH JHE & 5~7 Z A A KRS B AT,
pH 6 i 72 h ff) ODego 1% 1| 29.60 (P 4-3a). &3t 120 h KIkEF 2 )5, pH 5 B BfA T &
A% 19.96 g/L, FH pH 5 FHHAR= B, A 261 g/l (B 4-3c). il pH F ks
R I ¥ 3E H T. cutaneum ACCC 20271 (A& Kl fig BLRH
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Figure 4-3 Effects of pH on the cell growth and lipid production of T. cutaneum ACCC 20271
(a) cell growth (ODgqq); (b) time course of total sugar and total phenolics; (c) dry cell weight and lipid

H11& 4-4a W50, POKH IR &IMEAE 24 h A RIATHOFE e 4, TARKEAEREAN 5 57 0
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BOZAB AR . 42 T. cutaneum ACCC 20271 43 120 h J&, B pH THE, FRARARE
BB EAC. pH 7 I ARFER A ERAL, N 049 g/l. pH 3. 41, RKKFHLR. L1
BPRAT W i . pH 5~7 I 1 LR A0 [ fift . pH 5 I Z 73] 4% 1.56 g/L, pH 6. 7 It}
¥y LA P g

F 4-3 KW pH3. 4 %M, &1k 120 h §53%)5, JK/K COD 18 KA 1R/ 1) B
SRR, TAE pH 5. 6. 7 MIRE, COD {4 MK T 47.54%. 37.26%. 32.64%,

pH 5 i} COD {H MK, UiBISFERYEM pH &4 G T T. cutaneum ACCC 20271 FEIK %
K ) COD 14 .

(a) Glucose and xylose
H

Xylose —— -8~
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Figure 4-4 Time course of main compasion materials of ethanol fermentation wastewater treated by T.
cutaneum ACCC 20271 under different pH
(a) time course of glucose and xylose; (b) time course of acetic acid and ethanol

# 4-2 pH Xt T. cutaneum ACCC 20271 [&fik /K COD KIgm
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Table 4-2 Effects of pH on the COD reducing by T. cutaneum ACCC 20271
pH COD at 0 h(g/L) COD at 120h (g/L)  Deduce value

3 102.3040.00 96.95+2.59 5.23%

4 99.4340.81 103.66+1.72 -4.26%
5 102.87+0.81 53.9640.43 47.54%
6 88.4543.38 55.49#4.31 37.26%
7 02.3340.42 62.2043.45 32.64%

4.4.3 EFEEXT T, cutaneum ACCC 20271 Ab¥E 2L & B I 7K S A= P21l A i g 1) 52 1)

NEBEARRINE FE B YE £ 7% T. cutaneum ACCC 20271 kb BE 2, 1% /% 1% 1 K A7 AE
S, E KHPOs MgSOs7H20. (NH4)2SO4 YE JLFVE FRYI b L Forp il —Hp, 2%
RNkl 4-5a Fron. 45 RRIEFRERIA XS T. cutaneum ACCC 20271 A K FF %A B
R . FEANAIN MgSO47HR0 B, BT B K e &3 &, 738 19.24, 2.11
g/L (Bl 4-5¢).

WK 4-6a Frzs, 1E 24 h P & FERI o] 3% H FE 58, 7EATINT(NH4)2SO04 BL YE B AHE
HARERC, H~1.87. 1.86 g/L. Kl 4-6b K, MR INEFRLBE YEXN LK. LR
B A A B S ) S

AT YE I, JE/KHh COD £ Fr# &, Ny 48.95%: MdI 1 B g 37 YE
i) COD X FEAIK 7 30.72%. {HIGIR2 MR INEFR#$HE# YE, T. cutaneum ACCC 20271
R9% 120 h Ja KKK COD {7 63.00~70.20 g/L 2 [f]. UL 35 b5k YE
TIRK 2 1) COD /K-F-kik, A BRI FE .

(a) Cell growth

2 4
30 MgSO,.7H,0

0 24 48 72 96 120
Time (h)
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Figure 4-5 Effects of salt or YE on the cell growth and lipid production of T. cutaneum ACCC 20271
(@) cell growth (ODgqg); (b) time course of total sugar and total phenolics; (c) dry cell weight and lipid

Glucose (g/L)

(a) Glucexed xylose

Xylose (g/L)
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(b) Acetic acid and ethanol

KHPO, — — + + + +
MgSO,7H,O0 — + — + + +
. ® (NH),s0, — + + — + +
- “YE - + + + - +
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5 4 Ethanol - g -4 x % -e-
s
N
@ 3
©
I
g 2
©
<
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0 ‘o ! !
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B 4-6 AREFLER YE FFER T. cutaneum ACCC 20271 Ab3E 7.8 K B BR K I B R B R MR I
B4

()& PE. ARHEREZR L (b)) LR, ORFIR A2
Figure 4-6 Time course of main compasion materials of ethanol fermentation wastewater treated by T.
cutaneum ACCC 20271 with different salts or YE
(a) time course of glucose and xylose; (b) time course of acetic acid and ethanol

£ 4-3 BEFREX T. cutaneum ACCC 20271 FE{KBEK COD HIgEH
Table 4-3 Effects of nutrient on the COD reducing by T. cutaneum ACCC 20271

Nutrient COD at0h(g/lL) COD at 120h (g/L) Reduction
N 112.054).85 70.20%3.39 37.35%
-KH2PO4 109.04+10.22 66.90+2.97 38.64%
-MgS0O4 114.46+).85 64.20+1.70 43.91%
-(NH4)2S04 117.47+1.70 63.00%3.39 46.37%
-YE 127.71+16.19 65.2048.20 48.95%
F 100.60+1.70 69.70+1.84 30.72%

N: ARIUEFE TR YE: F: WINFTA 8 R 881 YE.
N: no addition of any nutrient; F addition all of the nutrients.

444 RTGESZES

T. cutaneum ACCC 20271 £ £ K e IR /K b O 75 JE 3 S R AT BB E AT 380, 24 h
JEENAERFRE R (B 4-Ta). TEAEKHE B (10 £ & R A 13 (D O) 2 12 35 B A1
[, et AT M2 Jo WA AR R E 98% /1 AT AN B4k (] 4-7a). BE AR
HHAT EPES B WIS N (& 4-7b), H 47.89 g/L FAK % 21.65 g/l . JR/K T & 84V
HMBREEFEAG, B 441 g/L [BIKE 3.37 g/L. HHIRKP MBI EIFEER T
cutaneum ACCC 20271 A (A H #, TRKIBAFABEAER K . &3d 120 h #5577 5 F A
T 5 Sl AR = 2 508 16.20 2.16 g/L (&l 4-8a). BLET RS (A 0.133 g/g, X
e TR K RS AR RETEG Bom il R BB T IE/K A ) CIN BT AR T
A i ik g B AL 8
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Kl 4-7  T. cutaneum R AR 2. B R BB K A=AV BRI 3 L REMK Sk
(44K (ODgoo); () S Bk B2 AR Ak fh 45
Figure 4-7 Microbial lipid production by T. cutaneum ACCC 20271 using cellulosic ethanol
ferementation wastewater in 3 L bioreactor
(@) cell growth (ODgqg); (b) time course of total sugar and total phenolics

&l 4-9 i, R 7K 1K COD fEIZ A2 22 1% T B, i 118.58 gL [#%4IK %2 53.319/L(120 h),
Ui APE T. cutaneum ACCC 20271 IAEK Sl RAR, JE7K COD M Ji (1) i 45 321 I i R %
(B3 2 H T 3 B 1 R BR 045 A TS 1 vk I 2 AP R 5 4 i WA D 1208, 9y i R
FErb A (AR 55 B T COD AN RESLIL AR . R AT #EIMSIeAHEL, 1t
JOBCR S5 v, AR 31 S g & A /INIE B $ i, JE 7K COD 2 FR #2421 %8 55.05%.

PR B MR Rk )5 4 GC-MS e AR ER 4 7, 4R WK 4-4 Fros. 5T
coremiiforme CHOO05. T. dermatis CHOO7. R. opacus DSM 44193. R. toruloides Y2 #ftt,
T. cutaneum ACCC 20271 F| F ZBE R e R /K A = A A= Vi RR (R RE W BR4H. 7y MoK =&
H1 12 & 25 M BEKE PRI A R, (B By C16. CL8 BN R . SR &%
FIoMER(C18:1), B 67.81%, HUCNAFHEER . MAENEER, 73l 5 S &1 14.21%.
10.12%, H P AMIARE BT EE I & &N 69.40%, it BiZ IS (K24 SRt AEARL, AT AE
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NAEIDEEW LT (SR o

(a) Dry cell weight and lipid
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(b) Glucose, xylose, acetic acid and ethanol
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B 4-8 T.cutaneum ACCC 20271 AbER A4 Z B R B R/KET [ 98 AR AE 7= & R B R R IR BE AR Ak
(AT LA, (b)# & AW LR M LBk AR A i 2
Figure 4-8 Time course of microbial lipid production and main compasion materials of cellulosic ethanol
fermentation wastewater treated by T. cutaneum ACCC 20271

(a) dry cell weight and lipid; (b) time course of glucose, xylose, aceitic acid and ethanol
140
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N (o)) o) o
o o o o
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0 24 48 72 96 120
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B 4-9 ZBREEBR/KE T. cutaneum ACCC 20271 Ah3ERF COD AL 1B,
Figure 4-9 The changes of COD of ethanol fermentation wastewater treated by T. cutaneum ACCC 20271
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R A-4 7RI RECE MR P S TR BRK A2 77 B A 0 e e e T R B

Table 4-4 Fatty acid composition of microbial lipid produced by oleaginous yeasts cultivation in different

wastewater
Fatty acid T. coremiiforme T. dermatis R. opacus R. T.  cutaneum
CHO005 CHoO07 DSM toruloides ACCC 20271
44193 Y2
Laurate C12.0 - - - 0.1% -
Myristate Cl14.0 - - 2.18% 1.4% 0.31%
Pentadecanoate C15:.0 - - - - 1.09%
Palmitoleate Ci16:1 - 11.14% 11.2% 0.55%
Palmitate C16:0 29.3% 19.4% 14.71% 0.9 14.21%
Margarate Ci7.0 - - - - 1.88%
Oleate C18:1 36.4% 39.9% 21.69% 49.9% 67.81%
Stearate C18:0 22.3% 10.6% 9.57% 16.9% 10.12%
Linoleate C18:2 7.0% 21.7% 8.56% 13.6% 0.36%
Linolenate C18:3 - - 4.54% - -
Nonadecenoate C19:1 - - - - 0.20%
Nonadecanoate C19:0 - - - - 0.16%
Eicosenate C20:1 - - 1.0% 0.48%
Arachidate C20:0 - - 6.05% - 0.43%
Erucate c22:1 - - 5.60% 0.1% -
Behenate C22.0 - - 10.41% 1.5% 0.31%
Lignocerate C24:.0 - - 6.03% - 1.65%
Pentacosanoate C25:0 - - - - 0.45%
Hexacosanoate C26:0 - - 3.6% -
Unsaturated fatty acids ~ 43.4% 61.6% 51.53% 75.8% 69.40%
Reference [286] [63] [287] [283] This study

: AURE SOR I 3

-: Standing for trace or none.

WK 4-9 Fiw, 2K ) COD fEIZ A 2212 T [, i 118.58 g/L [F#4IK %2 53.319/L(120 h),
Pi BB T. cutaneum ACCC 20271 fAE K Kz fig 2R AR, JE7K COD ¥R FE R 15 28 & T % .
{EL I B T 9o PR PR A5 1 1 O Tk e R R ek R 5 4 i 1 ek 52000, 3l e Bt
R A AR 58 S BT COD AN ARSI A 2By . Rl AT FEIRSCIRAHEL, 1t
JUBCR S0 v, AR 51 S g & A /IR B i sy, IR 7K COD 2 R % 42 5y % 55.05%.

PR B B AR BEAL 5 4 GC-MS MlE HRIIR A 7y, SR RWME 4-4 s, 5T
coremiiforme CH005. T. dermatis CH007. R. opacus DSM 44193. R.toruloides Y2 #HLt,
T. cutaneum ACCC 20271 F| H ZBE R e R /K A r= A A M RR B RE W BR4H. 7y MR8
H1 12 & 25 M BEKE PR A R, (B By C16. CL8 MIENIR . SR &%
oMM IR (C18:1), B 67.81%, HUCNAFHEER . MAENEER, 73l b S &1 14.21%.
10.12%, HA AR DT & BN 69.40%, 5 BiZ I g 2 2r SR AR, AT AR
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ARSI AR B JE A
4.45 5 Aty B AR P AL BE R K ) R IR S SR L A

VAR IR T AE D A B AS RIS R K AR BB HT 22, 3R 4-5 Fis. B a5 H
f SR IE R KA EL , ASHIF 7T BT R K () COD R ¥ R . 5 HABWT 7 IREM L, &
WFFE 4 COD B ) 4 i 1 /2 5 1 19(65.27 /L)« T. cutaneum ACCC 20271 FIJ i /K &
P e e e Bk 2 2.16 g/, T HARBIIAS# PR . T. cutaneum ACCC 20271 JE3L
HE 2 7K Ak 38 % A A= 43 i A = PR AU D) B

R 45 BRI R R BRAK A=k Y g

Table 4-5 Lipid production on different wastewaters by oleaginous microbs

Strain(s) Wastewater DCW Lipid Initial COD Reference
(/L) (g/L) COoD removal
(mg/L) (%)

Oleaginous Municipal wastewater 0.6 0.12 2,450 81.0 [286]

consortium

Aspergillus sp. Corncob waste liquor 2.0 0.44 5,000 60.0 [288]

R. glutinis Monosodium  glutamate 1.5 0.14 20,000 43.8 [101]
wastewater

L. starkey Olive oil mill wastewaters 11.0 N/A 43,000 - [289]

T. coremiiforme  Watewater after butanol 5.8 1.11 23,560 68.0 [286]
fermentaion

T. cutaneum Acetone-butanol-ethanol 4.9 0.72 18,000 68 [288]
fermentation wastewater

R. glutinis Brewery effluents 5.2 0.75 36,000 Hardly [290]

reduced

R.toruloides Bioethanol wastewater 3.8 1.33 17,000 723 [283]

T. cutaneum Acetone-butanol-ethanol 49 0.72 18,000 68 [284]
fermentation wastewater

T. dermatis Acetone-butanol-ethanol 7.4 1.00 23560 68 [65]
fermentation wastewater

T. cutaneum Bioethanol  fermentation 16.20 2.16 118,580 55.05 This study
wastewater

4.4.6 JRIKIIR A g

— FROR VAR P B 77 EH 22 PAS [RS8 2 ) Tl A P e B A i, R T Al A 4 1 AR T K
AR (R3S G D B AR, AT SEBLAR /K R 1 H Y, 4 T, cutaneum ACCC 20271
AbERJE PR /K (Y] COD W BEAK IR 5, b Fq b — DAL ER, B LAk FH ¥ 7K A 3 3 5510
BT — DA . ARSI TR R AR N 0 9 5. 10 g/L, B EEKEE D E
R . R 4-6 TIAT, B AT S BRI R /K ) COD . ¥ 10 g/L B 71, &5
7% 96 h J5 COD IKJE F#{L 5% 25.49 g/L, £BR#N 57.84%. K] 4-10 1 W% 1 771 7T B 2
R K b i BB & &, 10 o/l B FIALFE 192 h J5 /K Ak B S5 B0y 9.07 g/, H2 M
My ATS IR Ak B8 T B K FR i AN 2 i AR e A .

R 4-6 WA PAEEKER CODIRE
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Table 4-6 COD concentration of wastewater further treated by microbial agent
Microbial agent (g/L) COD at 0 h (g/L) COD at 96 h (g/L)

0 55.3844.03 54.8440.42
5 52.1740.00 33.7944.19
10 60.4740.00 25.4940.84
o5 Microbial agent (g/L) Control 5 10 40

Total sugar -6~ - -6-
Total phenolic &5 -8 £

20
- -
< 3
215 2
© ©
(@] c
> (]
] N
© 10 %—
(@] —
|_
S
5
0 ] T T T T T T T T T T T T T T T T 0.0
0 24 48 72 96 120 144 168 192
Time (h)

B 4-10  BEFARTE BRK T RS BE AT S B 3Rk L

Figure 4-10 Time course of total sugar and total phenolic of wastewater treated by microbial agent

447 LA

S b R IR BR AE CRE KR /K T K] S BERT LA T. cutaneum ACCC 20271 FIH . 45
4 T. cutaneum ACCC 20271 FEF VRS B, HEMIH 4 BARU pg 12, @& 4-11 Fow.
S AR i AR (Treu_00679. Treu_00347)IIMEF T, LB AN A CBEBPD, MEE
% fii 6 (Treu_01234. Treu_01775. Trcu_02638)fi Ak k540K 2812, %5 7E £k -CoA
£ B (Treu_03003) f1E F T 42 5 2 BE-CoA P70 241 S fg 4k N TCA 13 . (H 2 Bk AR
BRI OCBEEE H AR AT I0E , WL T SR 7 B — 2P 5 o A o

(6]
Alcohol Aldehyde Acetyl-CoA
deh drogenase, dehydrogenase, synthetase
O g T — > TCA cycle
HO
CoA

Ethanol Acetaldehyde Acetate Acetyl-CoA

& 4-11 T.cutaneum ACCC 20271 HZ. Bt 2
Figure 4-11 The ethanol degradation pathway in T. cutaneum ACCC 20271

45 /NG

A FIEEEL T T, cutaneum ACCC 20271 A ¥ 2,5 J e 152 /K 2 F A FH s K B2 AR o i
IGE 7o T T AREEF2 264 %F T. cutaneum ACCC 20271 AbTE /K J% Jh g E AR s,
FEFAT T IO . A E S — D IR K O BE K2R K COD 18, /o KATE KA HE H
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FIXF AL, HEILL N

(1) T. cutaneum ACCC 20271 HE.#& A3 2B R EEIR K RE, JR/K COD RN
55.05%, HfidsfA 7y 180 rpm, pH FPHEERES ER T . & SN E TR B YE X H iR 42
RV B EW . T. cutaneum ACC 20271 FIES IR FE R TR R & 0E . LR AT gl P s v
¥, MIAKE. LEEMET WAL 20 50%0 SR, 1A & 2B AW E.

(2) T. cutaneum ACCC 20271 E#&—EMEEK/K COD s 1. (HEZ T
cutaneum ACCC 20271 3572 )5, JR/KH I COD EMK IHE &« K A5 /K b B 1 77 ]
ik — 5 W 3 PR L /K 1) COD fH.

(3) T BRZE 43 43 M I Bz NG 26 43 5 R AR AL, R A D A 4 S A 7 1 i
Klo M2l T. cutaneum ACCC 20271 f¥59%, SEEL T LB R IR /K AL S, % piA [
W RUER H g o
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BT RRLMEBRERHKEIBTE ST ARESEYM IRME~NE
1938 A5

51 5=

Sk e — B AR W A E oK &9, T2 AE TR % 3 My h.
592 BAT AT (T 52 2 R 1B F7, RERs e AERE st AR KPP, i s b
K H AR B H AR, 2 CaEdbsE . JERR. ShE . BRI . B 4L
KR I Z A ) 2 e SR E 9 —Fh BN FLA 45 2 R R AEY) Ol FnE
PR FANMER . SR A e A AT 9T R 2 i 2 BT AR B R

MEHHE R BRI T A A 2R S A PRI, B S R B K R LA A R
BEPERE . BRI 2 K0 B3 3 56 SRR IR 5 R B MR I AR G v, 0 R AE Rk R I
BAMEEIIKER . SIRAE FHAT . BRAKMRAGHIIT 24 i sy e =4, n—
SRR T 3R e I A FE A R P ) T R SR SRR A N SR R R, (R
JR RIS (HMIF) T 400 8] % 19 T R 1 e B 12980 PR A AR 0 2 — i 0 A 7 S 14
T3 HHBEA R S AR SR B B A L . BERERIGE B, L R
E#kA: K. marxianus. K. fragilis. Pichia guilliermondii. C. aureus 2. Guiraud 2%
S DARE IR SR e R B Ak K. fragilis FIH 25427 OB B OB R BB PR K. marxianus .
S. cerevisiae A< B it B A& K MRHTAD O e S1B0, FEASTR AR AR 7 S A 1 TS RV AT 2
PN T A= R0 09 ek B K. marxianus T2 R /K SRR A 26 R RECOY, T S.
cerevisiae H M} /K R HE N HERERE CR{LER) suc2 91,

3T RE A 02 AN B8 B R FH 26 R R AL = T AE P i - Zhao 252G JEHRIE T R.
mucilaginosa FIl FF 3 0 7K i A= 7= ik i o A e T0 1 54 3 il 26 7= 1 #k P. guilliermondii
M-30 &35 5% DLl BB R 2900 . 29 30 2R P R i i iR = AL iR RERE R
toruloides 2F5 81, F1 P. guilliermondii Pcla22 POVl 44 3 A= = i A= W ith g OB 92t 4%
. ERMZERFE, KIMIEREEE T. cutaneum B4 ELEER] 250 A= P i A it i
(e 12, 2 b IS B2 B Trichospron cutaneum ACCC 20271 FJ FH %% % & £ m
T (Consolidated bioprocessing, CBP)4: 7= s £ ¥ v Hig 11 P B 3t 4T vE A . B G IRE T.
cutaneum ACCC 20271 44453 /K it lig B 775« Fik 73 Hr T. cutaneum ACCC 20271 4%y
ISR AR =R A M A B MRS AR IR e RS, DURE VRN T AR 14 B
KRG, 5=, I A BRI AN T, cutaneum ACCC 20271 FHEF R AT 4k LIS 31 H:
SRy KRS, FEHEAT SDS-PAGE ¥I5 /M %2 My K BREER I 0 K/, 454 T. cutaneum
ACCC 20271 & [KI ZHA7 S AN AT 52 256 4 7K At g g 10 2 15545 5 S8 D0 A4L T. cutaneum
ACCC 20271 FI 25k A= P i A=t lg B 2% A1, AR 20 m i mh ig . AR &b b
FEVER T 30 B S A R A AR N A PR A e R R AR, SR A BB A A SRR
TR SR AL E R L
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5.2 SEIGARL

5.2.1 JEE

SRR T T P T R HeAS TR 2 A BR A F] , Ak v e ) B L SRBE S 0 il A 10.32%.
5.83% (W/w). [ 3 M HCI K 38 M1 pH 2 2 £ 47,120°C [ 32 30 min LAZK 3 85,
£2.0.22 pm JE AR 5 v OB €3 (HPL.C) I i S0 | 78 60 Kl 1 2 B o 20k v SR SR b
SN ) S /43 73 58.83%. 8.98% (wiw) .
5.2.2 B R R

J2IR 22 70 % B (Trichosporon cutaneum ACCC 20271), [A] 2.2.2.. #5841 #% £} (Rhodotorula
glutinis CGMCC 2.703). [& £1. % 1t i £} (Rhodosporidium toruloides CGMCC 2.1609) 14 5g,
Hr vo & 4E % RF (K. marxianus varmarxianus CGMCC 2.1549) 3 [ ] 18 i 2E 4 1 Fh 4
JEF B rp O (http:/flwww.cgmec.net/); R IE % RE(Saccharomy cerevisiae DQ1) A SZ I8 = jifi
15 1) AL Ak I DR A7 T v [ 7 30 ol A= 0 v A DR e B 0, i T HE EQ % B (Yarrowtica
lipolytica DSM 3286)/1t) H 4% [E 1 4= 4 & Ak PRk 0 - (http://www.dsmz.de/home.html). %
REEATE YPD £578 %%, T 30°C. 180 rpm FH:F: 12 ho ZJ5 LA 10% (viv)FEFp 445
ZEHEER) YPD #5353, 30°C. 180 rpm FE55% 24 h VN R T .

KRR IR A & B 3 H 25 /L. YE 0.5 g/L(NH4)2S04 0.22 g/L.KH,PO,4 1.0 g/L.
MgSQO,4.7H,0 0.5 g/L .

Bk K R AR PR B 9 L 4K 20 /L. YE 1.0g/L (NH4)2S0,4 1.0 g/L . KH,PO4 2.0 g/L+
MgSO,.7H,0 1.0 g/L.

5.3 SEIG VL

53.1 FpFEEE

A 2.3.1,
5.3.2 Bradford 7 Fic il

Bradford fiff & il 4% . FREX 350 mg 2% 1 {5 G250, JIA 100 mL 95% £ . 200
mL 88% MR FEII 5], TAREN A 4°CUKAR FBE e ORAT 45 FH o LV AT K IAAF 75

Bradford T.{F R ACH]: =X 850 mL #B4E/K, M 95% LB 30 mL. 88%7M &k 60 mL
BLFEY 51 IS EINN 60 mL Bradford fi 2 VIR S), TER G &I BEGIRAF . 8 AT A
Whatman 1 ‘5 #E4%it J R v] B H 8 .
5.3.3 DNS %R H]

¥ 6.3 g DNS A1 262 mL 2 mol/L NaOH ¥, M| 500 mL ¥ 185 g A1 FR A £ 11
POKIEWR, RS SEM, BIMANS g 45 WA 5 g WHERN, HtEs. AA)E
INZAEBKERZ 1L, WATEEERT, Fi N8R 7 K/
5.3.4 M E J7 ik

BUdE 3 M W, F 3M HCL R pH & 2.0, 120°C 3 30 min J&, # B N5 5
F 0.22um JEMS 3E, F HPLC (A A HE) MIsE, RID-10A BURZEH GRS, Bio-Rad
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HPX-87H #4415 (300 mm>7.8 mm)iE T4l . 5 mM 1] HoSO4 A SIAH, HE A 0.6
mL/min, #i&E 65°C. Fril SR &E. S SR N5 1 & .
435 YK

T. cutaneum ACCC 20271 FI| FH %% 117 G A& B S 56 /E 500 mL #EJE R AT, $EW
& 450 mL. T.cutaneum ACCC 20271 Fp¥-¥i#% 10% (vIV)FE P24 bp 2 Rk BE R 72 5k,
HEATTCE Y AR B & 8. pH 5.0, 30°C. 180 rpm A 8% 120 h, 43 kg — & i 1Al BURE I & T
4K (ODeoo)~ HHHITHFESEIG L o
5.3.6  BEART HE AR & 2

A 2.3.7,
5.3.7 TAED R4 o oA

A 2.3.8.
5.3.8 5K 7K M ke REL IR o % % Bl U 5

WA 55 IR 2 45 K0 K e g A e 55 7R Ak, 30°C L 180 rpm K57 24 J&5, HX 30 mL
FEF7K 10,000>g 250 10 min YA EFEEAR AL, F 0.1 M (pH 5.0)F7 8¢ R 2 i i e 4 i ot
JEBIR, 10,000>g #5010 min DUJE LBRAIIUTIE R RIK . 3528 BiEW,  Hel E
FUK B I0.1 M (pH 5.0)47 4 BRZ2 M 3 mL £ 0.2 mL BEER 9 e iR 3% 4 min BRESH i,
4°C. 10,000>g 20> 10 min, i RO AR R

B 7K A T B 0 2 < B 0.1 mL BBV L 0.9 mL 2% (W/V) 36 4359, 50°C SN 30 min,
BRI 10 min DAZE 1k 8. DNS VR I8 TR /. LA /KR 10 min 2535 (BERIE N
PR WG E X s FEAR ST E 251 T B2 B A AR B L AR R M W BT TR R
5.3.9  pH X &K it B g U S A g 1 1) S

ANIE] pH X 368 7K A e e S 200 (0 5 . ASR] pH BRBE R, 50°C M 30 min. pH &
SEPERE e TR AR K R B B T R R 2 pR R BIANE 1) pHAE T, T 20°C AR 24
h Ja e B, BN AR
5.3.10 I 2 X 2K 7K At e il v A A s M R R )

AN R E 5% 46K 7K it g Bl s A 52 e . T AN [RHRBE RS FE(30 354 40, 45, 50. 55.
60. 65. 70°C)~, pH 5.0, HAhZEAFAHE, S 30 min 53K 10min PAZE 1k KON .
2R3 7K A R P I P2 AR P S s B 28 /K AR IR B T 0.1 M (pH 5.0) IR A5 IR 22 1 i Wl
TR EAS ] R 35, FE BA FE (304 35, 40. 45. 50. 55. 60. 65. 70 °C) F{#i& 1 h, RJ5H
W5 LG, RO OATR AR B
53.11 HEAEFEMNE

B EIREE B9 %€ R A Brandford i, 24 I3 2% 1 (BSA)VVE AbRHE . FH AT BR 2% vh v
7% 0.1 M (pH 5.0)Jy7A #IBCH1 1 mg/mL 1] BSA ARl A . LB & X2 E A
(RIS B ALK
5.3.12  ZJH 7K fifb g V.24 e AT

T. cutaneum ACCC 20271 "1 454 /K fife B 1K) 73 AT L4038 7K A i B B b3 v )
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BAETEE o P PR % ) 2 T T DN = 40 PR BB T pH 7.0 R BXZE 3 (50 mM R 4
10 mM DTT A1 mM Na EDTA)H DAHRH & J53 2 8] 5 1156 5 7K G o 75 i1 80 uL/mL %477
40 uL/mL 10.0% SDS FJlZ4 &% 10 s, BIRT1S 2 N ks 7K il » 4% EaR J75005E &
a3 SR TK A T o

5.3.13  Z§Mr /K R 1 4lifk

KB G BE Sehpadex G-100 (Hii #it GE Healthcare)Ziifk 3645 /K i . Sehpadex G-100
B M 22 25 PR3 A 5 12K Guo %(2013) 4704,

ST 5 (1) Sephadex G-100 35 b el B 42 1 ST HOIRAS, TOB LA B
¥ b BRI R b sV — R, FERGE R 0.1 M (pH 5.0) IR R 2% i i 1t
2, MR EER LXK, BE EERPAEAERRER A 1E. MAHETH 0.1 M (pH 5.0)
IR R MRS B L 5 o K EHTRE T wi e AT R AR, DURIEEHTAE N & A
SIEERAEH O R R E R EMBONIE, ENTENEBINENTEEN. 4
JEHTRE T R4 5~10 om 5 FEIEE R G 1 T R L AT A5 BRG% v WAL 7] B 4k 282 9248 in
N R, TR ORI IR T EAA IR LR BB /AR o A IR IR T AN B A e IR kL T~ B
) FH BB A e MO IS TR AC 20 5 om IR BE, TR INBE IR A, DA 143 RIS 1
KA WFEHTRE P H B0 ) 75 R A

ENTHRIT 2 f5, HE 20 min. WA RBEIH TS BTN DERE. HE
b 2 5T 0.1 M (pH 5.0)Fr A FRZE #hif~F- i A, WA 1.0 mL/min. JE R 7E Dt
PR AR KE EHTAE A 0 0% e .

SR K AR BRI AR V4 0.45 pum JERR L UE, HU 3 mL MBI E EVTAE N EEIIN, [F
IS} Bf A M R T T P 52 B T RN AR, B 15-20 min JE ARG, E 1.0 mL/min. LA
A280nm WOLESRRAEE (IR L. & 2 mL SeBEBCA— N EeBire fh, R &5
WA, TR SRR T VR T8 J5 N IS5 AR R BB 417K J5 i3k 4T SDS-PAGE HLIK
5.3.14 SDS-PAGE

SR KM ) SDS-PAGE ¥ FH 10% 58 TN LG B . 43 B9 IR 5 e 4 S I B an ¢ 5-1.

# 5-1 SDS-PAGE %t/ EL il
Table 5-1 SDS-PAGE gel preparation
Separation gel ~ Stacking gel

H,O 4 21
30% Polyacrylamide 3.3 0.5
1.5 M Tris (pH 8.0) 2.5 0.38
10% SDS 0.1 0.03
10% (NH,)2S,0s 0.1 0.03
TEMED 0.004 0.003

5.4 ZiR51He
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5.4.1 T.cutaneum ACCC 20271 Z¥5 7K fift i ) /< 30

DA I RE . SR RERE A SR R )& RS 7R 2 35 9% T, cutaneum ACCC 20271,
AN EEAAEHE DL R K RS IR AR = e Re i 5-1 B . LA NJEAD,
FEANTS ITEART M5 38 80 7K il IR 4545, T. cutaneum ACCC 20271 Bk & KLl fe = &
739 9.29 g/l 245 glL. ZikyRARTETNE . AR5 E 100 10.32%. 5.83% (wiw),
FRFREE SR R B Dy 25 /L, RIS 7 2 o 4 40 B L SRWE 009K FE 2379 2.58 g/L . 1.45 glL .
28N R TSR 5 0 B Y R B0 20.50 /L, 378 K T2 # v B 62 1 SRR (R A0 SRR
M. Ui T. cutaneum ACCC 20271 EA A=, /il 2k K B 88 71, R aERI F 268
BEAT ML A T 2R AR

ol BN i

T T T
Glucose Fructose Sucrose Inulin

B 5-1 AREBRIEST T. cutaneum ACCC 20271 Sk AEHi fig A4 P= i B4
Figure 5-1 Effects of different carbon sources on microbial lipid production by T. cutaneum ACCC 20271

5.4.2 T.cutaneum ACCC 20271 %5 ¥ 7K felig 26 7= etk

JNHEFE T. cutaneum ACCC 20271 %4 7K ffe g 1R A 7 e 1 B s i A 7 2 AtF o B e B ¢
T T. cutaneum ACCC 20271 5§ ¥y /K fE g i A= = it 2%, B 5 %558 VI pH. &R i
K E R FE N T. cutaneum ACCC 20271 5585 7K f il A5 7= S5 A1 iR S i

(a) T. cutaneum ACCC 20271 % #5 /K fiie i B 72 17 8 h i3 s ferh a2 7, mife
Bt i PR BT ) P U AR R AN S ( 5-2 o). 12 h IS B, S 0.0719 U/mL; 28 h
i BB B . A 0.1960 U/mg CRHEEHD.
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0.40 -8~ Volumetric activity —A— Specific activity -©-DCW 8
0.35

0.30
0.25

0.20

Volumetric activity (U/mL), Specific
activity (U/mgq)
DCW (g/L)

Time(h)
B 5-2 T.cutaneum ACCC 20271 35¥; 7K i B A r= i £

Figure 5-2 Time course of inulin hydrolysis enzyme(s) production in T. cutaneum ACCC 20271

0.6 B Volumetric activity B Specific activity ODCW r 1.2
o ] i
S 05 - - 1.0
7] i
235 04 ] L 0.8
S 77R !
<2 77 3
2> 03 H ) los =
s 7 mall 5
53 'lF 8
S 9 :}'/ I
2 ® 02 % L 0.4
15
3 01 % - 0.2
% %

0.0 - . . . e 0.0

30 35 40 45
Temperature (°C)

& 5-3 EEEXF T. cutaneum ACCC 20271 37K B AL = R B

Figure 5-3 Effects of temperature on the inulin hydrolysis enzyme(s) production in T. ctuaneum ACCC
20271

(b) U BEAA R BGIE I BEEEm [A 2, FF EURT B 0 A 7 A 28 O B ) R 1k
H & 5-3 AT 41, TR 25°C I T. cutaneum ACCC 20271 %K 7K fft BBl 1% f% =, 79 0.120
U/mL; 1fj 40°CI LB E B s, 4 0.517 Ulmg CHLEE ). 7E5 6 (40~45°C) 4444 T
R AR T B B R PRI, TR AE S R IR R T A 77 v LSR5 28 e R IR FE S B A P IR RS, A e
INCINFRSTIES - PN

(c) MF KM LV pH (3~6.5) A% />, K53 24 h J5 T. cutaneum ACCC 20271
R pH Y% % 2.0~3.0 2 8], B 5-4 7] 40, FHXFFRARK pH BRI, 59T
pH (5.5~6.5) ¥ B T B AR A K W) 46 pH 6.0 B B LU v 22 5 i, 43 1A 0.273 U/mL.
0.388 U/mg CFHEE ). MUESERMERIWILG pH BEAT F 1% 15 MR 6 K0 /K fR B (10 2 7=
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o
[N

o©
-

0.7 4 B Volumetric activity & Specific activity O0DCW F 8
[3) ] :
= 06 - F 7
[S] T L
a ] 6
O 05 :
Sa i
E2 r5 ~
£ e b Eo
35 0.4 - 3
-‘EB‘ 03 P4 %
52 -3 O
T Q C
o ® g
@
IS
=)
S

45 5.0
Initial pH

Bl 5-4 #]4 pH X T. cutaneum ACCC 20271 3837k B 4= 7= 1 B Wi
Figure 5-4 Effects of initial pH on the inulin hydrolysis enzyme(s) production in T. cutaneum ACCC

00 +=

w
o

20271
1.6 @ Volumetric activity @ Specific activity O DCW 18
, 14
S 12
[oX
)

- 1.0 P —~
O~ 7 <
ER %% o 2
= £E 0. we b
2306 % % a
E=R 7
& c 04 % %
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=5 02 / /
2 0.0 FEZ Z Z
S 3 o > & 7 &
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& 5-5 ANEEFEN T. cutaneum ACCC 20271 35k /K AREe A F= (8 i

Figure 5-5 Effects of different nitrogen sources on the inulin hydrolysis enzyme(s) production in T.
cutaneum ACCC 20271

(d) Bl EEMBITER. B 5-5 RAVLEAK YE. EEBELFRERET T
cutaneum ACCC 20271 40 A= 2 25 k0 7K il UL T TE AL AU (NH.)2SO04 F1 NaNO; 5%
PERE, CHEY YE MENEEN EARTE. 550K GRS & LB S Y e, o3
9 7.930¢/L. 0.457 U/mL. 1.079 U/mg CHHEEFD. MANLEES, JRELMEXN ML
() —Fh R, 2680 7K Ak i g % % LU IS 537 9 0.289 U/mL. 0.870 U/mg CHHEE D),
=T NaNOsz. (NH4),S0, 1.

(e) Y SCHRIRIE, AN IR AT IR0 46 00 Bl 00 A 7 LA 2 3 (s 4 B, &) 5-6 % W)
HIERE. BB, RERER]T T cutaneum ACCC 20271 (4R sE K-, AL bE . JEk A2k A
F]F T. cutaneum ACCC 20271 254 7K i B 1) A 7=, JCH R AE UL FLBE NIRRT, 5 /K
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RO BETS . LLBETE 20 98 0.271 U/mL. 0.569 U/mg CHHE ). T HAMEELER B4
AT 30 T. cutaneum ACCC 20271 %4 ¥ /K fift gk IRl () e i . Rk 55 . A I AE LA %1 B 2R
RNESF BRI, 59k 7K Ak Bl ) B A 9 0.076 U/mL. 0.080 U/mg CRHEHD. it
B BB I A BE TS0 5 K 7K ARG o 0 5 DR () 53 . 308 o (ELRAAE DASRRE . B N IS 1A
T EEH ST REZHER, T REE B T /KX L 5 2 0 N B B S SR AT e, AR Re a2
e AR A 7K T ) B RV BRI A5 DA . BT RL, AnfRT$ S T. cutaneum ACCC 20271 %%
7K oA Pt P T A 12 T R FH 280K 301 5 JURE S I T A R AR A 7= ek I 1 R 2 )

() & 5-7 LW LEBEZ MW E TS T. cutaneum ACCC 20271 3 %5 7K e i () bL B i 2
MRS, 7E 20 o/L 2980 i, HAGM /KR LU IS i, o~ 1.0226 Uimg AR ). M
IR I35 8 R A F T T. cutaneum ACCC 20271 5943 /K fift B () A= 7=

0.7 B Volumetric activity B Specific activity O0DCW ' 6
2 06 ] E ] [
3 ZZ
5 os |
. % F 4
ES ] % Y
SE 04 ] % =
£3 03 % : Q
S o1 -

.
0.0 i é [ o

Glucose Fructose Sucrose Inulin Starch Lactose

B 5-6 AREBRIEXS T. cutaneum ACCC 20271 F§¥y7K Sl BE A 7= f) 52 i

Figure 5-6 Effects of different carbon sources on the inulin hydrolysis enzyme(s) production in T.
cutaneum ACCC 20271

14 @ Volumetric activity @ Specific activity O DCW r8
o ] .
= 12 ] ‘I’ c
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g ] C
] r 6
910 ] -
23 | 5
Eg ] -5
3\5/ 0.8 b E %L
> ] L4 =
=2 ] L
25 06 : §
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o© 04 )
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00 EiBHE 4 1 O
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B 5-7 ARIZHIREXT T. cutaneum ACCC 20271 ¥k i Bk 7= g2
Figure 5-7 Effects of inulin concentration on the inulin hydrolysis enzyme(s) production in T. cutaneum
ACCC 20271
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5.4.3 T.cutaneum ACCC 20271 ¥y 7K fift filg 435

W4 Hr T. cutaneum ACCC 20271 Z5 ¥y /K BEAH B, DABEESEHRENI T T.
cutaneum ACCC 20271 2 ¥ 7K fift Bl (1) E2 ANR§ %, 24 T. cutaneum ACCC 20271 FIH %%
BB SR SRR AR A 3 g A PR B AL 1 B
5.4.3.1 T.cutaneum ACCC 20271 Zj¥5 7K fft Bt ) 73 Afi

H1 & 5-8 R % T. cutaneum ACCC 20271 4 56.45% 1 5 47 7K it i 70 A1 T J i 2 6] AT
Fask, TN BN 43.55%. B T. cutaneum ACCC 20271 H K # J5 H36 K5 7K fi i 2
AT 53U B Bk 25 Ty P B ) o (R s M A Y, DAMEHDIRE K 4% . 1 S. cerevisiae DQ1
TR AT 439%%3 AT R 43 A rR M Ah BRS04, ALk 2 T T. cutaneum ACCC
20271 %K 7K fe kA M b 5 R Jog = [R) i 9 BT o BB 49 v 1+ S, cerevisiae DQ1. T. cutaneum
ACCC 20271 558 K it A1 43.55% 17 B T B A, 7T e H T~ FLEUE 0 40 i BE 4544 iy
SEHIB®, 4 Rouwenhorst 25418 K. marxianus CBS 6556 H 46 4 i (1 73 i 3o 7232 41
PRBESE R IS, T RERRER 20 (50 mM pH 7.0) % 75 i A2 vh B AR ISRk 2.1 K —
A R T A S A e L 4 e 26, BT AR T. cutaneum ACCC 20271 4R 4 #4,
VR AT 5 2 A 7K A BT 23 WA B B A B =

0.20 ~

=
E 0.15
2
2 f
2 :
©0.10 -
L ]
= T
e I
3
5 0.05
0.00 T T T T T )
Supernatant Periplasm Cytoplasm

& 5-8 T.cutaneum ACCC 20271 35Xk ffle IV 40 i 43 A5
Figure 5-8 Subcellular distribution of inulin hydrolysis enzyme(s) activity in T. cutaneum ACCC 20271

5.4.3.2 T.cutaneum ACCC 20271 5&#; 7K fifd B e 38 i B e Ui P e 1

ME] 5-9 AT A1 T. cutaneum ACCC 20271 H 4% 7K fif i 1) B i it &£ 2~ 55°C » 30~55°C
i) FL BTG 2B A T m ), T 55 CI Ik B B, 0.121 UlmL, {H 2 243 4k 2 T s i
MG . BEIR R &, AR e MR B TR
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0.20 1 -B-Activity -~ Stability - 120%
A S
5 016 - 100%
] >
£ : 2
< - F 80% 3
= T ]
g 0.12 ] : :
3 1 - 60% g
2 0.08 - 1 =
£ - - 40% 2
S oo A 3
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0.00 0%
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&l 5-9 T. cutaneum ACCC 20271 Z¥ /K fl B8 & 40 B I i B A e
Figure 5-9 Effect of temperature on inulin hydrolysis enzyme(s) activity in T. cutaneum ACCC 20271

5.4.3.3 T.cutaneum ACCC 20271 % ¥ /K fife i i5e & pH & pH F2 e

P 5-10 AT%0, pH 3.5~4.5 Vi Bl W L fg v SE AR RS2, pH 4.5~5.5 I G 1% 5 7+
=, T pH 5.5 I I £ 5t i A5 0.484 U/mL . T pH 3.5~5.5 2 [i] He i 1 & 8 45 T i
1M 24 pH B 442 T i i H AR E P 2 I 2 PR AIKI «

0.7 -B-Activity ~ —o—Stability 250%
0.6
~ 200% %
£ 05 S
2
§ 0.4 150% g
0.3 2
£ 100%
3 0.2 =
s 8
¥] 50% 0

pH
B 5-10 T.cutaneum ACCC 20271 3§¥p /K iR BB & pH K& pH fase i
Figure 5-10 Effect of pH on inulin hydrolysis enzyme(s) activity in T. cutaneum ACCC 20271

5.4.3.4  A[RIEEEErh 55k 7K A Y LA

SEHRHL 3 Pk LT AR =R BE R AR | 4 B IR I BE R AR HEAT LA, 45 R an 18] 5-11a B,
K. marxianus B BERH B H ) 5680 7K gl S f =, 4 15.053 U/mL, K S. cerevisiae
DQ1 (12.677 U/mL). TEFTH %211 4 #Ram AR EEREH, T Y. lipolytica 35 F 4wl 2 ¥r
7Kg i £ 35 PR UG R At B, R. toruloides HHL B FF 44 8 7K St B B 5% o4 » 1.037 UL,
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H YN T. cutaneum (0.179 U/mL), T R. glutinis T 3 7K e Bl i 0 2 A 24K A, an &
5-11b Fin. QAR 77 T BE b 25k 7K e e 1) s W S = T R BEH . T cutaneum
ACCC 20271 "3k /K e B vt - LURRVE 20 791 B K. marxianus HE1IC 84, 115 5. (AT
1 T. cutaneum ACCC 20271 H AR ) 2 K 7K fife i vt 2 PR ) L R1) P 25 % 26 7= 3ot i 1)
—HEEER. PV T. cutaneum F4r TGRS 6, 301K S22 K0 7K A Bl 5 [R]
JEAK T. cutaneum ACCC 20271 BEGEWhn T 458y A= r= i AE i IR L N 2 R T
IR R RS R RE )1, O R T ORI RS T,

30 - (a) Ethanol producing yeasts 20
] BVolume activity & Specific Activity 0OD600
= 18
(8] o
g 25 16
n_ ]
E= ]
5 3 i 12 o
>2 15 | - 10 &
.; E : :{,4: O
= b :-<:.<> 25t 8
o Q ] ]
c @© T EREE EREEY
10 A sty I
() 4 L R
£ 1 o o ®
e s s it 4
1 [ N 2
o LLus —> ks F o
S. cerevisiae P. stipitis K. marxianus
30 (b) Oleaginous yeasts g 20
] D Volume activity & Specific Activity D0OD600 L 18
L 25 - :
E 1 - 16
o ] :
ZE . 12 g
3215 ] ﬁﬁ 210 5
>z ] éf’/”’ :
S _ F °
gE 10 % T
(0] ] o
IS ] % L4
= 5 1 / s
S f % - 2
! . :
0 T T = T m T 0

T.cutaneum R.toruloides R.glutinis Y. lipolytica

B 5-11 A FIBEERIES R K R LB
(a) oM leEE: (b) MEEEEE
Figure 5-11 Comparison of inulin hydrolysis enzyme(s) among different yeast strains
(a) Ethanol producing yeast; (b) oleaginous yeast

5.4.3.5 T.cutaneum ACCC 20271 %% 7K fift ik [ 4fifx,
&£ T. cutaneum ACCC 20271 FFLEE, £ Sephadex G-100 #:-Fafift . ¥efiid 72 an
Kl 5-12a Frz, A 3 ANBHR B Ui ug, (EE AT 38 = AN S B IR i B A 40 7K
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(RBE RIS . USCEE %80 4 IO WE M V34T SDS-PAGE, 45 &l 5-12b s, A 1 M4
60 kDa 2R (1257 » 418 SCHRARIE , B-P il SR B /K it il 5 e 2%, % 4 il (EC 3.2.1.80-
EC 3.2.1.7) BT BLIuk e Wil (EC 2.4.1.10) B9, BLERMEAG(EC 3.2.1.65) B #: (v (EC
3.2.1.26) B2 B & 350 KR BE 77 -

60 (a) Purification elution (b) SDS-PAGE of the purified enzyme
= =0 —-©-A280nm  -B-Specific activity kDa M 1
[«2]
£ 116.0——w—_
2
> 40 66.2——w—
£ ~<—(~60 kDa)
5
s 30 45.0—
.“5
2 20 35.0——
%)
2
< 10
25.0——wn
0 B AT
18.4——
14.4 A .

Time (min)
&l 5-12 T.cutaneum ACCC 20271 358} /K iR Eg &k,
(a) Sephadex G-100 ZE -4k B ML ; (b) % %3 /K fif il SDS-PAGE LUK I, ¥kiE M: 5 Markers (116
kDa), VKi&E 1: 24k 5568 7K fik ik
Figure 5-12 Purification of inulin hydrolyzing enzyme(s) in T. cutaneum ACCC 20271
(a) Purification with Sephadex G-100; (b) SDS-PAGE of the inulin hydrolysis enzyme, Lane M: Marker
(116 kDa), Lane 1: purified inulin hydrolysis enzyme

5.4.3.6 % H 7K fif ik o i ik A

G R AHERAS S & NCBI LEXT 455, &K I T. cutaneum ACCC 20271 H B-5 b £
fif(EC. 3.2.1.26, Trcu_01547)5 Sacharomyces ercevisiae #{tHF(SUC). Kluyveromyces
marxianus % ¥ EF(INUL). Meyerozyma guilliermondii #M]56#5 i (INUE )25 HoAth % £ 3
¥ K G A B, 709 37%. 39%. 35%. #kHEN T. cutaneum ACCC 20271
RAIEZTRY KB DhRE I B N B-SRAEF B (EC. 3.2.1.26, Trcu_01547), i%E§ 45 515 MR
i, FEI4r T8N 56.65 kDa, 5% Sephedex G-100 Btttk /4. SDS-PAGE
23 HE K 4% T K /N (60 kDa) 45 B K O . 7 SingalP 4.1 server
(http://www.cbs.dtu.dk/services/Signal P/ HE PE 53 Hr, 28 1-18 {7 s Bl MG F K751
5.4.4 T.cutaneum ACCC 20271 FIJ FH 2 45 Az 7= T AE 4 v Jig 1) 2 AR AR AL
5.4.4.1 ASEZIEXT T. cutaneum ACCC 20271 A= Hinti g A= 7= 1) 5 il

TERTIE A 4 FhBIRS AR ZIRFES R, T. cutaneum ACCC 20271 HI B R4 K
555Ky W FE1G LA AL, 20 1] 5-13 P o A b HAREWE , JRZE XS T. cutaneum ACCC
20271 EAMESMESERER . K 120 h J5 DUR 2 8% JER T. cutaneum ACCC 20271
) TR A4 T B S T IR P2 B 0 il A 11.06 g/l 2.62 g/L, HV N B A « (NH4) 2S04 AT NH4Cl.
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Figure 5-13  Effects of different nitrogen sources on the microbial lipid production of T. cutaneum
ACCC 20271 using inulin

5.4.4.2 %144 pH X} T. cutaneum ACCC 20271 {2 i Jig A 7 ) 5 Wil
1K 5-14 Fiow, #1146 pH % T. cutaneum ACCC 20271 A= g A= 7= i 52 i 31 AN B
o )4 pH 5.0 I I P B N 2.75 g/L, 1T 24 pH 6.0 IR B 4R T B 48 f% v 11.32 g/l

18 EDCW OLipid [
16 I
14 4

2
6 [
4 )
2 f
0 s Lo

3
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510 =
©
3 8 2
[a) 3

pH
&l 5-14 #J4E pH %t T. cutaneum ACCC 20271 I 358 A= =4 2= oo g iR il
Figure 5-14 Effects of pH on the microbial lipid production by T. cutaneum ACCC 20271 using inulin

5.4.4.3 ZRYIREENS T. cutaneum ACCC 20271 3 AE 43 iR 26 7= i 5%

Rk BE 10~50 g/L F, & E% 120 h J5 T. cutaneum ACCC 20271 #4415 K g =
SRS E BT B AR, (B R A IR B IS SL S, BA T
fEr 2 R A M5 (& 5-15). I H 4% ¥ k%N 50 g/L I, T. cutaneum ACCC 20271
HAR S Z R &, 4 0.370 glg. BT DLERE S I 9256 SR A 50 g/L 2 A R L
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18 EDCW OLipid r6
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& 5-15 ZEMIREERT T. cutaneum ACCC 20271 £ 4= 4703 B A= 7= i B i

Figure 5-15 Effects of inulin concentration on the microbial lipid production by T. cutaneum ACCC
20271

5.4.4.4 R[E(NH4)2S04 3%} T. cutaneum ACCC 20271 #A= i g A= 7= i 5 i

SRR E N 50 g/L, (NH4)2SO4 #4375 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0 g/L,
B C/N Eb4r%)4 1100, 550, 183. 137. 110. 73. 55. #1& 5-16 fizn, BE(NH4)2SO4
WPEF =, T. cutaneum ACCC 20271 B4R T B IX T F =i, {HA2 2.0 g/l (NH4),SO4 I E1
IR . BEIH I B (NH4)2S04 K FE I AN E B AR A K . 2 (NH4)2S04 3K & 0.8 g/L,
B C/N Jy 137 if, JhfiE =&, N 47909/L. 24(NH4):S04 W E N 0.2 g/L I, HikE
M, N 0.336 g/g.

18 ®DCW OLipid - 6
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5
14 g
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210 r
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6 2 S
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2 E
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i i | ey E— [ r===-=-- i | r=—-—=-=-- =l
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CIN

B 5-16 A [FI(NH4),SO, ¥ EEXF T. cutaneum ACCC 20271 1 iR 4 7= BIBL IR
Figure 5-16 Effects of (NH,4),SO, concentration on the microbial lipid production of T. cutaneum ACCC
20271
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5445 TUAED R4 5

T. cutaneum ACCC 20271 FH %4 & B A== s AE Mo i, &% latb s, 18IS <A
o8 - 5T B B F A (GC-MS) 23 BT 8 i R A4 7o it 26 42030l i v B TR 1l 43 36 5-2 Fios
B DUERE . bR . ARMEH AR . BIEIR . T Lhe iR, T LR MR . TRz |
MW WEARER, JURPEC MR, JCHRMBRM S ER S, HEER 69.13%, HIKONER
R REfREE . W, HAE0908 14.90%. 8.21%. 5.21%. %45 REHHAM S
TEIAEAL o 123 G P R A5 P 5 it AR 7= B R RE 3K — 25 S 5 0 BER oK R
TR A A 72 (R 2E W i 2843 AR AT

# 5-2 T.cutaneum ACCC 2027 F F 3% 4= 7= i A 47 i A AR BT R 1 40
Table 5-2 Fatty acid composition of the microbial lipid produced by T. cutaneum ACCC 20271 using inulin
Fatty acid Percentage
Myristate C14:0 0.13%
Pentadecanoate C15:0 0.48%
Palmitoleate C16:1 0.65%

Palmitate C16:0 14.90%
Margaroleate C17:1 0.26%
Margarate C17:0 0.27%
Linoleate C18:2 5.21%
Oleate C18:1 69.13%
Stearate C18:0 8.21%

5.5 /N4

T. cutaneum ACCC 20271 B4 HHA H ¥ e /1, FEHRWE G R 0%k K
fiff . T LA T. cutaneum ACCC 20271 H 28 -5 AR W hin 146 B A= 7= A 2B i AR 66 70 o 28K
55 JEORH R S AN TAE PRI A LR R AR T IR S e A

(1) T. cutaneum ACCC 20271 45453 7K fift gt i 2 i) T v A P8 20 AR pH X
FLRR T M HIE AT R T 5200 o X ) e I A 7 I R R AR 11 B0 JRLRE 43 D 25°C \B5°C
T B R AR IR B2 30°C 5 it DASE e o AR 77 v I 25 6 28 1 T Ak PR 20 K A 35 7K At il 1) A=
e RIS

(2) FEXT T IEHEIERIE, YE K& AMREAF T T. cutaneum ACCC 20271 H25#; 7K
BRI A=, 38K 7K BB 43 )ik $1) 0.457. 0.258 U/mL. T. cutaneum ACCC 20271
SR K R A 2 LB L TR BOOE , TRIR BE (20 g/L) ) 3 T 12 i 1Y LU il ity e
1, 0N 1.0226 U/mgCHL & 1) . T. cutaneum ACCC 20271 3§ ¥ /K fift i ) i % b K. marxianus
AI'S. cerevisiae 73 7K 84 79 f5. FrLAfnfa[2 5 T. cutaneum ACCC 20271 H 4 ¥ 7K fif ik
BET 0T AR T. cutaneum ACCC 20271 BE-5 A=W i T2 Ky R R SR DF AT 25 2 3 Sk

(3) It Ebxt R LR = ORISR T. cutaneum ACCC 20271 jiiflg i =, N 2.62 g/l
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TR R FEE TP 28 0 B i AN b R I AE 7=, 50 g/L 8RR FE R T. cutaneum ACCC 20271 1)
HRIE 3 0.370 g/g. WL AT AR A I ER 4H 43, & B T. cutaneum ACCC 20271 454
YN 3 K A = T A 321 I3 AR AT A S A S8 ok AR 7 I R A R



LHRIPT KPP HLEMBC 105 71

FoE HLiLtE5RE
6.1 25 5608 A

TR R AR JEORE DA AUE R T 0 S R i JSUR DA A IR AR 2 B R K
RO IR R . AT AR 4 22 AW R AMECRIET 12 BN RS ARRR, =AY R A=
B SR DR IR R} o 7 TRUAL R AR A AR B A, A 0 S ) R I T R ) AR K A
2. T.cutaneum ACCC 20271 ikl i 52 P4 B A8 3L sl 21 4 22 3 i A2 7= I R Bk
AL HERST T, cutaneum ACCC 20271 FI| F J5 KRS FF /K AR A= 7= 4 26 4 1ok g ) B KBk it
177 08, L4 #r &K L T. cutaneum ACCC 20271 £ HL X HMF. A HLISER .
FUEWEGENINZE 7], THRZERASKTR., 4. &5, 425 KPRA
PR fR, FEREEE  HMF, T F B K5 I 5 BRI R 7 o i B DR 4 A R A
I AZ B R AR T ) SR A I D SIS R R L A T 52 % A AR ) B A R e

2T R IA A T, cutaneum ACCC 20271 AbFR RS> 24 214t 1 2 1 K T 1R 7K 2
AT . BALFR 52T 4R 2B R FE K K COD 2% N 55.05%, 7£— & FEfE bk 1 3R
Bl . [RINE AT BAR — B AR, AR R S T USRS T & & A BOR
). AW R KT Y 3R 205 Tl R /K A FRAETRY () 7 °7. B9 5 JE A

SRR Z BSRIR S a3 B I A SR AR A S AR R O AR R SR
ZAFfTRb B, BN 4% T. cutaneum ACCC 20271 EL3:H)H A& F= A v Be, %k M % 2
S AR A R ORI A AR TR R SRR, X T. cutaneum ACCC 20271 Hi4g453 7K
i FC g 22 R AT 20 AT, IR aEAT AliAL
6.1.1 %t

(1) T.cutaneum ACCC 20271 RefS1E T KA F KM IR R AE K IF R . 4T
T T. cutaneum ACCC 20271 £ R KAEAF /K M v ity Jig 26 7 R e K% 70 o A F it g ik
AT AP SR R 12 AR S R 4 BRIk B o [ AR ) 54 BD100 FRitE(GB/T 25199-2010)
MIZEE ASTM #5itE. 2087 T T. cutaneum ACCC 20271 X /A Jifi 21 24 25 SR Y540 ) 10 o i 52
YER MR Re 71 @K IE R RS FR 7, TRk — P4 & T. cutaneum ACCC 20271
X A 5 A 4 2 SRR A P T TS 52 e 7T

(2) %I T.cutaneum ACCC 20271 B[R HBAT 77 HEE. PHee. FR. X EASH
PO R AT 7 T . AR HE L R 407388, % T. cutaneum ACCC 20271 frh AR g4
PR AR AT T MR BT X IE 7 IR & i 2 B £ -CoAL NADPH [FSKIEHEAT T 04T
%t T. cutaneum ACCC 20271 & AR A HEAT 1 I

(3) HRHHLLGEE FE . J R 4 3 A B R D% SR R xof v g e B v () 051 A A R g e A2 3
177 HEM, 35 HoAh = M IR B2 £ R. toruloides NP11. Y. lipolytita CLIB122. T. oleaginisus
IBC0246 HEATLLX . 40#r. 5 HAL =M ASEELEAHLL, T. cutaneum ACCC 20271 H & H
R B I o S i LR RS 3 ol R e it S S A
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(4) T.cutaneum ACCC 20271 AMET] LLTE B KB R K R A . BRI R IE g PR
JEKI¥) COD fetr, FIMHAELIRE KT RYERE. 1R EIEEKT, AMEF LS
TR B REE (R R K COD [FRAIK. SIMES&HAH L, F ik pH B33& & T COD I f%
fik. £ T. cutaneum ACCC 20271 43 j5 L BE K %% /K COD {EF#{K T 55.05%. %2
T i 4H 53 5 A I A AL R AR A A S A 7 1 SR A R

(5) FH AT B K AR ED T4 T. cutaneum ACCC 20271 L3 F) FH 3R 4740 o A= K Kt g
S, RINZERE G KEH MRS, RIS K. s KR . Zalifl 5 K %
fiti K /IN2) K 60 kDa. % T. cutaneum ACCC 20271 H1 5K 7K i 1) il 252 4 e I e A 7= 4 A
BEAT 0. CAZR MR, 7E CIN EbA 137 B, T. cutaneum ACCC 20271 ()3 g &
B, N 479 g/l. iZMIEFEEH C16. C18 BBk g TR AL, A AN AR iR i &
B 76.1%, 1] LME B S AE 7 I R .

6.1.2 QHA

(1) &HBFFRI T. cutaneum ACCC 20271 H & T FH A J53 2T 2 25 A= 0 o A 7= i 26
NEHIRE 11, FF B AT OB AL = (B RE o« B2 T BT & B AR S 3 755 & B BD100
PRAEFNSE B ASTM FrifE, J92E T A 5T 1 45 2% S AR Wity s 1) AR P 5 1) Tl A AR 77 B 7
WHERIIF IR LA fE

(2) BELEE . A HTHEN T T. cutaneum ACCC 20271 I ¥ 52 71 1 AE 4 A
AT REATL A, I et 4 2 DRI 2H 0 e of B A E 70 T AR 2 R TR EAT T T30

(3) F2H IR T g & B 7 SRR AT 4 R 2 R EE R K COD FF B i ig 1 5
W, RAYEFR QT R K R A BR AN BOAR TS T — AN ) S8 %

(4) M T LU SR B RS P ) T. cutaneum ACCC 20271 My I B bk ) 86 4 m L5
A AR B BT R IEFRAS T 2Rk AR 5 R R i A= et s ) BROAS

6.2 JEH

AR ST TN AR AR 3 i A= 7 AR 3T AT AR ) BR AN SRR A H R RURTT
I AE BERE T. cutaneum ACCC 20271 mI IR A4 2R BV . LBEREEIR K 2640
KT AR R AE = o RINHRR T — 80 il 8, Hx ST R S HLEEAT T A A 4
ME R, B2 LR AR — S TAEA R T — RS RE.

(1) T. cutaneum ACCC 20271 ANREAE &[] & & R K FEAT /K AR b 1EAT AR R g
77, IF ELAER 8 ORAE FEK MR R iR = o8 8.57 g/L, JF HURBEE MR, Frilali@
AR TR S . AR B MR T ORI T B T

(2) T. cutaneum ACCC 20271 REMEHLLF IR 52 A o3 21 24 2 R R B4 4 , H 2 LR
LI B AR IE AT » AT 45 Aol B A AL 225 R N2 KT 2 A E M
LA Wit SZ AL B e A AR R AS .

(3) WFFLH K I T. cutaneum ACCC 20271 AR AR K BAk: FEEE., 42K H
fift S5 FLpA, T ST T cutaneum ACCC 20271 Fi A 53 2 A2 =1l A i g 198 1 - AT 12 40
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(4) EART. cutaneum ACCC 20271 A& &l M5k /K B RE /1, (H2 1% R
B KT, B AT 3 S A TR . AU R A0 SRS 4R i i O Bl v AT i — P 4R v
TR B
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