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Study on the tolerance of Trichosporon cutaneum to phenolic compounds
and its microbial lipid production from lignocellulosic feedstock

Abstract

Pretreatment is the key step to destroy the dense structure of lignocellulose and promote
the subsequent enzymatic hydrolysis. However, microorganisms are generally hard to survive
in lignocellulose system due to the presence of inhibitors generated from the lignocellulose
pretreatment, so the detoxification step is always followed to remove the inhibitors.
Biodetoxification have great advantages on the removal of inhibitors, which can selectively
remove weak organic acids and furan aldehydes inhibitors without causing the loss of
fermentable sugars; however, biodetoxification has a low efficiency in removing phenolic
inhibitors. Previous results show that many oleaginous yeasts are difficult to survive in
lignocellulosic feedstock, even the raw materials have been deeply detoxified by
biodetoxification.

This study firstly investigated the cell growth and metabolism of various oleaginous yeasts
in pretreated and biodetoxified lignocellulosic feedstock; phenolic aldehydes inhibitors were
suspected to result in poor cell growth and metabolism of oleaginous yeasts. While cultured in
synthetic medium containing only phenolic aldehydes inhibitors and wheat straw hydrolysate,
Rhodosporidium toruloides, Rhodotorula glutinis, Yarrowia lipolytica are generally hard to
survive; the cell growth and lipid accumulation of 7. cutaneum ACCC 20271, T. cutaneum
MP11 were also significantly affected. The speculation of phenolic aldehydes inhibition on
oleaginous yeasts was confirmed. Secondly, the bioconversion of phenolic inhibitors by the
above 5 strains of yeast was investigated. 7. cutaneum ACCC 20271 and T. cutaneum MP11
almost completely converted 4-hydroxybenzaldehyde (HBA), vanillin or syringaldehyde into
their alcohols and acids form, then alcohol or acid are also effectively degraded; on the other
hand, the other three yeasts can only convert a small amount of 4-hydroxybenzaldehyde,
vanillin or syringaldehyde into alcohol and acid derivatives, and the acid can't be further
degraded. Finally, simultaneous saccharification and lipid co-fermentation was carried out
using wheat straw under high solid content, 7. cutaneum showed satisfactory lipid accumulation
in the actual system (40.87+1.85 g/L). These results provide an important theoretical basis for
the application of 7. cutaneum to the lipid production from lignocellulose.

In addition, the utilization of acetic acid and levulinic acid by 7. cutaneum, which were

main weak organic acids inhibitors from lignocellulose, was also investigated. By using acetic
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acid and levulinic acid as carbon sources for fed-batch fermentation, 7. cutaneum MP11 can
use acetic acid and levulinic acid for cell growth and lipid accumulation. This study provides a
theoretical support for the utilization of unconventional carbon sources from lignocellulose.

Key words: lignocellulose; 7. cutaneum; phenolic inhibitors; organic acid inhibitors; microbial

lipid;
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Fig. 1.1. Transesterification for the synthesis of biodiesel I"!
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Fig. 1.3 Different types of lignocellulosic biomass!
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VEAME DL e L BRI BESRANEY, Aok AR BT A8 #E e 2K BRAFAE VRO 1R g 1
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DLIBAATE AFAE IR 5T 214 2 K R, Pk B I AN e, I B0 20 By e 0 i 420 ] LAad
o B AR RS TR KRR, BRI ST IR P (R A DA 7 22 i R IR I R HLBRAHOC . AR
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Fo 17 PSRRI s 6 Wk i e B B4R F G5 SRS WA 2 )y e 4100 o Pt 2
P HIRIEERE =2 T SR AN . Gao SEBUAE 1 S G MBS HIHI ) 1) FOK KR 3 57
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R AH AT A AE Vi e A2 7 R 7 . AR R IE, IR LR OB IR
S5t M RE P AR SR ZL AR A, e AT B AT I EAS R AT R S AR, (H 2
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MP 11 2 AR S5 a8 i 3 1Y) — Ak AR B, BB A% LU 21 4k 3 I bk A7 v R 3 i R
B, PRICZ AR AE 75 B8 LA SN LTt P IR A9 T A0 A 7 B A ek v G AE 2 24 2 0l i 2
H R BB TR .
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LR LI IR A& AR 2 4 ZORUR 1A HUER S 0 b 6 2 B A 73, I HL LI
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BORZ o TUALERBINA R 2T 4 3R 45 F Rt 1 (2 1t S (1 OB D R, SR/ AL 2
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(B ERRACR IR HAR KRS (8], JF HEy RSN (1 5 4 L B T BUR T 21 4R 2 5UR
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VR 22 KT H Pk i A B B0 (R AT FE T AN S B AR 4, (ELRAE SR AR IR 4T 4 3
Fril e g 125 I RE T, B AR R AT e 7 AR LR IR A AL B 5 2l

BOIRZ2AIEERE . AR HE IREEBE . (R 2L A Ol BE . RS ZLEERRAE D9 IL A AR i B
Y ZWEIT, AEARWETU, VAL 5 RREERE CRLERPIRR BOIRZZ B BED AR 9 Fexd
Fo FENFEWT: (1D ESRAEVIBSELE R ZA KR ETR T 5 pRiAEA L,
FFAETNIN T =FACRNE B IR VDI 5 s IR 2k B IR DA B BE, SR T I E S ) 1 75
e R A AL B R A S 2T 4 2 JEURE A S ek i I B R A (20 $RTT 5 ARl AR )
FACIIREIIRE T, IFRT ROR 22 f0 e B (R Wy e AU AR HEAT 7 HEDN s (3D DLRCIRZZ fa g B
NIRBERIRR, 54T T (10 4 B SR A P AT W IR A, SR U U 0 0 Bz R 22 10 1
BRI AR A B MERERIRE R - (4) DLNZEREAT O JEORIE e [ 25 B N 1EAT 1 DAL 5 Lk
PO LE SRR A5 21 4 3K A 2 BOIR 22 AR B vl Hig A B PR RE

2.2 SEIRMER

221 REA4EERER

SR P /N REAT T 2020 AERKEE TR0 R B PHUSCER, T8 SRS 2 A AT AR AT 7K
WO B J5 T %5 B e fift o I PP IR R /N AR IR R AT R L PeF4ER
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22.2  SEERTR MRS IR EE
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(DSMZ); S4B R} Rhodotorula glutinis CGMCC 2.703 . [ 4T & 10/ £t Rhodosporidium
toruloides, CGMCC 2.1609 >k H H [E 5 i8 13l 2 ) B Fb Ol i 2R bl s R 2 O B2 1)
Trichosporon. cutaneum ACCC 20271 3k H /1 LAV A P B bk Ol e B s Btk ez 1
IR} Trichosporon cutaneum MP11 (B PR 5 A CGMCC 20481) 42 A S5 %= DL IR 2219
WeBE T cutaneum ACCC 20271 I J5 46 T Ml 1 B8 120 o I/ 06 15 21 1) — Mk i 7 FA e MR P £
H AT ORA7AE H ]38 388 i A A v b DR B o

i Bk HEEE Paecilomyces variotii FN89 (CGMCC 17665) 5 4= Sz 25 33 i 1%k
I3 B B —HRIE A T I AR AL B A Rk, B AR AELE [ S 38 G A ) B M DR B

o

-
v

W 5T B R RE 7R3 20 g/L glucose, 2 g/L KH2PO4, 1.0 g/L MgS04.7H,0, 1.0 g/L
Yeast Extract, 2 % Agaro

YPD 557%%E: 20 g/L Glucose, 20 g/L Tryptone, 10 g/L Yeast Extract; JH: [l {435 72 3L U8
hn 2 % Agar.

G R R 1.0 g/L Yeast Extract, 1.0 g/L KH2PO4, 0.5 g/L MgS04.7H,0, 0.22 g/L
(NH4)2S0s. Glucose (20 g/L 5% 60 g/L), LI ARSI .

223 FAIRFALE AT A AEY) I 5

TR AL BRI VRN FE S 8 Zhang 2R OOURIE 73k, PALHE 2 i
AR ER IR EE N 3.3 Y%(wiw, F TR H). S 1800 g 122 FF AN I B 72 TAL BE I
JE g e VR AT, RS e T 2KV SN 2 175 °C, A R 5 min 545 B FRALE]
Ja 22 AT

TRALEEZZ FT I LE D B3 (PRI FES B Zhang SEMGE 75 BUGEE S 22 FTF
B =LA 20 %1 Ca(OH), &A™ pH 2 4.8, X5 Paecilomyces variotii FN89
AT #5522 300 g TARERJE HIZ2FTFH, 37 °C TH:3E 2 KJEH 3000 g FI UG EL S AR
BRAFZEFTR &, IRGJEREN 15 L HIBLEE N as o, (BRSO 0.8 vvm, 37 °C HY5KAfF
NHATAEYIRRE, BRSUR B TSR R AN R AR B ARG . HMF, OR 4T
ZRER AR, R REL- 4 °C fRAF . SERL VO o3 i U AR b B4 IRk 2
FARTF0 R BRERTIFE ke, T 50pm FUREA I min, SRF5H 45 mL 877K 7857
W 5 g Wkl BCEIEHRIANHEIY) (AR, HMF. 218 K.

224 15 %l & BRI Z A K AR %

Sga i FHET4E R Cellic CTec 2.0 1 HR4E(S, JEAGEVE. 274k WS A G
WEE 4y 3104 203.2 FPU/mL. 4900 CBU/mL A1 87.3 mg/mL, EARMIE 777552 £k R
S ez lsel

INFEREFT AR AR 1 1] 25 20 R 2 HEAC Sy 28 e iy Rl l 22 1250 i Y 22 A 10 [ 25 B
N15%, FHERBEHE N 5.5 mg B A/g 44, RN KN 50°C, 150 rpm. BEAR 5 )
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FEVE T 12000 rpm T &0 HC BT, KBS FIGREIEAUE JE LR, T UEJE KR
BN 1.0 g/LKH2PO4. 1.0 g/L Yeast Extract. 0.5 g/L MgSO4-7H0 A1 0.22 g/L (NH4)2SO4-

23 LR

23.1 FhrEEsE

BUE B RS TR (RAEE-80 °C IRAF) IRAAE YPD ~FHi b, 30°C TH53% 36
h, BRECEEE BRI T 20 mL YPD kR 256, 30°C. 180 rpm F153E 20 h, #RJ51%
HE 10% R i N7 50 mL YPD ifAE; #2259, T 30°C. 180 rppm RH:FE 16 ho
232 R KEE

TR KRR : RN 10% (viv), FEiEAL G IEERERD IR N & S0 mL
RN 15 %I E KR T 500 mL #2fH, KEEAE 30 °C. 180 rpm/min | HF4E
120 h, H 5 mol/L NaOH &K 9146 pH 158 5.0,

My EAFAE T 5 BRI IR R B A K RE IV KIFEE S A | L SRR EN 3 L K
FEFRHEAT, AR FREAAS 20 o/L HIEFELL AL 0.8 g/L 4-f2 5K Il (HBAD. 0.8g/L %
B 0.6 g/L T &R, MyBMHIYIARRELT B K, N EEEETTHE &AM MK E
AT EE, SRS, KIS PRIBIBEERE, EMEN 10 %. KEETE 30 °C.
450 rpm/min FHF4E 72 h, KEESFE G 5 mol/L NaOH £ 4 mol/L HCI &K pH 18 4
FRAE 5.00 BFRG 12 h BURE Al 2 B v rh R A 60 W L 0 470 B0 A< FEE A TR B BE 1) CF U

My 8 T ROIR 22 fmE BRI HIR K VPAN . TR R BFAE 5 50 mL & B 7R 51
500 mL R HEAT, A RS FREE S 60 /L Hi & BEAN 0.8 o/L HBA. 0.8 g/L A HLEEA 0.6
g/L T &M, KREEFEWA T cutaneum ACCC20271 A T. cutaneum MP11, #FhE N 10%.
F 5 mol/LNaOH ¥ #T46 pH 18754 5.0, 7£ 30 °C. 180 rpm/min | & E# 120 h.

AP EALAL R BRI VA S IR SIS & O R R I 20 1271, firfdl F /N2 RS R
A& 5 30 % (wiw), 4RI INEN Smg EH/g A4E%. 7£ 50°C. 150 rpm
L 12h 5, % 30°C, LL10% (viv) BEFEIAN T cutaneum MP11 F-17,
FHEI0 1.0 g/LKH,PO4+ 0.5 g/L Yeast Extract. 0.5 g/L MgSO4#7H20 F1 0.44 g/L (NH4)>SO4.
RIFIRE R 30 °C. HHEEEHE N 450 rppm/min, BESEWEN 1 vwm, pH 4EHF7E 5.0,

SHANEL R KBRS 1 L A IR 3 L R b AT, W46 21 Bl P
BN 5g/L, REEFEMEN T cutaneum ACCC20271. X MK EE 12h 5T #MEL, AEEE
B 3 h EATAMEE, 5 UCRVEHE R ANEHRIBG TR 2.5 h, LT AMEL 8 Ik, SILIAIN T 45
g/l H&EINE. SCIGAHREE 12 h JEIN 1 g &, 20 h 5N 10 mL 500 g/L & % HE,
4 hJEEIN T g B, BEE LRI G RN TR SRR, RIS A%, EEZ
FE 9 Wk, JLEIN 45 g/ HAEBER 9 o/l LS.
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233 AR E

UM (dry cell weight): =H{ 25 mL B A 50 mL B0, T 12000 rpm R &
O 3min, £ EIF, BEEIE A S IS Bl AR B R R R BRI (E & TUAD, 7 60 °C
MAEH B 120, BREFETE.

CFU (colony forming unit): HUKEESFEH IR, F R KMRE 20 YA, B
100 pL Mk f5 B IRATAE YPD ~FAR b, iRAGE PR E T 30 °C KIIRAEH 1% E 36 h
JE SR TE AN BN EURE R Y CFU, CFU 38K A% B0E SONERRBURERT 5 21 CFU 5
0h ) CFU [ L1 .
2.3.4 HNESEEL

AR TRECR A H - S EPY . gl E IR e ARG, AR B I i N & R
N 4 mol/L i) HCl ¥, MR THEARIFRMIES, 4 h J5HEIAH R4 50 mL
BT (HIEE HCU RS s I _E sk Rk, E8 2~3 ), BELMEETE
JAHE 3R KR 10 min J5 IRGEFERE B UKOK AT, (A0 SE . RJE NGRS
RS/ HEE (2:1, vv) W, iR FASAR Lh, LR T EOEERS =, B TE
FUiAEE R E 50 mL 2 RZEMRECHD, 5T 80 °C MERKEN, HEX
iR R 5e4s, BJEHEHEZERIE 65 °C JAR T Bk sy, MREGIHRMEER.
23.5 S EENE

S A B I 8 J7 v N B ) Folin—Ciocalteu £ 1281, 200 mg (T H#H) A =R
NH 20 mL HESAER (95%, v/v) ZHL 48 h, ZXEUET 12000 g 250 5 min B B, B
500 pL _EVEWRE 10 mL 3RS 1 mL EAREHRTT (15%, viv), BEIEIA 4
mL 0.7 moL/L NaxCOs, #EYe4/F FMM 2h, 765 nm JERGE. Bl 100 pg/mL ¥
THRVET, BLOuL. 100 pL. 200 pL. 400 uL. 600 pL. 800 uL % & T FRIAWAE AEE
2 AR 2 .
23.6 = AUBAH (g o p

MR OFiRE. HMF). LR, CMENER. # &I FEFARE 1) & il HPLC & &4y
#T. 44 Bio-Rad Aminex HPX-87H, Auill#} 4 B RID-10A /R 2Rl 4. 774540
N B TARRE R EN 65 °C, LS mM B VR s e b, szt
% 0.6 mL/min, FRALZERTINES IS ASE G AR, HEFEEN 20 pL.

HBA. &R, T &M K. RIS E@E HPLC EE&E08r, BARES RO
fRFRIEPY, A YMC-Pack ODS-A(150 mmx4.6 mm), #6#8 4 SPD-20A % UV/Vis
EAMEMEE, A KN 270 nm, IS TAERE B E N 35°C, #HFEE N 20 ul.
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24 SR5R

2.4.1 T AR BRI P A T £ 45 ZR /K MU 9 A 7 Sl A A g

FIFHA 0T 28 4 22 Rk A 7= B A 42 1ok I 1R — 1 B T2 T B 2 T R e 0% 3 R I 4
PR FR, DMERITTTCRA, 07 (0 i T B A DUAE A o £ 4 K i 2B, BT
fs L0 BT s FH ) 80 TRAL B AR B 2T 4E 3R JERLEEAT 1 IR FE I AE YRR AR B o AHIT 5T I
NI EEANSIY) A FT 2 SEOZILR K AR, FERHZRE AT T 5800k .

N T VAR I R B RELE AR ) M 55 S TR A o 2T 44 2R /K AR A R 1 200 i A R i AR AR 2R
71, BAVERET 5 W PeEERE: T cutaneum ACCC 20271+ T. cutaneum MP11. Y.
lipolytica DSM 3286+ R. glutinis CGMCC 2.703. R. toruloides CGMCC 2.1609, 7E 15% i
BT KRBT IR A B o WP 22 AT /K AR AT sl , BT L 5-5 FR S M CHMIF)
IR CBENTR O 24 84 B (HPLC ARAGI tH DUMA 57D, (H 2 My e i & &
SRELE . HBAL FHEE. T AR = Ay BEIn sy, 255 my 30 YA 2 1)
WEFE i FE B S R, R I A4 0V BT AR 23 0 5 1 =My e U o P 2R A0k, ot
b, AL P I AR A AR Y RE AR D I RSO T oy Bk VR A I BEARAIS,  ROfsid
5 Tl S5 At T B AR e DA I S B R By R AT 0 o DRI AR 9 0k P A R £ 22 AT 7K AR
IR HBA R, T HBET 7 e &0, HemBHEamE A irw.
A, SEKEE 690.00 mg/L, RS I EEAIEIY) HBA. HEEE. T HEM
WRESr 9N 60.21 mg/L. 79.62mg/L. 30.34mg/L (B 2.1). b b, EHAFE AR
R R JFOR A, R B EE A ) CATE AR T SAEAE, DRI AR G BE . A5 i 23 4 DA
SEA BRI, AV ERE BT DL A LRI, (R FE B S s R A A, I
FLR R AR S R FT R R G ACKE . (R, BENfEid AEMisE, U9E KEMEE T
AT IERL T, FERG R, A By R R TR AR T

690.00

700

600

500

400

300

200

Phenolic compounds (mg/L)

79.62

60.21 ‘ .
| | | 30.3

Total phenolic HBA vanillin syringaldehyde
B 2.1 15%FFKERTER. HBA. FEENT ERIRE

Fig. 2.1 Contents of the total phenolics and the representative phenolics (HBA, vanillin and

100

0

syringaldehyde) in the biodetoxified wheat straw hydrolysate
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(a) Dry cell weight

R. glutinis CGMCC 2.703 ¥

R. toruloides CGMCC 2.1609 [/
Y. lipolytica DSM 3286

T. cutaneum MP11 F

T. cutaneum ACCC 20271 F

(b) Lipid production
R. glutinis CGMCC 2.703
R. toruloides CGMCC 2.1609 4 0.
Y. lipolytica DSM 3286
T. cutaneum MP11 |

T. cutaneum ACCC 20271 §

(c) Lipid content in cells
R. glutinis CGMCC 2.703 | 0.00
R. toruloides CGMCC 2.1609 [4:0.06

Y. lipolytica DSM 3286 |/#+0.07

T. cutaneum MP11 '—|—' 0.58

T. cutaneum ACCC 20271 %0.43

0% 25% 50% 75%
Lipid content (%, w/w)

B 2.2 5 HRMAREREE 15%FF KM P BT AR R B
Fig. 2.2 Lipid production by five oleaginous yeast in wheat straw hydrolysate at 15 % (w/w) solids loading
(a): 4HMTE; (b): W/~ &; (c): JlZE
RIEAAT: IREEN 30 °C, #I46 pH 754 5.0, #1354 450 rpm/min, JHSEN 1 vvm

i 2.2 BoR, 5 R IREERELE 22 AT K AR P B AR R0 DA B il B 7= A7 7 B 2 22
So K 1200 J5, T cutaneum ACCC 20271 HIZH T2 . g~ &4 Wik 5] 29.51 g/L.
12.64 g/L; T cutaneum MP11 FJ4HAET- 2. JHAR =& N 25.48 g/L. 14.86 g/L. TMi{EAHIA
33254 F, Ylipolytica DSM 3286 R.toruloides CGMCC 2.1609. R.glutinis CGMCC
2.703 7r N REAS 3 15.48 /L 6.34 g/L A1 1.73 g/L 4N 5, I HLV&A K600 5B 5 1)
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HARF R . LG4t R Yiipolytica DSM 3286 R.toruloides CGMCC 2.1609+ R.glutinis
CGMCC 2.703 1EZZFT /K A A I AN AR A 77 52 1) 1 WA, 110 T cutaneum ACCC
20271 5 T. cutaneum MP11 1EZFF /K AT BB B s AR KA AR AR 2R AE
2.4.2 TR BRI PXT i TETEREAE K 52

FEVMERIRE TR, By I IE AN Oy i I A ek B b () — M E EE A, H 2
2.4.1 BSEER &S TR, AEA I AW i 75 Ak 35 A5 Moy AT o1 420 EA) 22 FT /K R, it i
B AR B T RSl 1Rk — IR ST Ey I SR A s Tk R IR BEAE IR B
BTATE 7 =Fh BB : HBA. B SR T A IR AR AT A 4 2 K U5 1) BT A Ty 1
FFAOLOR, FESH FIR =R AN S ) & s TR AL R 55 7R 5 MR IR BE, W E =M
oy SR A I &2 BB BN 0.8 g/L. 0.8 /L 0.6 g/L. sl 4nt i fig B 1 AE K
sz gl 2.3 Fos, EREMHIYAEREL Y, 5 RllEEET RE T cutaneum
ACCC 20271+ T cutaneum MP11 H3L T BB A E K . CFU B BoR T 4l
AR RN ) AE KIS RE (B 2.3 a). T0 cutaneum ACCC 20271, T. cutaneum
MP11 fEREEFUR 36 h N CFU %A HILEH B4k, MLt iR i T A K AEwi B, 4E
FASE R S CFU PRdig &, Pl B A KA e 1. M Y. lipolytica DSM 3286 R. glutinis
CGMCC 2.703. R. toruloides CGMCC 2.1609 =¥k flaB# REE R B 24 h J5 CFU JFG R
b, 720 J5 76 CFU JERL (R IR IR, o AR 1) o 5 AR BF )3 & B T AE HE 42 B
T cutaneum ACCC 20271+ T cutaneum MP11 £ &% 36 h WA IEHE T/ E I H &P, 36
h G, BRI DR, JFPUEERESE 20 o/L WA AR, 1 Y lipolytica DSM 3286.
R. glutinis CGMCC 2.703+ R. toruloides CGMCC 2.1609 1 K& IS #2 v LT 15 TH FE i %
B (Bl 2.3 b), & FE SRR M AR KB DU AL . eSS S R BE XS 5 Pl i
P BF (1 40 PRy S BB AFAE B2 0], 1H T cutaneum ACCC 20271+ T. cutaneum MP11 &
N TALT T SAREERE I EE I 2, 45 2.4.1 [WERER A IR LIS I EE DI 4) A2
T B0 NE R BEAE A o A 4 R AR R AR K AR A R I EE R .

—O-T. cutaneum ACCC 20271 —-O-T. cutaneum MP11
—8-Y. lipolytica DSM 3286 ——R. toruloides CGMCC 2.1609
—A—R. glutinis CGMCC 2.703

(a) Cell growth
60

50
40
30
20

CFU change

10

Time (h)
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(b) Glucose consumption
20

Glucose consumption (g/L)

Tin:?((e3 (h)
B 2.3 BB E ik e e B 0 AR K DA R A BT e
Fig. 2.3 CFU changes and glucose consumption of oleaginous yeast under the stress of phenolic aldehyde
(a): CFU changes: BHAKIEFEH CFU ZBAEEL CIURERTY CFU 5 0 h CFU [WELED; (b): K
R PR G G (R0 % B P 5 EDURE I 81 2 W VA P2 P 22 48D
RIS RIBEAESA 800 mL & i 7R 2E 1 3 L RIFME T HEAT, REHREZ A 30 °C, pH 42HHI7E
5.0, ¥:3# KN 450 rpm/min, WS EN 1 vvm

243 MG IPERERE A M A0 )

TOCHE A0 ) 22 PR T 52 A 3 5 B e T JHC e 2 e 0 ) 4 ) 0 2 A R s MR I R AR
B RE IO 120, I AR A % A T T B A DL RN SN T I e A O B R
I, SR I /5 1 T T T P A Ry B, 7 Ty I ) DT M % A B R s S8 2B )
RENSIG T R — P A . FU T B SLe 45 SRR, (EMyREHNHI I AAAERS, 5 MRIM T REAY
ARBENRIH T EZEER, FIREOIRZ B ERS HART H A = AR A K R
XERE EAT BB R IS . B, FRATE—PIRI T 5 PRIEREG 1L = Fh it
BTy 1) 20 ) ELAR AR Do

5 KR AR EE RS = Ay S HN I 0 A T L an B 2.4 s o K% 24 h B, T cutaneum
ACCC 20271 TEH4 53 (1 Iy e i A0 R HO B B S R o K% 48 h I, T cutaneum ACCC
20271 % 0.8 g/L &EI[E. 0.8 g/L HBA e ieth, JF HAE G S A lms. it —P 0%
filt, KIEFLEHRET, HBA KHEE. RS EELAN0.13 gL, FHEELLE., RIS ETE
2158 0.06 g/L, HRZAKTHEEIPIEIKE . T cutaneum ACCC 20271 %f T &AL S
S EEEE A HBA MLl REE 72 h i, THEERIRE FREE 0.05 gL 4, Mk
YIRS SR 0.56 g/L FEKZE 033 g/L, XM T cutaneum ACCC 20271 X ] FEEHY
AL R T BALT HBA MEHEE, XAgel T THEN T ESR LS AEZHHEA
3. T cutaneum MP11 BRI S T cutaneum ACCC 20271 AHLHI By BSR40 BF 1 . R
72h i), =FhE RN S R FR I A AR R PR, ER R R R AR A A A
WRETE &, IXPTEERZ RN T cutaneum MP11 240 M i 55 7 DA S AR KRE A BT K o 125256



BRI KRS Wit At 0375
GEHRBH T cutaneum ACCC 20271, T, cutaneum MP11 G206 HBA. ISR T FH g

WO BRIIEI, SR HE 20 BefR =P BEF AL B B PR

(a) T. cutaneum ACCC 20271
B 4-Hydroxybenzoate

B 4-Hydroxybenzyl alcohol
B 4-Hydroxybenzaldehyde

.08
=
=2
wn
S 06
5
(@]
o
£ 04
(8]
o
5
S 02
e
[a

g
o

0 24 48 72
Time (h)

(b) T. cutaneum MP11

4-Hydroxybenzoate
& 4-Hydroxybenzyl alcohol
B 4-Hydroxybenzaldehyde

E 0.2 e %
) 0.0 %
i 24Time(£rl§ &

(c) Y. lipolytica DSM 3286

4-Hydroxybenzoate

4-Hydroxybenzyl alcohol

B 4-Hydroxybenzaldehyde
0.8

_ o 7

0 24 48 72
Time (h)

B Vanillic acid

@ Vanillic alcohol

B Vanillin

24 48 72
Time (h)

& Vanillic acid
@ Vanillic alcohol
B Vanillin

[

%7

3
I

A\

24 48 72
Time (h)

B Vanillic acid
B Vanillic alcohol
B Vanillin

24 48 72
Time (h)

0

Syringic acid

Syringic alcohol

B Syringaldehyde

24 48 72
Time (h)

Syringic acid
Syringic alcohol
B Syringaldehyde

S

24 48 72
Time (h)

Syringic acid
Syringic alcohol
B Syringaldehyde

24 48 72
Time (h)
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(d) R. toruloides CGMCC 2.1609
B4-Hydroxybenzoate B Vanillic acid B Syringic acid

4-Hydroxybenzyl alcohol & Vanillic alcohol Syringic alcohol
B 4-Hydroxybenzaldehyde EVanillin B Syringaldehyde

Phenolic compounds (g/L)

0 24 48 72 0 24 48 72 0 24 48 72
Time (h) Time (h) Time (h)
(e) R. glutinis CGMCC 2.703
B4-Hydroxybenzoate & Vanillic acid Syringic acid
B 4-Hydroxybenzyl alcohol & Vanillic alcohol & Syringic alcohol
B 4-Hydroxybenzaldehyde B Vanillin B Syringaldehyde
0.8
<
2 06 Z
n 0. e s 7 LA Pz
§- [ S %;‘%
£ 04
(o]
o
L
2 02
(0]
<
o
0.0
0 24 48 72 0 24 48 72 0 24 48 72
Time (h) Time (h) Time (h)

2.4 AR LB
Fig. 2.4 Bioconversion of phenolic aldehyde by oleaginous yeast
(a): T cutaneum ACCC 20271; (b): T. cutaneum MP11; (c): Y. lipolytica DSM 3286; (d): R. toruloides
CGMCC 2.1609; (e): R. glutinis CGMCC 2.703
RGN RIBAESH 800mL A b 7L 3L AW B2 thidi AT, RIFIREEAN 30 °C, pH #HI7E
5.0, ¥3%°M 450 rpm/min, S EAN 1 vvm

Y. lipolytica DSM 3286+ R. toruloides CGMCC 2.1609. R. glutinis CGMCC 2.703
MRS AME (F 2.4 c 2 2.4 ¢) . RIFIIFEF, Y lipolytica DSM 3286 REf% ¥
45y HBA. HFEMEFEANSNEE. R, (H2JL TR T FBHITHAL: R toruloides
CGMCC 2.1609 B&¥7> HBA AN M HIRE. IR, (HARRKEREE. THBEHN
BERITE: R, glutinis CGMCC 2.703 g4/ D &1 HBA, A NHEL. RITEL,
HRA AR DB T FREHE NIRRT BIRIX =PRI RE ALy 30 H P 68 1047
TE 28 5, AR R I 25 RIS #AEAE K B I R A, I B =F b &0 B &5 A b,
XEERE CAIANGEE T cutaneum (ACCC 20271 F1 MP11) JBkEiE— 64k 4- 52 L5
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MR, HFEIRA T HFIR. SCIeas Bl X = PR IR EE BT B — € I I e A 9l . B
FRIIRE /1, ABRFEAREAR, I AR BIREE — B HAL, [RIHAS R TH Bk M 10 ) )
PR, FRAT R HI AN S 1 R R A
244 BOIR 22 I RRAR Py 18 R A B0 HE

K 22 B A A 52 Ty 1 SIS 400 1) 47 1 A BERATL ] 3 22 2 A0 I 0 Ul 55 Dh RE A = 1) 4
3 TR s I8 e B M A i P P A i S R B PR A R B, [ B 1 AR A A B I BRI PR
DL R BRI R AL S0 B 5 52 o (H 2 LA MR dg it — SR, &4
Ji% TCA EHH I FERh L & el FAb i T # A . Hu PU% T cutaneum ACCC
20271 ¥t HBA. HEEE. T HBEMAAERS LT VIR 2 T cutaneum ACCC 20271
SrAILL HBA. FELIE . T HHEOAME—RIFRT, HBA B8 HO0 B BEERER, 48
Ja 4-FR ORI — DA, BRI FEN LS HBA KL, HEFRERMT
FIRIFARP I — DAL, MRERKBRTIRE . Rk, L HBA JyME—iriE
BEAT T ONI 20 RS HEAMNELREE, T cutaneum ACCC 20271 FRE T 0.85 /L [ fig, iX
UM T T cutaneum ACCC 20271 HA — 2k Beot 4-F2 3R AL N L4 A HOAX
Wha M. HT8RZ T cutaneum WIZEH R TR, HEE4 S MA M SCEIRIE . T cutaneum
ACCC 20271 HFE DK 245 S5 DA B S5 45 SR gy 18 W] RE A7 7E AR R A2

T. cutaneum ACCC 20271 feLL HBA AME—BIEIEATAEKAMIEIR R HEE AL
FRIEE U I ME— TR YRS, A R BT A I e AR R B T cutaneum ACCC 20271 ¥4k,
NEFERMT EHR, JEARET A KACEH AT A H BRI . AT, AT INAL &
PEAAAERI 5T N T cutaneum AMYUBEME R S, T HMERNWONERRR . T &M, M HAE
BERR. TERIE DM, TRET RO AETERZN TR T cutaneum ACCC
20271 B SG E R T BTG . 2 HT1E 2.4.3 1, HAUE I R SEie 45 R
T AR 22 f TR B A A RIS R R 2R B B 5 T T & i, DRI U Bl dE AT 1 o ek ek
R FVELRRETE 2.3.2 34T T VEAHFEIR, 20t 224 h (50 fbabkl S, SROGd 3L T 45
g/L B EHER 9 o/ & RS, X IR LI T 45 /L & WE . KL R B IR, T cutaneum
ACCC20271 REREAE 20 h WKFREGAR NI B L BE AR, IF HAEEUCMRLAT L0 & 5
L BRI R o I 5 A A I A oo 2D B, BA M AS IN  E ) Si e 20 )
M2 AR E A R AR TR R A, XU A A REYE T cutaneum ACCC
20271 FAL AR AR AR BT AR IR . 78R EESS R Ja, AT DU &R 3 & B 1 0 £ e
PO (R T FREERNAAERUM RIS, X5 T cutaneum ACCC 20271
AT IEH MG KRR G AN . 56 7 MANE R ESE SR AN FRSCIG I G, HED 2 B |
THEBEIHF B T cutaneum ACCC 20271 F— L HAKH ARG A, 1A W] BERE 4L
Frh RO R B ORATR, JATZE0E A LA DU $h BRUE S5 T iR IR U A
2, R T RO AR, XA S VE T ORE . BRI A, s T, 2
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#2671 HFREL KT Bl
TR AR S B BRI A . 2T CRRE o By AU B AR A s P 1220 T
cutaneum ACCC 20271 [FEEFA(E S UL UL ESRIRas AR, X BOIR 22 f i BR i 4k
HBA. FHEWE. T HFBEMAQBEECHAT 7 EHHIEN (& 2.6). R MR JeiEt
ity PR AL PR AT 300 S oK HBA S A S AT A i SR N B R TR 3K, S S8 1R A B Ak T 31K
L SR JE I AT e S R RN IR R . TR, 4R R R R L
RIRITH BT R, ARG B-B O = IRER AR F A N IR DT IR A R AT A& e 5 B A
5 4- BRI AE, FERM T FR TR AR T, IR)5 R it — b
AL TR BRI . BT BOR 22 famE B ) 2L DR B T HRA AR sTh i, HuiiiAse
51 A T BOW R B AT ST

N

\
/.

(a) Vanillin and glucose coversion

——Glucose —A—Vanillin
—~ 6 —A—Vanillic alcohol —&—Vanillic acid
=
[0}
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3 4
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£
= 1 A A
c
g 0 5 A XD A 25 ;‘,‘:‘:'
0 24 48 72 96 120 144 168 192 216 240
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(b) Lipid accumulation

=@DCW BLipid production ELipid content

18 56.40% - 60%
- _
o @16 L 500 2
g cl4 =
I212 - 40% S
33510 =
29 g 718 2333% [ 30% 2
O < -~ o
Oz 6 L 20% ©
2 4 °
- o
) L 10% 5

0 L 0%

Control Vanillin

B 2.5 T cutaneum ACCC 20271 UEERE. HERARITHAT bl R B
Fig. 2.5 Lipid producttion of 7. cutaneum ACCC 20271 by feed batch whlie vanillin and glucose was
used for carbon source
(a): FFEBEREAL LA EIHEE#E: (b): SEOQZAIN REZH A 4n T2, bl &oAn 2 ih
RIEEFAF: N 30°C, pH #HITE 5.0, #5384 450 rpm/min, S EAN 1 vvm
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B 2.6 T cutaneum ACCC 20271 [&f# 452 FLZ IS, FHEE. THEBIHBENHE
Fig. 2.6 Putative degradation pathways of 4-hydroxybenzaldehyde, vanillin, and syringaldehyde by 7.

cutaneum ACCC 20271
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2.4.5 PRSI VIRT BEIR 22 fOI8 R IR A I 52

I SLEG 45 R0 T cutaneum ACCC 20271 F1 T, cutaneum MP11 B A Bam i)
A 32 4, OF BAFAE = MR A R ) AR AT . BRI, 3E— DR
FEFNHI RS T cutaneum ACCC 20271 F1 T. cutaneum MP11 JHAEF R BE S50 . LEARMY
BHyseiirh, & AR T A A B IR BN 60 g/L, XS IRALANAS T AT 4 7, sk
B 205 BRI 0.8 /L HBA. 0.8 g/L FHEEA 0.6 g/L | &

(@) T. cutaneum ACCC 20271 mDCW

OLipid production
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K 2.7 BAEERMNET T cutanewm WG KB
Fig. 2.7 Fermentation evaluation of 7. cutaneum in the presence of phenolicaldehyde
(a): T cutaneum ACCC 20271 45, e/~ &M EME: (b): T cutaneum MP11 HIAHHRTH |
R R
RIESAT: 30°C, 200 rpm, KEZ120h, ¥I4h pH 54 5.0
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SIS EERNE 2.7 s, KEE 120 h 5, T cutaneum ACCC 20271 7E T B34
TSNS BT 45 21 i) 48 B S A IR 7 & 20 0N 20.54 g/L. 9.59 g/L, ENIniy s 5 o
3 2 A0 E A IR & 2 AN 16.02 g/L. 7.70 g/L, BBEFNHEI P AFEE T cutaneum
ACCC 20271 HI4HARAEA AN AR B 73 0 FFAIK T 22.01 % 19.71 %; T cutaneum MP11 £
G By I U0 1| 2 5 T i e 4 28] () 48 - RS IR 7 223 70 9 19.26 g/l 9.32 g/L, Ny
P L 0 I e A 380 PR 40— EE RIS 2 & 20 0N 15.03 g/l 7.93 /L, M) i) 47
FEAE T cutaneum MP11 {UAHRAE AR 7= 200 3l B4R T 21.96 % 14.91 %. 2R 1-5 7
n 7 e e AR L, Y EEAFAER T cutaneum ACCC 20271 A1 T, cutaneum MP11 1]
TR IFEA T, MBS TR . SCe a5 B B EE RN ) BAR X T cutaneum
AR MASEIER, H2IFRAX IR S A s, WE =80T
et T4 A E R T EmEIEmAE R Rae DA k. KA NG, ERKBRTIFRH
ARGr 0 33 My e A0 £ P AN R e o AE0T RZELAN SR ZH o, PR B 22 fO R B AR B AR [F) & &
&R, (2 dyENmE - E S TR, 46 244 MR R, HEEOR
2 R RHEACI B B AN (B0 T AR R o 7 ZH #E K2 NADPH.

2.4.6  [FEPESL R EPEOT B R 22 018 BEAE S b4 58 b ) % T 1 e

M THT R S50 25 SR RT AR, RtR 22 A B £ By B AT 1 0 A7 A2 I T B R B ()

NEARRAE T, HR AR BT LT 4E 2 MRl A Vit A ) SE PR 18 5 76 & il 75 B v gk A7 1
AR EAAAE ORI ZE R o ARSI IR A B SEPRIE RE T, A T BRI 22 17 B 24k
(R AR, 3 R FH v [ 4 B = 1 [R] 20 BB AL L A B oRAS 21 =R FE R AR, AH iy [ A 5 =
IR B A 4E R AV B h & B 2 FANE R ISP £ RE R I R R, By
P 2 AN DT b AN [TV i 2 VA T, T R P T 200 BRI R ™ A R ) 2 1901, TR [
A BEAL L T TR AR PR TN 52 1A S SR o A 1 VP BOIR 22 i  BEFE Sk R 1)
KRS, SRR ZAEELE T cutaneum MP11 N R EEFE R, FH DL 30 % & =&t

oA BRI A= 9 it 75 1) 22 R R A3 AT [ A A = i g

23t 12 h WFREAL,  JEURH R DLSERETE A AE BOARE 78 S B fil il i g, TR 4R
{1071 2 WA B 0 BRI, T B 1 v A T e BN B AR AR . SEER S R AN 1A 2.8
N, KIEHET 24 h, T cutaneum MP11 &b TAEKIEF . KB 24 h J5, T cutaneum MP11
THIERA B g, Se R 2 S 2T TR (AT R AR 4E 2= R SR AR i s ) o K%
48 h 5, T cutaneum MP11 FFURTHFEARNE. K 120 h J5, ACHERIH £0E 56 SRR,
WIS T cutaneum MP11 A2 T 40.87 g/L WIilE . %0304 KR, fEmbE S ERAR
FAdRAKRT, T cutaneum MP11 S G858 M AR & EE 71, T cutaneum MP11 &
— PRI W JI BRI L TR o 47 4E 2 e A BT AR R BE
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Fig. 2.8 Simultaneous saccharification and co-fermentation (SSCF) of 7. cutaneum MP11 for lipid

production

RIS 30°C, 450 rpm/min, pH #5H7E 5.0, BSEAN 1 vvm

2.5 /NG

A EE T EARGT T By WA 42050 Jih AR e BF ) AR AR R AR R 52, HUBE T 5 kb e
EEREEAL T AN R DB BE T, VRO T BOIR 22 B BRAE AR T 4T 4E 3R AR R P BT IR AR R
PRSI T

(1) FEZE APl 75 2 B Wk Mee 1 MR LR S-AM 1) i B 22 A /K v mh gt A7 i g
PR, Y lipolytica DSM 3286+ R. glutinis CGMCC 2.703. R. toruloides CGMCC 2.1609 J1.
ALK IE HEA HIHERMAEF R, M T cutaneum ACCC 20271 F1 T. cutaneum
MP11 BB A KA AR R e ). 725 A =M BB My e A1) (HBA. &3
AN T &) WA TR P R IR AR BN, T cutaneum ACCC 20271, T. cutaneum
MP11 fEZ8t 36 h B ZE T 1 5 46 24E K IR PR 28 A KA € 1, T Y. lipolytica DSM 3286
R. glutinis CGMCC 2.703. R. toruloides CGMCC 2.1609 JL-FAREAEK, UL EgE RIS T
Py 28 0 1) 20 s 225 B ) 22 AT K AV b S e ek I R B AR E L RT3 . I BLAE IR SRie
i, T cutaneum ACCC 20271 A1 T. cutaneum MP11 #%1EH B B 47 #0118 30 1 0 i 52 14

(2) LEEA = 7Y () By B 4 1) B SRS SR B v s SR i IR B BF el & o
TR LR G NS . BRI & & . T cutaneum ACCC 20271+ T, cutaneum MP11 7] DL 42
TR I A T N . TR, RS IR — P4k, 1 Y. lipolytica DSM 3286 R.
glutinis CGMCC 2.703\R. toruloides CGMCC 2.1609 1Y f& 45 /15 Py s 1 Ak, g T 1 B 73 1

(30 X HEAMEL AR B I 45 B R BOIR 22 I BEAS BER 2 s IR AN T B IR AL N A=
MG o xF BIR 22 fRERRH By I AC Y BRAZ HEAT 1 HEDN, HBA W] DL O 4d R A, T
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Fr BN T Bl V] Be e N S B L R AT .

(4) Ty B AT P ERARO0F R MR 22 A e BRI A2 K AFAE — € AMHIE R, (H& X Rtk 22
IR B I B BT AT e o DA/NZEAS AT N JERHE S I & 2 T T RE R L 53K
’%, T cutaneum MP11 1] LA 52 By i I R a2, FERLER T 40.85 g/L IR -
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E3F FRREMEERF AARRSERKIFERBVERE RS YmbE

31 3&

LIR . CWR SR & R UF TR it £ 4 2% Tl B AR oA WL SRR P i £ 2oy &
HE AL EE 5 (R A 4E R R IR R . B2 Tk, BIL AR LB ER I 1E
B FE i 0. BRI DAL, ZBRRE & TV R F R0k 117 [ 5 b 4% % A HLRR I 3 22
By, XL EEA HLR ) 73 B 2L o RHE, BRI AS B A AR AR 0 b S AR B
I, 2. ZWNER P LME A M R A BRO B, IF B T2 e R BN &
WIS . CERAE CIeAHEE A & BERITE T B AN OB A, SN IRIE
it 5 P EER SN AT DL AN SRR A RIS A, e ATIRIE A LT
B A A R AR BCRL, B B0 A0 28020 2 e T 0 e W R 55 B R, AT DA
AR A 7 B R 78 R

T. cutaneum MP11 UL T. cutaneum ACCC 20271 Sy Hi Jk B AR 8 e i 250 i e 15 21 11
—HRE IR R, R E AR R P P O o A AE N AT IR AR, AER AT YRR A R
WA BRI ARAR B BE JT, e —MRARCE N BT S BB A A R AR AR B IR B R
SR I T 45 SR B BOIR 22 FR I 5 mT DAKE Py I 400 70 o 1) HBA e Ak i g . A
AKEF, FAVRT T T cutaneum MP11 R LFR . LBE A BRBEAT I A= 0 Big A2 77 I AT 47
PE, ZWIRY KT T cutaneum MP11 HIJRP)) &1 . R 5T £ 45 2 K U5 ) 3 5 FLDR IS Y
AN S SE AT FRAR AL 1 R IR .

AT FESIGHAEWT: (1D 3R T LR LBENERXY T cutaneum MP11 K
IFEMAR] T cutaneum MP11 R 4 TR . CBENBRICIRETTs (20 LU &1 AN £ 1R B30 49 B
R B BRI EAT o ANEL B, BRIC T T cutaneum MP11 P ZTRA SR IN TR &
FCAEPIM AR RE T (3) AT I fHAMRLR B, K5 T cutaneum MP11 DL LFREL LR
i D9 ME— B Y ATk i A IR ) e

3.2 SEMRl

KW BORZHEERE Trichosporon cutaneum MP11 (i fRjE 54 CGMCC
20481), H A PRAFAE H FElH 38 Sl A= 4 T b DR B o o

YPD £537#3E: 20 g/L Glucose, 20 g/L Tryptone, 10 g/L Yeast Extract; H: AR FEFEUs
hn 2 % Agar.

E R FRFE: 1.0 g/L Yeast Extract, 1.0 g/L KH,PO4, 0.5 g/L MgS04.7H,0, 0.22 g/L
(NH4)2SO4. Glucose (0 g/L 8% 10 g/L), AKX LFREL LN -
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3.3 LA

3.3.1 FhrEEsR

PR FPE-80 °C MHEBARIR VKA HIRAF, BUE B E H IR A TE YPD ~FAR I,
30°C F#;9% 36 h, BRBUCAETRREM T& 20 mL YPD WifkRE 754, 30°C. 180 rpm F
BIE20h, ARIGHIE 10 %M NS 50 mL YPD Wik 5:3E g, F 30 °C. 180 rpm
NHEFE 20 h £59% 16 ho
3.3.2 T cutaneum MP11 [#ff .18 LIERNIR

RIETEEA 50 mL & RHT 7251 500 mL ST, & s 773 In AAS R
MR CBNIE, WREREN1.5gL L 3.0g/L L1R; 2g/L LA 4g/L LBk
AR 0.75 g/L LR 1 g/l ZFRRER: 1.5 g/l ZFRF1 2 g/l kAR . KEEAE 30 °C.
180 rpm/min N34T, ¥J4h pH R4 5.0, AENE 8 h 837 pH. &ERE 12 h BUEERG I .
3.3.3  TRARYI T A T

(1) BUE T cutaneum MP11 FIFH R« LWL RN R IMAE Y i

SIHANEL R FEE & 1 L ARG FREN 3 L REFREP AT, L4 4, xR
TR CBEATRIN, HRWAD RO CBENIR. & s IR 5 P16 1 & b
WEER 10 g/L, JEEEARMMAIZIRE . AR IE K- dog eI 1) GF A BT IT IR
SEWD . KBEELE 30 °C. 450 rpm/min. 1 vvm F#HT, KESFEHH 5 mol/L NaOH Fl 4
mol/L HCl &K pH AE4ERFAE 5.0 FRUCHMES BURERT I £ BB O N R IR B, R I
S8 IR 5 T R R BE

(2) T cutaneum MP11 LA ZFR . LRI R N B — B YR A F= i 2B W v g

DHANEVRBEE S 1 L SR8 0 3 L REBE T, S 4 41, WA
LR CERNERININ, HARZHADHIE TR CBENIR. LA CBENTR . & k%
B VIR PR T N 0 g/L, JeSAKRMINE &I . AR IS EUKF P #VBHRT I TR] o & 9%
£ 30 °C. 450 rpm/min. 1 vvm FHE4T, pH EZERFAE 5.0 KEESS R G52 AR JE
3.3.4 2 AR s A R SR EY

ODsoo: MU ImL BRSO 52 FiE, A ImL B2k SR ik, M0t
£ 600 nm b =R SEE

1 H T BN AR SR LR E TS 25 2.3.3.0 2.3.4.
3.3.5 HPLC &

LR ST RN % B8 B0 E T VEZ R 2.3.6.

34 HZREIT®

3.4.1 T cutaneum MP11 R 418 . L BETR
ELLRTIE 7, IR A SRR T cutaneum MP11 A 418 LA BR 19 BARTE I .
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Rl S PR SIS B0 T cutaneum MP11 AU 4R . LB NRIIRE ST LR LTk
PR LR 55 R I 240 M 25 1 5 L AR FEAH O, LRI pKa {HN 4.76, LBENIRE pKa
B9 4.65, T T cutaneum MP11 AK WA pH 7 5.0, KIMAE T cutaneum MP11 K
BRI, v LeAs B AR A 25 1 GRS BR X T cutaneum MP11 7= A2 A5 fr) 417
il o

SRR WE 3.1 s, 1.5 g/L BIABREAE R T, cutaneum MP11 (14 %) B8 FEH 3
PR AEIER, I H IR T cutaneum MP11 FIAEK W IEA 2 2B E 5. 44
PR FE N 1.5 o/L 383 3 g/L B, T cutaneum MP11 JFUGVH #E5 & WE I 2 552, 1A
IS AR A IE T S D K, (2 B S 45 O Jm 4l i T ah Do W FE e 20 B, TG
HIRECR, XU 3 gL MABROCEX T cutaneum MP11 P24 T BHERFIHIH], W T
cutaneum MP11 A] LUIE IS 18 FE B R B B AR sz . DL_E Seae 45 B B RIR EE 1Y
LIRFFASK T cutaneum MP11 72 A B B FIHIHIER ,, FH T cutaneum MP11 Bef% 4 fi#
LR CINRINFRE S LR E ANFE, T cutaneum MP1 FEAE £, N TR 1 18 R iz 1%
TR, H{OBNRIREM 2 o/L $32 52 4 g/L I, T cutaneum MP1 )5 %) HEH FEH R
FHRKAEWRAN, JEH 2g/L OB LA M BERAERK . S5UN 3 g/L LRI
T. cutaneum MP11 FIAEKARGUAR L, 4 g/L 1) £ 158 A R B AR 2B K ) 52 e B R AR, aX 1t
B BN B T cutaneum MP11 4RO B MR R T 4R . FF H LIRS KRB /R R A 98 %)
PR BB 2 — @ IREER, (45 g/L), T cutaneum MP11 A UG &R LI R
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(© (d)

—-©-10 g/L Glucose -©-2 g/L Levulnic acid —©-10 g/L Glucose -©-4 g/L Levulnic acid
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14 -6-0.75 g/L Acetic acid 1.4 12 -6-1.5 g/L Acetic acid 25
12 4 —©-1 g/L Levulnic acid 12 10 —©-2 g/L Levulnic acid ) _
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2 g/L Levulinic acid

3 g/L Acetic acid
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B 3.1 T cutaneum MP11 R Z B Z.BEAFRRE I HIRAE
Fig. 3.1 The bioconversion of acetic acid and levulinic acid by 7. cutaneum MP11
(a): FEFREEPIIN 15 /L L (b)FHFRIEAIRIN 3 /L LR (o) FEFRIEPIRN 2 g/l LBEAIR;
(d): IHFREFUIN 4 gL ZBNIE: (o) FEFREEF BRI 0.75 /L LIRA 1 g/l LN
(): BEFREEFIIN 1.5 g/L LR 2 gL LTTAER; (g): KT 4E5 AR (1 T8 R vk

342 BIE T cutaneum MP11 LR LW N BE 9Bl A = S 2B Pt i

3.4.1 PSS R IR, T cutaneum MP11 e BEfF QTR B CBRINER, (HI2 MANE
# T cutaneum MP11 2 5 B 14 CIREL QLN R B E  [RI G422 T SR () S 5 2
N THAE T cutaneum MP11 52 15 58 UL L PR BGE W98 1 R NIk IEAR R « Z AT XS PR &
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IRESLIREE R (K 3.1) KW, 1.5 gL LRASX T cutaneum MP11 A K =42 B i
HIAREE R, IR RE TR EAMERE AR, BRI SRRIRELI N 1.5 g/L, SN
5 G ORISR 8.7 g/L. W 3.2 Fii, T cutaneum MP11 GERNGEHRININN LR
FEATHFE, - RNER KBS RIS B AT E . Wl E SR gl 8.36 g/L.
3.15g/L~ 37.67 %, Tt HEZH A48 . i fe = E A SR 2058 6.01 g/L. 1.74 g/L.
28.88 %, JrtbAMEl A A B 45 RACE W B T IR A . 5 DL OO RBEAT 7 AR
st ek 77 AR [E], BRIV S N SR T BRI BE L 3 g/L IR EE T [ LIt IR
AN T cutaneum MP11 AT BANH]) , IELLAIN 2 G CBLNIR S8R 9.4
g/Lo & 3.2 iR, T cutaneum MP11 BEREHE BRI S BE N IR 56 2 TH#E, - fteeb el
R ZAF BT AR~ B MZE 508 7.89 ¢/L. 2.80 g/L. 35.47%, #i%
PR TR . DL ESE RV T cutaneum MP11 BEWNs 1R« LR TN BR ¥ AV NI
ilil=R

—
Q

L=
—~
(=]
~

—-©-Glucose —O-Acetic acid 12 —-©-Glucose —©-Leuvulinic acid

Glucose and acetic acid (g/L)
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Time (h) Time (h)
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ODCW 0 Lipid production OLipid content
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& 3.2 AR RBERAE 7. cutaneum MP11 R 288, Z.BEEERAR B g
Fig. 3.2 To verify the lipid production of 7. cutaneum MP11 by feeding acetate or levulinate
(a): LALTRARIRIEAT 7 AN R (b): DA LBETN R N BRIEEAT /- ANEL R s (0): =4 k4
WIS 2| AT AR~ B Al
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FIRSEISUEM T T cutaneum MP11 F] LUK 08 . LB N LA N MR, T2
R RIS, #t—2PIRA T T cutaneum MP11 LLZER . W15 TR IR A ME— T Y st (1)
RIGIGOL o BERANEHN N CER PR FEZI N 1.5 /L SEENRIIREEL N 2.5 g/L. 5K
W R 3.3 Fivn. LAAERNME—BRIRRT, 824N 6 R, AN T 10.1g/L I 41,
KIBEERN TC ORI, WHEr== N 1.21 g/L. PLABENERAME—BRIERS, ZEZEAMEL 4
U FEAINT 119 g/L M OBARR, KSR TE L BEN IR, Mg~ By 1.08 g/L.
ARATSLIG G RER, YR T cutaneum MP11 AT K BERT, LR EA IR 131k
F (0.12) HEHEmT WA R v IR ZE (0.09),

ODCW m@Lipid production OLipid content

—~ 8 - - 30%
— - L
\\@ i
c J I —
S 6] —~ [ 3
S ] - 20%
g ] i S
5— 1 —
z 4] 2
a ] - c
s ] L 10% 8
%2: r -g_
= 3
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[a) ] N

0 . 0%
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3.3 T cutaneum MP11 PAZFR. Z.BE AR AME—BRIBAE P2 A i g

Fig. 3.3 Fed-batch fermentation of 7. cutaneum MP11 for lipid using only acetate or levulinate

3.5 /NG

A3 IR T T cutaneum MP11 XA 5 £F 4 2RI I Ao BLERANFI) 2 B A 2
BEN IR RIS, FHIGAE T T cutaneum MP11 FIH 28R« BRI R IEAT T AE Y0 i AR
KRBT, TLRAERMT

(D R T cutaneum MP11 FEAIIAFIR LB QIR L T8E PR BRINF (1) 7] 260 0 Y #E 1R
UL OSSR BRI, SRR WIREALT 1.5 g/L B CRBIKEART 3 g/L K4
BEN R A XS T cutaneum MP11 P22 BB . T cutaneum MP11 BERFARREFRIE RN
() LR IR TN TR, (H R CBE BRI AL R ENS T 4R . M T cutaneum MP11 B fif
LERNRRIS KA UUE T, RAYEERRERT A 5g/L EAR, T cutaneum MP11
A HIRWHFE BN IE -

(2) it Bl R B IR, T cutaneum MP11 884 UL LR B L8 TR BR Nk IR 134T A
K, PR QA ST R A i A Yt -
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F4E HieERE

41 4w

AW P DA B M 25 BR U B AR v AR S A LR (LR SRR . HR)
PR IR ) 771) CREE A HMF) , (H2 FH T My I 0 M2 B 22 L IR AR AW B A
7z, VI EN By RS A R RCR AR B, RMEL i AV s A0 B, Eyis 2
FIIAEAE T ARBLT4E R R . DURTBIBTFE R I, VF 22 Il R 1R B8 B ik RS 78 9 20 7
Ja MANBEAEAR AT 4E 2 K A AF o AR TSR T 200 it 5 A 3 58 4 25 B R I i A
WLBRSS AN ) 5 BRI AS 5 214 25 7K A7 v My e 00 o A ok 3o i PR B0 375 ) AU RIS i), HIE 5K
TR Ey R S BUM MR R R M ME N PR E N R R RCR 2 R (T
cutaneum ACCC 20271 F1 T. cutaneum MP11) f71E 3 FACER MM EE (HBA. HHEE. T &
1) AR R 12, FF#t—PVME T T cutaneum MP11 {5 SEBRR 22 g A7 41 4 o g 2B 7~
IRE T WEAh, ARSCE IRIRFT T BOR 22 f i BER H C R AN S BE A R 14T T IR A % 1A g

(1) A 75 J5 AN R M B 4110 161 220 1) 22 /K AV mh gk AT i I R eI, I B2 R 22 1 1 B
SN =R AR LA R AE K . E S By AT P 1 & R 77 22k v 1 9 il i P BRI
PR B2 R 22 fR1 P BEAE 220 — BN 1] () B 3t 34 i DR AR K 2 A 1, 1 53 /b = ik AR 9% B
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