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Screening Trichosporon cutaneum under cellulase stress by ultra-high speed
centrifugation and microbial lipid fermentation

Abstract

Microbial lipid fermentation using lignocellulose is one of the important ways to produce
biodiesel raw materials. Trichosporon cutaneum is an oleaginous yeast which can resist the
inhibition of lignocellulosic source and has excellent adaptability to lignocellulose. Screening
methods for high-yield oil-producing yeast are generally complex and have low screening
efficiency. Therefore, it is important to find a simple, fast, and high-throughput screening
method without omission. In the previous research work, based on the principle of the density
difference with different lipid content, high-speed centrifugal screening method was used to
obtain the 7. cutaneum MS 28 with increased lipid production. Microscopic observations
show that 7. cutaneum MS 28 has larger cell volume and thinner cell wall than the original
strain, so it is speculated that there is a close relationship between cell morphology and lipid
accumulation.

The cell wall of Trichosporon cutaneum is mainly composed of dextran, mannan and a
small amount of chitin. Cellulase can degrade glucan in the cell wall and affect biosynthesis.
This article takes 7. cutaneum ACCC 20271 as the starting strain and adds cellulase to T
cutaneum ACCC 20271 fermentation medium for long-term adaptive evolution. Results
showed that 7. cutaneum ACCC 20271 cells under cellulase stress rapidly changed its cell
wall composition and cell morphology, the cell wall became thinner, and the cell volume
became larger rapidly; 7. cutaneum with thinner cell walls and larger volume has larger space
for microbial oil accumulation, which is more conducive to the transfer of nutrients,
biosynthesis and oil accumulation. Using ultra-high-speed centrifugal screening for the
adaptive evolution of 7. cutaneum under cellulase stress, a mutant strain 7. cutaneum YY 52
with significantly improved lipid production was finally obtained. The fermentation
performance of 7. cutaneum YY 52 in the lignocellulose system was measured. When T
cutaneum YY 52 was fermented with wheat straw as raw material, the final lipid
concentration reached 55.39 g/L. When fermented with corn stover as raw material, the final
lipid concentration is as high as 58.39 g/ L. Both fermentation indicators are currently the
highest levels of microbial lipid production by lignocellulose.

Lipid are intracellular products, and the difficulty in extracting lipid is one of the main
problems restricting the industrial application of cellulose lipid. Cell wall rupture is not only
time-consuming but also costly. This article attempts to add cellulase to the 7. cutaneum

fermentation medium. While obtaining high lipid production, the cells rupture due to the
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extremely thin cell wall in the late stage of fermentation, making it easier and faster to extract

the oil.

In summary, in this paper, by adding cellulase to the adaptive evolution medium of 7.
cutaneum, the cell morphology is rapidly changed, and lipid accumulation ability is enhanced.
The ultra-high speed centrifugal screening method is used to finally screen a high-yield lipid
yeast 7. cutaneum YY 52, which achieves high-index cellulose microbial lipid fermentation,
this method provides a new idea for improving the production of microbial lipid and
microbial intracellular products
Keywords: Trichosporon cutaneum; cellulase; cell morphology; cellulosic lipid; ultra-high

speed centrifugation screening
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Generations of Biodiesels

15t Gen. (Edible oils)

2" Gen. (Non-edible
oils)

3 Gen. (Waste oils)

4% Gen. (Advance solar oils)
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Lignocellulosic Biomass Pretreatment

| | | |
Physical | | Chemical | | Physico-chemical | Biological
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Fig. 1.3 Classifification of lignocellulosic biomass pretreatment methods!®”)
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AR AT 2 SR 5 225 TRAL BEA B AR Wk AT F2 4K, RO EANTRIRRKAL &4
DERFEA R, MMAEYIAGE BRI K0, FUAL P )5 — > FE U A5 21 4
KAV EZ AR T RAEY ARG, WA IR (HMF) R, &
WEANT A0, A B E BRI S AR A A BE T SR P ) 7, IR B SR B
A AR AN & 1.4 Froston. B g RZ0YRk e A s M BEAT I B . i RS VA AR K
Yoo LA, BAEM REARTSI, Fh R U AR R DT IR BERE SRR, SRR A,
AEVERI D, R AESCPRAE P T N HRIRE F. BT, 2SS0 = Uik H py Al
AR B E AR, WG f B Amorphotheca resinae ZN 181 )% %5 K ) & % Paecilomyces
variotii FN 89, W7 b B 48 BEWE £E A T 21 248 32 J5UREh A0 e Mg a1, EL G 7 1 A o 40
ATEFINE TR, R F G EEH R, 5EEAEANE FE AT K RERE OO0 T A 21 4
B OB e A 0 e BT o
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Fig. 1.4 Average composition of lignocellulosic biomass and main derived hydrolysis products[7®
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133 RFTLF4E R KA S 9%

HAT, d4EREY COBE. 24tz Ne S o Ad A P2 m e i AR b i — A~ 32 2R
il A A A DT 2T A 3R P A O SR b, RNl 2 S B B B3 AP BR 2 —, AR B R AE ) M
AT R AR R 1t DR 0 32 381 v P Ok e S A 2 A T AE LU Bt /K A 7 2 B B i A, e
% 8 S PR R I S B, IO R BB R B

AP T A R IR : 43 2B S K% (Separate Hydrolysis and Fermentation,
SHF) . [F2PHik 5 & E# (Simultaneous Saccharification and Fermentation, SSF) . [F]25
Pl 53 K% (Simultaneous Saccharification and Co-fermentation, SSCF) . SHF F&##{t
5B AT, AT READIE S KEE, (BRI E =k R A R A K
AR AN HI/E B, SSF 48R ML 4E = R B AR B w A — RN, {EREL 5 R B3k (A
BEAT, SSFE B s TR 1 S bi i B2 A RIVE L, A As, AR ZAE THEfL
R EAE, DUOREE AR, BUERE AR B IREIBE2), AR H S AR i
AR ATTONEAL, RS AR BRI 4G SSF W FRPHEAL S5 IL R 77, MU E
AR, R X REAE A bR FEF ] N kAT L R % .
1.3.4  RFTEF4E R WS A P T

AR, FRARBAYER AT VG E 2 2800 T 4R OB 7T, F A
AR AT 4E R Ol TR o FERBLLT4E 3 Bl A Y iR It 7 b, — 77
AT TR A00) 7 A A= 0 AR A R A SR T R, 22 BT FE B0 T i R B T A )
VYT 52 ARS8, 5 —TJ7 T, RN OR BT 41 4k 2 b & 2 Fhon] it O I TR R R FE ) Bk 4k
Y, WKE S ERZNE N, AN, DETRERE, IS, HH TR [F
A LA R 9 K BRI IR AR = e L. BRIk, e HS B A 4 P 32 1
R[] B M FH A J5 21 4 2R K U5 1R 22 b BB S B8 s 7 i i 1R T RN T 4R 4E R U R Tolk Ak
L FAA H R o FEARSRI % 2 AT BB rh,  EOAC T 25 A I 9 B 410 P PR i 32 e
71, FEH Rhodosporidium toruloides ([ALLAHIERE)  Rhodotorula glutinis CRG 21 1%
B}) . Lipomyces starkeyi (MTELIAEERE) | Trichosporon cutaneum (J2IR22f@fERE) 4%,
45 3R M Trichosporon cutaneum (AR 22 fABERE) XA T 48 4 2 K IR 4 BA R 4F
e S AR m A 58, Huang 88 NAIEW] 1 T cutaneum 1EAR 424 22 7K g
HRERE AT A KIS B, Liu 8 NKIL T T cutaneum FFAR 541 4E 2 JRRLAE 77 il
f&, 78 50 L AW N s h AT B B KB Ja, 195 3.23 g/L I AR LB, Gaol®!
GENKRI T T cutaneum 1E R AKETRIE IR R EFIERE, 1@ 73 20 BEAL R I IR 4 1
2 12.3 g/L. HulPY%E AAR 4 40 A 25 B 22 e R B0 I T VA5 B — R = P2 B AR T cutaneum
MS 28, &M PRIk T AT 20.66 g/L. ERBIFREW, T cutaneum BERFEA AR H KK
REAE 1 0, A A SO T i@k AW AT 1% 0 2541, AT A5 2103 AR 7 & 5 s 1R v i
HE Bk -
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1.4 BN A KA M BEAR

1.4.1 BERHHEZS

M REREA R R, —BONBIEM 2RI, Em=A, FEWIR, &
LRI . BERERER AT K%, ML RN R B4 K S KB Re ) H 2
ZH. kUL, AHBRRCTROR, H RN A s Bk 2, 4R gs R,
AV E RO FER) DNAL B E R € 2 R mRNA SEA Y B & B S, B
BAEY)E BOS PR &Y, I AMAEREE K 40 i S G i N = i s TR BE K

P BRI AE ML A BR B 5 BB AR R TR E A1, AT BT R85 7R IR [R) 55500 T 40 T 28 1)
A RIFE A IR R o AR TR INAN [F]INS, — 77 TR BF i S 1 o VR4 40 P ) 31 e S5 %
AAHR B EE PR 45 7 NYERF A MR A IARE , 57— J7 TR B AT DL h il 7 4 i K/,
H ST X PR T 1) 43 FALEI AT A TG RO W R IE 77 3 5 P2 B 2 i A R 7 B
A AR R AR TR B3, e Ah R IR B IR AN [F], 4EE S AR BRIEEBELL
HM- OB BRI R 77— BN IA), P N DU &) B I M 85 97 2R IS, RIS I BRI HH 2
EIH >, AHIRARERAR RO, HE IR BRI RS 95 S PR A 7] S B R S s g, H
HABMESSWHLESWMIES, BB ML S T, EFRWP. 4. PH,
PR 5 K AE SIS Ho0] BB QP BRI 40 MR A H A RE, F5 1] Sk 11 35 77 26 A T A 7
RIS S5 W2 SWMIEAS R A, AR R HE B BE R B 1) SO BEPERE AN HH ]
— R ERI% B 22 DARE BEAS HEAT 77 i R S
142 BEbrAnREf Qs

P BEZH 0 BE B ORAP 40 MU AS 32 A0 A A5 4% 55 S R4 (B R0, BR T B e AT
NI, BERRA g R B A R s e, LU 40 B 1) AR KT 2S840 5], e R4 o B
=M, — BRSNS 7 2 N EE I RE, TR AR B, HERME NN W
L PR 2H RS S 28 7 AR AR 4 9 5 B AOM SR A [R] T B A2 A1

AU MOBE ) & RS 7 R 2 AP SRR IR A I RE IR, R 51 AR 4E MU A R L g 32 1 55
2 Y0 B T RE R I ) PR o (RN, 2 B T SRR AH 56 R R R DX N R BRI AR AY
FEVI . pHAE . ST LA 8 25 55 # o 5 RS B BE A0 M B AR W5 i . S5 d R
IR RIS ARAONES EnelI5E N R BIAE B & IS, Candida albicans (R4
FERE) (A RE B R s I AEAL RIEYE, ¥ Candida albicans BT =B EENE G, &
B M AR RN SARAR /)S H 4 e B JE R S S A

HAT, T oo 4 i B USRS 4B ™ 4 77 & I A ORI Ao 82 o Ll N Ji aod e 3R
CWP2 2K J5 (CWP2 REfs g b 40 L BE (1) T A - H BB ER D K, AFEA
Saccharomyces cerevisiae W40 NIEEARHE, A M0BE RIEEMERG 0, (H4H M A KA 22
SO, A BB RUR A AE R B E VIR S T 85.9%, UERA 1 I U A B B AL R
151 Saccharomyces cerevisiae JNJF E 77 8 1 AT AT M o 10 90 T30 5 5 1 40 PR BSE () AR V06
TR AN P Y T R ERIE . AR T cutaneum FEREREFRIE NN

e
o
=i




55 1071 BREIRSF WLEAie
LIEFEI AR/, WITTH5 KR T cutaneum BEREANMLEE FLAS B W41 M 1F % £ K-,
505 F5H 0 L L A, (ELEE P o, AT A R S R o 0 SRR R
I 4 L 43 XA s SRR I T3S R AR AR A, ARARAS KAt b 5 o 2 R A R
ot FE IR S mRNA 295, BA B REMIEE AR, Fimigi 242, Fm#
TR B0 U ) 7 Y B A5 1 7 T

L5 FRXHLEKEREEFAAR

PSR — AR R R e, B AT AN ORI R, RS AR I AR
AR HAT, AEVSEM KRR 3 BRI A J5or,  DAShRE i s s B HEY) 9 5
AP A SR AL ST EAUSA G35, T HARIEA L, AFE S NGRS L ) AL
BRI ARARAE D8 WA B AT 4 3R A HLR FE 5 O A AR Y S8 JEORE R O R a3 . e,
R gERAERE DM+ Z, mEREG, HEAFERBKIEY), R 4ER
N IERMA PR A S B ) RE R S AR . SRR AR A e AR s A A R
AMHARE I L A ] SR AT A B IS S/ NEA0 L AT K 22 B AR i i A B 4T3 A2 DA
EIRESEAUNEVE ki, ORI, TR AT 4R SR KR Ja W] 7 AR 2 T B AR A IR T HY
B, DRI DU ST 21 4 31 SRR BEAT S A i i i 1% B BROK R A JEE v )

ASEIG W ETIH TAER I, Trichosporon cutaneum 7&—FhBERL T 52 A A1 4E 2 KR
T E I REIERE, X AR TLT4E R AR R EA RIFAEN A, FLRe LR LT 4E 2 0 R Rk it
T REFEFMAG. VA T cutaneum ACCC 20271 N R FE M, ik &k & O imik kg 17 il
JEAR R AE I Fe = Bk T cutaneum MS 28, JL R EAHE T H K WK T cutaneum
ACCC 20271 B3N, KT, T cutaneum MS 28 4% FER T R EHR 5, 7Em 5
T, KIS M2 B0 5 BT AE RN )2, e B0 L O e 4k SRR 15 B AR 1Y)
g, PR& TR R .

XFEE T cutaneum MS 28 5 T. cutaneum ACCC 20271 &I, T. cutaneum MS 28 4l il
A RE T KA, TEM St KB T cutaneum MS 28 41 fio B J5 15 [,  AHROAARFRAR
K @it qRT-PCR /715K T cutaneum MS 28 T 41 flBE A 1% 5 43 e i) — LE S [R]
RETRENZRRIE. WIHEN T cutaneum FERFANIREEA YA . 41T S i
MB=FZ ARG EERR, WATZERI M a8 s T, #— PR T
cutaneum TERFAE AT A 4E 25K 5 A R BE )i TG P i

T. cutaneum ZNREEH RS A EERE— 30, T B N H BRSNS, HE B IE
JZ, HIEWENZE =55, 1E T cutaneum RIGSEFFIET I 4E =B, N4 RMRE
Ml PP T L B b T SRR, PR AIRAT M AN BE SR T, (RIS R AR BB o AN TR TR A 1 4 L i
NEAR B REJIANE], 4HM &t 3 AN R FL % B AR AR 22 5, 2 Vi 20 B vy (%) 4 ) %5 2 AL
W A P A R i ) R IR (o, 5 i 3R B s B A R B B IR AR ) B2 . R TR
RJRER, ARSCEIREARLE T cutaneum ACCC 20271 A I FE/K AR H DN B 77 2 1)
RN, EA4ERIEMIE X T cutaneum FEAT KIPE N EEL, R E & ES



FAREIRF BL¥AET % 115
ORRERIE, Tkl AR A 4ER B A EARIE A MR, BAFEEAE, WE EA KR
B, AW S O R DA B S R RS BRI 2O Bk B S O L e
INf, 7 B0 R TV PO ON 5 52 SEAIR I R KA E Ry B IRk (R Jon, - DA e th %85 B2 BEAIK,
MR E AN, R AIRATIE RS B bR e B AR S WA T cutaneum YY 52.
NG, ARSCRBEIRTT T T cutaneum YY 52 AR E 7T, 000 AN RS FoKFE
FA R R [FE R I R B B PERE, IS KRR T cutaneum ACCC 20271 AT R EE

AR R T A = i R ) — AN O Hh I A v TR S B R M o FH T R A2 B 74, I
(R34 75 EEAB AT A0 BB, 240 i B e SR o R P AT LR A B (A B . B RS . 1y IR 3 o)
A TRAC PR (IR« Bl EiRiR) 2R 58 I, X Le D7 VEAMN B YR Bl AL 2 A FE K, H AR BRI
(KBS, AR SCZRAE T cutaneum WEBE R I 15 77 2 A KR SL I8 N i 771 B 1 21 4 22 g 10
IR Ji P KD 4 e KT 24 i e i i R AR AR, AT SE PR (R SR B S (R 92 2 i ik B
I8 B REVE AR, 1T LA AR




127 BAEAEITKE WL¥ET
F2E FHZBWETRRLBBEEKNENEHYSBSIRE DG
%

21 5|5

Trichosporon cutaneum & —FIL R IR BE, WA BT £F 4 22 AL 38 ) 7 A2 1) 22
TN BAT R BT 52 1% 5 [F]IS RE 88 R FH R J57 21 4 38 i 72 1R 22 PRI« 6 %67 4
KBE, ANESE. T cutaneum WEEEREE A (R AR 4 73 32 ZONMIR, FaET 70 %,
KWz e B RIFHUAAIE AR a1, TR T A5 i) A4 r=00, Blitk T cutaneum
1 BRI FH AT P4 B RRAN R 5T 21 4 22 TRk A P B A= it R AE Tk AR = o B 8 R )
KRIEWE 1. A8 T cutaneum ACCC 20271 R AR EFAEZRAF BRITIS , BRIEEFERUR,
JEr=EAE, BHRELN RIS M 2 & T cutaneum WK .

TEARSLLS S AT ARIRE 5 TAE S, T8I T cutaneum ACCC 20271 JEAT B0 fiE, A
MRS 2] 7 — PRl A2 7= 5e ) & R m WA T cutaneum MS 28, X} 6 15 2 T.
cutaneum MS 28 FEAT 73 At I, (£ 508 T JG 75 AT 4 M0 S € 59l RE % 15 I 381 40 i 19 1)
ThE/MA, I e P T /A Y 2= D W lE e B AR . T cutaneum MS
28 ML SAHET T cutaneum ACCC 20271 KA T IR KA, dUpARFRAR K, i fg
RERESRME 7 RRAS . TEM B SR AN BER BT T cutaneum ACCC 20271 &
W, A EEA oy R R, H R RS EIEIR. qRT-PCR W 78 A LTk i 7 T PR AR
T T cutaneum ACCC 20271 5 2 BE 3] S0k« H 5% B0 Lo R AH DS I — B R AR AR
TIEERERNRIEE R HILHEN, MPEER SRS T cutaneum TR RAH % VI EL
o YHMUEEAR ] RE S AL A KBS, BET M IR RSB RIS . £F4ER
It e 0% K AT B B o B R SR K AN R &I, (E T cutaneum WWEREAR 52T 4E 30 R AR 2
TN I B £ 45 2R B RE 06 0070 Wiy Ak 4 M B, DT A M PR B AR T8, () I 385 5 i o R o )
.

A A B AL VR NI AL O£ 6 AR T, cutaneum FERHATLEE,
BRI, R ST AR 0 5 1 5 VA A7 R 7= B T, cutaneum BB 10752
B OFEE B E O R s R e, ek A RERE— PRt iR E, Bk
FRATTAE B8 0 (1) A IR VS T — T 85 2 B /N B 81 ot oK EAT 250 DISRIE 42, B
/b, AB I ARAR 2 S S A Ak

BEAh, RGN M R E F5 E R A, ATIEIRTT T T cutaneum WEHE =7 i g H ]
I, G I A R B 5 7R B TR AN INET 2 2 (5615 5 P i S0 P 4 o A1 248 o B A i A ZE R
NI 5 75 {5 PR3 )4 B i PR Pl AT 12
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2.2 LRbR

22.1 JEk

NERER ST R, T 2019 FEHFZFUGR . TSERY/N R F 1 el id fL4
10 mm PR PERLA 4, SRJE HEAT K BERR 5 K48, 755, BRIET I E T b4
IR AR o N EFEAT SR A A 1 PP IR ARVEUO s, IS A4z af 4t
. ARRERK &R HIN 33.24%. 22.25 % 18.77 %F 6.24%.
222 HAYEERM

A4 KW Cellic CTec 2 Hitidk(s (HHED A ARAI AR (Novozymes (China),
Biotechnology Co., Ltd. )W 345 31| o £1- 4 2 g 18 AR BRI 11l 5 77 154K 4 NREL LAP-00619%
W IR IEAT . 152 18 4KEE VS A 203.2 FPU/mL; &1 4E — 8 1 i 3% I 52 77 75 K 38
Ghosel" 27, MTFILLF4E —FERGIE N 4900 CBU/mL; £& (% & I 75 v2 42 LA If
BEH (BSA) AtriEs, FAESERE (Bradford method) MIFHAEAH S EAN
87.31 mg/gl'®l,
223 RbRAIEIREE

HR B Trichosporon cutaneum ACCC 20271, T H H [E 1R VA AR ¥ bk DR il i 2L
HCy(Agricultural Culture Collection of China, http://www.accc.org.cn/).

INEFERF AL B J5 A A A=V i B R k. W IE AL HU 52 B Amorphotheca resinae ZN1,
TR MO F A PR ZH AE A 5T 21 4 SRR AT R 0 e H i) — AR BES EAT i B E M IR B 0 B 1
FLBEAEAN TS IIATAT & FR P ot ) TR BRAE AT o A A I8 VH FEAEAE B A0 )

W R+ fU 25 B Amorphotheca resinae ZN1 T PDA “FAR 185 7%, PDA “F4:200 g/L 5
AV, 20 g/L FiEPE. 20 /L BifE, 115°CKEE 20 min J5 {8 .

YPD 35772k A& HE 20 g/L, BARESEHY (Yeast Extracts ) 10 g/L, £k 20 g/L,

CYPD “FH 5 InEifig 20 g/L) , 115°C2K % 20 min.

ARG TRRE: M &IRE 60 g/L. YE 1 g/L. KHoPOs 1 g/L.  (NH4):SO4 0.22 g/L

MgS0O47H20 0.5 g/L.

2.3 SIS

231 FhyHiR

FEARATE T -80°CUKFE T ) Trichosporon cutaneum ACCC 20271 A7 % BUH 76 =i
HERILJSFE YPD AP RIZR, TRE T 30°CEFRAE T, AR KAL) 36h, YPD iy
PRI, B a2 15 %lE & BN Z R AT KRR AT R %
232 /NZEREFT AL TR

AN FERTTAL B T7 VAR Zhang!'™, 285k /K Bk (/N2 REFT SR IR R VA LA 2:1 [E1VK
b (wiw) IRA 584, SRETE T 20 L AL EE S 48 Rt AT % 5, 50 rpm, i+ 3 min,
b JE A ZEVR, T i IR R SR R AERRAE 175 °CAcha, BRI +E 50 rpm 4ERF 5 min,
AL PRI FE A R K7 A
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233 TALER/NZZRERT AR B

TRALER J5 1 /IS 22 A5 A F A SIZB6 %6 075 158 21 (1Y) Amorphotheca resinae ZN1 BRI E
it 25 0 FE 4% Zhang 25 NS5k 3047 . B Ca(OH), 5 TAL L J5 (1) /N 22 F5 4T pH %2 5.0
fiAi, ¥ Amorphotheca resinae ZN1 55377E PDA P b BH 2 8A-FAKH T, BEfEH
K7 I T AR 2 B LS I\ 22505 A BN 2 REFFRL R & rp, EIRFRE 597 4-5
Kla, YENMER T BEER IS R NZAREFTTCE T 15 L A N, JHiei
10% (w/w) [P CEANREMT, BEN28°C, , @AEME 0.8 vwm KT, Wi
INF[E] 25 72 he
234 KA A

RIEFE TR 15% 8] & B EE N EZFREF KRR /DR A T, ),
T A RN 5 L AV IR BIES (DR TREAR AR, Bilg) it
HARERAE Dy WP BN A A 5 5 /N 2R 5 4K BL 15 % & & it HHE
FFREJEE KB AT 115°C, K 20min. Bl 5% KB 58 i) /N2 YRS 47K I &
SLOREEGE A, fpil E4ERELE 50 °CHY DL 4 mg 474 25 1 &5 /g DM (Dry Material, T47%})
I ER A4 R B Pt F2E d i@t AN NaOH ¥R £3 PH 4ERF7E 5.0~5.5 Z [H],
FEAE 50 °C, 150 rpm, FEGAFEZ 48h, WEHI & HHIRFEELI7E 60 o/L i d . BEALZ RS, H
LB R R & b ARG 40 10000 rppm. 10 min B0 FEE L AR, B3] LG
IKAR, B JS 115 °CK TR 20 min, {8 F B ARRE K B8 J5 7K M 1) [ AV S5 B I8 )
N FR iR, HE IR SUINEA: 1.0 gL KH,POs. 1 g/L YE. 0.5 g/L MgSO4 7H,0
J%0.22 g/L (NH4)2SOq; M TIFS BT T 15% [ B /N2 REFT K AR . B A TR
15 YolE & B /N2 RS FT /K M %0 B & 200 60g/L, AR & EL1N 15g/L,
23,5 HAH4ERBEMGE T T cutaneum BERF)IE N3 AL 5 & il B0 ik

50k T cutaneum ACCC 20271 J\-80°C UKFH FH EUH AT 75, Bl J5 LA 10%42 Fh
&, BAESIEER T cutaneum P52 2 354 50 mL 15% 8 & &/ N ERBF /KRR =
AR, NN YE Rl . RGP SO I R R e, AR RS N
EARTEM A, BE R LA = AWR T . KN 180 rpm, 30 °C, k%
77 96 ho KL G RSV ZR S 20 mL KR, HEB BT KEM 50 mL 2508 it
ITEL, BOFEE 3000g (B0 J1) JHAG, BRI HE fa AR 4 40 M A KA DLZ T e 1 125
OFEHE, B 2IE P E % 40000g, 250 FHS 8] & N 3min. 1A 3 & E 40000g
HRELS ARG, BEEARIR I A B S RO T K #5150 mL B 0& S, 40000g 41
NEG 3mine BB Od BJE R LD 10% M BN 208 B KRR 7R A, itk
17 10 ROk EL, 330 AR~ B4k S = Wk . BEJE AN R H TR 34T &0 i,
KT 45 K 5 B 20 mL & % ¥ 34T 40000g ,3min B0y, LATRIEAE R E S5 E T
cutaneum H%o
23.6 JHIEEK T cutaneum YY 52 &= i e fe e PEEIE

IR TR L AR T, cutaneum YY 52 525 BABER e, ReWstse 47 &= g




BAEAEITRF Gite 55 1571
R, SPZEARIEA S, 75 IR 8 R Tp AT I 4 2 IR TCATA SRk (i B2, s L4 i
TEH e, BRIEEMEXRRE RS, FELURIE K T cutaneum ACCC 20271 4
Sop e, ELARSZIG BEAE N T ik AR T cutaneum YY 52 IR TH#E T cutaneum ACCC 20271
BTS2 h 10% M B8N 2 EA 50 mL 15%E & &/ N R FF K@i h AT 4%
R, REERTTE] N 96h, FfJG4kEeqikl 10% R, B4 25 i 1 i /N 2 R FT K AR
W SR TR AT 2 I, AR IR IR AN [F R AR B S 2, IR T
cutaneum YY 52 AR = &2 5 H A RE M

2.3.7 KT S B 24 e ] 2 e R A A A R SR Y T AT R R AT

Y Y5k T cutaneum ACCC 20271 7F YPD 5 3# 3 B TIE 1L, SR )5 R 10%3: 5 &,
VR R 2 50 mL 15% [ & 2 /N RS F K AR 500 mL HETZI H I\ 3& B 57
BA4ERN, AERWORMEREAMAER, AR & EE 7T
B AE 180 rpm, 30 °CHREFR, RFRAEZ 96 h J5, EHL 20 mL KEFRFENZE 524 KE N
50 mL B O HHTE O, B0 E 3000g (B0 ) JFUE, EWE A 3 min B RE
B2 S AR A0 2 R 10 2R T A v O, AR B e O 40000g . 4IA BB O ML
R IE 40000g J5, AU SR E R _ LA PR R, SR RIREE B I B A E
WLFYERBE, R T cutaneum X4 AEZRBGIN 52 77 (RIS, 4k 270 B & 250 i 12
FEAS B i e = E M B RIS, IF HARTUAL T K )5 AR T cutaneum W% BE 275 AT A2
L T AE 2 AE R B A T R AR A A R
23.8 HENEESENE

AR BN RN T cutaneum BEEHEK N EEIRIR . —, HIKA R G
N E R RERE L . 2 BRI SBA-90 WAL B B A T B B 0. B 1 mL &
BT EP &+, 13000 rpm B5400 5 min, HUE3E, HAKFR 100 5540 0.22 um JE
JE T 308 5 AT =
239  WAETE LmARIE

BUR B 45 R (R R B, 12000 rpm, BS540 5 min, FfJE 25 BIEW, oK EBHEE,
FELA 12000 rpm B0 5 min 7525 FIEWH, &G 5 mL @AUKESRFE, HEEE
JE TR A% 22 2] 2O E RN, R NPIROIRE AE 60 CCHEAR it BOpt T 2 1E
&, FIHZEREZESS DCW (Dry Cell Weight, T-ZHIFRE) .

MR E: 1A BRI S mLHCL (4 mol/L) ¥R, =iEi#E 3h, REHR
WG RS LR 2 50 mL B0E T, ZEHEOEE T WK S 15 min, DUEER
R T cutaneum FEREAIMREE, FFFE 20K EAED 10 min. R J5 M) 20 NN 20 mL &K
05 FBEC2:1, vV IR, FE W ZE DR 508, A B0 8 TIE T 180 rpm ,30 °C
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Fig. 2.4  Cell morphology comparison between 7. cutaneum YY 52 and T. cutaneum ACCC 20271
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Fig. 2.7 Cell morphology changes at different transfer time
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Ui 25 RO I B M1 DL 10% 3 2 N B 36E C AN E 2 M T B By R e &b, JFit
ITRIRE], B 12 h R mE— oK, DURUE/K 2 78 2 B R DOl AR K, Bl S
FIBE S BB, 29 120 he

PR YELE T 15 L AR, DL 10% EFES AR EMT, 37 °CH;
FEEIH Y e PR, BRI 720, BREXREN 0.8 vvm.
3.3.4  [FBHEL SR

T. cutaneum ACCC 20271 FTFIE IR T cutaneum Y'Y 52 43 A 30% [l 442 & 1 .
BR/NE R S i EE TOKFEATEAT SSCF, HAERIELPIRAHE, DL/ RS9 B AR 5258 77
s B 5 30% B A S S RS AT A B AR AR S L KB L 6 mg ST 4ER R /g
T-[E, pH4.8, 50°C, 180 rpm [{I2&1h3E4T 12h FitkEiAk, BEJS A BEALIEE N3 3L K I
W, FEIINE 75 85 AR 10 % (v R ER M T4 B IR SRR INEA 1.0 g/L KH2POs,
0.5 g/L YE, 0.5 g/L MgSO47H,0 F1 0.22 g/L (NH4)2SO4. K EE[) IR E % & 30 °C, pH H
AMHCL ##I7€ 5.0, 450 rpm, 1 vvm, KEZRSA]A 120h,
3.3.5  mAUAR G EE(HPLC) 0 H

SSCF i FEH # &M, ARERE L& HPLC BEHATIE . ASI#8 A H A B A ]
RID-10A /R ZHT A NAS, HPLC 3% 44 Bio-Rad HPX-87H (300 mmx7.8 mm) . LA
5 mM HaSO4 /ENTRENAE, W% E 0.6 mL/min, HiREE AN 65°C, XA HAHFFETR,
BEFEEE N 20 Lo B 12 h BURE— IE T &R, ARBERVEAES, 13000 rpm , 5 min B0
FEShZ 5, ¥ BiERRE 20 1%, 20t 0.22 pm JERELIE, HPLC HHTEE0HT.
3.3.6 R E

24h AT — ORI RE SRR IR o BURE ISR AR S BCEAE AT EE 21 50 mL &0
W, BHTRREEZEE R RS EE. BES 12000 rppm, 6 min KEEEREATE L, B0
JERT LIRSS 3 ZI R, ERATER, FERARREREKE, BKERERRES T IR
ZPAR, AR 2-3 URORIE B AR B A e, Bl RSP AR 7R 60 CCHEAE T
WHET, SRJG AR PN 6 mL HCl (4 mol/L) ¥ LR A, =IEE 4h, B
JE R E IR AR 2 50 mL ELOE T, KO ETECT KIS & B 20 min, E LS
WG B OB BRAVKHAE 10 min, 2 f5=H 20 mL &5 FEE (2:1, viv) ERER
B0 R AAEEGH AR, F 2 E D B0 5 5 THER, BJEE 1176 30 °C, 180 rppm
IR 2L 1-2 he ZXEUSERE, 11000 rpm 254F T 2.0 5 min 3 155 i E FKHZ 4
B, AESEEEOCE NESA MBS RN E CIE RE AT, HE T
AR EREREBRE, BERERN 80°C, K IEZAMET 60 CCHAM T
ZiHE, ZHEESHIMERE.
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3.4 ZR5i®

3.4.1 FRSEVIBE /IR SSCF KMt fE

PR B EEAT 1R ISR, NI BRI T cutaneum YY 52 WK BEVERE
KREAE 3L ED LA BT T ORI R BF S0 3 EAR TR MG B Ak T
cutaneum ACCC 20271 FITFIE R T, cutaneum Y'Y 52 F| FH & 25 AW i 557N 22 R A 1O A B

PERE, KBEFLE R WK 3.1 Fis:

(a) —©-YY 52-Glucose ACCC 20271-Glucose
140 7 —& YY 52-Xylose —— ACCC 20271-Xylose

Sugars (g/L)

0 24 48 72
Time (h)

(b) % - YY 52 - ACCC 20271

Lipid (g/L)

0 24

48 72 96 120
Time (h)

B 3.1 EBSEMBER 30 %E &S B/NERFT SSCF
Fig. 3.1 30 % Wheat straw SSCF with during static biodetoxification
Ca) L R PO 6T W SRV FE AR A s (b)) 7 BT 1 ik IR VA B2 AR A0 i 22
REEHAT: 163 L R T, 30°C, 450 rpm, PH f%fHI7E 5.0~5.5, KEH Ay 120h
FFASEYII BE S 12 h FEAL IR, 30% [ 5 R fX) /N ZE RS AT 4 46 1 el BRI D 102 /L,
ARBEHR 60 g/Ls 3.1 KB, KEFHT 24 h [N T cutaneum YY 52 1 T. cutaneum ACCC
20271 (A KAE I, IR FEREAERNS: 24 h 5 T cutaneum YY 52 WEFEHZRIITL, HE
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96 h Wz bl . AKEYY CIEARFETE, SRR 2 AW 0. T T cutaneum ACCC
20271 FEHTAMRAER, P RD, PR e, 7R EFSS R G0 R 36 g/L
[P 2 BE AT 54 g/L IARKE, (NF 6 g/L IARBERIEFE. T cutaneum YY 52 £ 96 h B i i

PR EISE] 43.8 g/L, T cutaneum ACCC 20271 Jh AR~ & H1E 96 h fit =l 8.1 g/L.
3.42 P AEVINLEE /N EZAEFY SSCF K RE

JRAGTHRR T cutaneum ACCC 20271 FTFIEE AR T cutaneum YY 52 1E 41 P id A Wi
BV NEREF AT AR R, S5 R W 3.2 Bk

(a) —©-YY 52-Glucose ACCC 20271-Glucose
140 7 & YY 52-Xylose —— ACCC 20271-Xylose

Sugars (g/L)

0 24 48 72
Time (h)

(b) =YY 52 -~ ACCC 20271

Lipid (g/L)

48Time (h) e
B 3.2 HUEAYIME 30 %E &S B/ NERT SSCF
Fig.3.2 30 % Wheat straw SSCF with during s accelerated biodetoxification
Ca) P ERIAA (10787 26 B ARV AEAR A I ZR s (o) IR G R PR ik g AR S A2 1 i 26
REEEIE: 183 L REFRETHEIT, 30°C, 450 rpm, PH % HI7E 5.0~5.5, KEZHS AN 120h
2R A 12 h BTIRE AL 5, 30% [ 5 B/ N 22 R AT WU AR 1 & B IR 2 410 104
g/L, AKEN 70 g/L. & 3.2 G55 KW, T cutaneum Y'Y 52 1E 12 h Ji JFAbHREE 1 #6752 4
ARBERIRIEHAE AL KB 24 h Ja, KEEHEAT 2 96 h I O 5¢ 2 VH A1 & BE AR BE, T
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cutaneum ACCC 20271 15 kB 45 W I3 5 38 /L [ &1 HE AN 64 /L [FIARNE, [FIFEAUCH
T 6 g/L KIARWE T cutaneum Y'Y 52 FEHE 5¢ S AFEL K 96 h ], i fIg P~ S ik 2 55.4
g/L, T cutaneum ACCC 20271 s =it flEr= &R 8.4 g/L.
3.4.3  FRSEVIBETORFSAT ) SSCF KMt At

FERTIEI A AR, 32BN REAT A JEURER 37 e B R HH R TR R AT R S8 . 7E
TNHBSEIEH, FEERA T cutaneum YY 52, T. cutaneum ACCC 20271 DL T AKFEF N JE R
BEAT R B e 77 . AN EEIR A KRB AL S EMNES, T cutaneum

ACCC 20271 F1 T. cutaneum Y'Y 52 VA A JFRHN B A B RE, 45 R anbd 3.3 ik

(a) —©-YY 52-Glucose ACCC 20271-Glucose
140 7 —& YY 52-Xylose —— ACCC 20271-Xylose

Sugars (g/L)

(b) - YY 52 - ACCC 20271

=]
=]
M|

on
=]
M

Lipid (g/L)
I3t o~
O it e

]
=]
PP B

104

96 120

48 72
Time (h)

B 3.3 ESEMRE 30 %E S BERFEF SSCF
Fig. 3.3 30 % Corn stover SSCF with during static biodetoxification
Ca) Tl I R PO 6T W SRV FE AR A I s (b)) 7 AT 1 ek IR VA B2 AR A0 i 22
REEEIE: 153 L REFRETHEIT, 30°C, 450 rpm, PH % HI7E 5.0~5.5, KEZHS AN 120h
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RS AEYIIRTE I 12 h TGS, 30% & BN T KEFFAEE 114 g/L 15 4
B, 57 g/L IARKE . 5 R TEMITT 36 h PIFF B IR B A K3 H — 8 B3, 1) (B BB AR,
36 h J& T cutaneum Y'Y 52 %) B VH FEHUCR B B AR, ARPEHITLGE R R, 96 h i) 8 %)
PETEAFER, 120 h BFARKERE & FE 58 . BREEGR T cutaneum 202271 Hi & B . AKE)
H 2150 g/L HIFRE, FIH T 64 /L WIE % HE S 7 g/L BIAME AN REESFEF, T cutaneum
YY 52 P AN, IR AR R EESS R 120 h B e mis B 45.3 g/L, 10 T cutaneum
202271 Hifig = R AE 96h £ E N 9.9 g/L.
3.44  POEAVINCEE TOKFEFTIY SSCF K WM fE

AR 2 BT T T AR E R A B B 0 EOR A A R 34T RS . AP 3.4 iR

(a) —©-YY 52-Glucose ACCC 20271-Glucose
140 7 —& YY 52-Xylose —— ACCC 20271-Xylose

Sugars (g/L)

48 72
Time (h)
(b) - YY 52 -~ ACCC 20271

Lipid (g/L)

Bl 3.4 PUREVIRE 30 %E S B ERFEF SSCF
Fig. 3.4 30 % Corn stover SSCF with during accelerated biodetoxification
Ca) Tl I R PO 6T W SRV FE AR A I s (b)) 7 AT 1 ek IR VA B2 AR A0 i 22
REEEIE: 153 L REFRETHEIT, 30°C, 450 rpm, PH % HI7E 5.0~5.5, KEZHS AN 120h
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NEREFMILL, TR RF4ER, FARERNEGET R, Fib)5n R pEsg
I FHEC T ERAS IR, PRS2 I e 0% B8 e () o B 2 PR PR IR AR KBRS, R TR AT
DAL, DA A= W 50 25 (0 KA AT B R AT R TR I) B R4S 21 i g F &

SPUEAEYIIEE, 12 h BOHEA S5, 30% [ & 5 1 FOKRFEFT A 2 BV FE AT 8 120 g/L, K
MR 65 ¢/L. KRiEgidiE (B 3.4) , T cutaneum YY 52 FRILH T — B K 1] ) ZE 777
W, BT 60 h M FESASHIEFE, ABERERIA, 60 h JSHIENE . ANE 07 FEH 2 [ i 1
I, KPS 120 h I 4 0 AR 3R ER . 5 2 T R B 4S ARAL, T cutaneum ACCC
20271 12 R RS RN A KR &0, ARk as, HWDbEARMES R . T cutaneum YY
52 {E R ELE A, JMARIRIE B ik B T 58.4 g/L, 1fi T. cutaneum ACCC 20271 7£ 96h ik
P = 10.3 /Lo
3.4.5 A4ERMEEX

HHT, DAARBAFYE R AR A =AY G O — o, A1 HIRw 745 2 1)
RIS RS CERIERAT TR (3.1 o BEARBE4ER P AN — S ln 02
¢, FIAEZTHEMIRE - EIRERR, SRAAAREHANE, FEN RS HEERNE
19 2R = BT TG, BEEEI S i e R R I A WA R N IR
B e L RENERN G ESRINE R, T cutaneum YY 52 18 DLPGHE I 55 1 /N2 7
FENIEYIES, 1327 55.4 /L iR =&, AR £ =1 %8 11.1 g/L/day, IR %4 0.32
g/g BWE; T cutaneum Y'Y 52 LEPH i 85 1Y R KA R R BERS, Sl P~ =08 2 T 58.4 g/L,
TARAE PR R ATIE 11.7 g/L/day, IR N 0.32 g/g b 72 FFRSFF 15 20 1 R 4R
W30 BT A4 2T NG T I e e 7K
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Table 3.1 Lipid content of some oleaginous microbes
Feedstock Biorefining method Strains Lipid content Lipid titer Lipid productivity Lipid yield Sources
(%) (gL) (g/L/day ) ( g/g total sugars )
Wheat straw Dry acid pretreatment and T. cutaneum YY 52 70 55.4 11.1 0.32 This study
Biodetoxification , SSCF
Wheat straw Dry acid pretreatment and T. cutaneum ACCC 20271 30 8.1 1.6 0.05 This study
Biodetoxification , SSCF
Corn stover Dry acid pretreatment and T. cutaneum YY 52 70 58.4 11.7 0.32 This study
Biodetoxification , SSCF
Corn stover Dry acid pretreatment and T. cutaneum ACCC 20271 30 10.3 2 0.06 This study
Biodetoxification , SSCF
Corn stover Dry acid pretreatment and T. cutaneum WL97 66.3 46.7 9.3 0.22 [110]
Biodetoxification , SSCF
Corn stover Dry acid pretreatment and T. cutaneum MS28 61 344 8.6 0.21 [90]
Biodetoxification , SSCF
Corn stover AFEX pretreatment , SHF C. Humicola UCDFST 10-1004 27 15.5 N/A 0.12 [111]
Corn stover Dilute acid pretreatment , SHF R.graminis DBVPG 4620 40 16.3 5.4 0.08 [112]
Corn stover Dilute acid pretreatment , SHF M.isabeUma ACCC 42613 34 4.8 1.2 0.15 [113]
Corn stover Alkali pretreatment , water washing , C. curvalus ACCC 20509 34.5 15.1 4.7 0.18 [114]
SSF
Wheat straw Dilute acid hydrolysate, M. Isabellina NRRL 1757 N/A 44 0.7 0.07 [115]
Wheat straw Dilute acid hydrolysate , overlming C. curvalus ACCC 20509 36.3 5.8 0.8 0.07 [116]
Corncob Dilute acid hydrolysate , overlming T. cutaneum CHO002 335 10.4 2.1 0.2 [117]
Corncob SHF T. dermatis CHOO7 36 9.8 1.4 0.16 [118]
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3.5 ARENG

AR X E AR R EM T cutaneum YY 52 FIAAFI R 5 AN E L AR
RIS IR R BETEREREAT THRIL, I 5 IATARK T cutaneum ACCC 20271 R BETERE
BEAT LU, FEAFBILL R E58:

HYEAE R EAE G, 72 RS T SRS AV IR 5 15 2 SR R A
TR, AFREIKT 10-15 g/L MBS & KBS RIFEN KW, T cutaneum YY 52 LA
A= B RS AT JEUR R AT A 1 I 43 38 ) o v e VAR P A0 T B o T S S TR Dy 2 I 75
Pk Paecilomyces variotii FN891 fEU AN G h & B b AT B EE ), ARELRUFAS BN, £ P
variotii FN891 HIAL T IO UIRAS, WM Py AU i B2 s, WT B3 B ) A BEA ¢
kR FIREI0 T HE RV EREIR A OWE, X T cutaneum Y'Y 52 IR BEERE = A 52 o
Yo AV E AR AR, BERESED, W RS, BIHEES TR

T. cutaneum ACCC Y'Y 52 B[R] I F A BT 41 4 3= Hh (1 8 e MR K, ANFEAEH &
WERN, T T, cutaneum ACCC 20271 JUF-TEARMERIHEE /1. T cutaneum ACCC 20271 LA
INEFEFT NIRRT 1S 2 AR 220 8 g/L, T cutaneum ACCC Y'Y 52 F| FH i 25 I 2 1)
ANZERERT IS I BRI O 43.8 /L, AE PUIE I 75 1) /N 22 FE AT o AT A 19 N ety s 94 B2 P ik
554 g/Lo 4 T cutaneum ACCC YY 52 FIFH/NZREFT AT K BEINY, &M, AWEAE 96 h
HIHR B ADRA A, Ik B a5, BEamie S G M, SRR
Wk = AT T cutaneum ACCC Y'Y 52 I FH BRSNS, B4R D —Fh 40 B o3 B 1) i £ T
TR AE DUBE A0 B AR K o TOKFE AT W B BE LU /N2 /5 1, T cutaneum ACCC Y'Y 52
FE R KFEA AT I G, BRI S A FRAIK, 7E 120 h 4 BE 58 AR & b,
ACHE s A FH B 28 It 2 ) KA AT IR IR B ey T 08 45.3 g/L , BROE i B /N 22 AR ATl T
WIE]IL 58.4 /L, T cutaneum ACCC 20271 FITHTRIREZ18 10 g/Lo T cutaneum Y'Y 52
PR B RE B 2T T cutaneum ACCC 20271, JHAGFL R BE 1A B E RS - T cutaneum
ACCCYY 52 RAEAT JEURE A A B, ACHRE FR) v ORI A A5 I A IR 4R i K P 2 1
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E48 FRERE

4.1 SIS

R Z AN R AR TR A A P AT YRR MUIR ) — > T EE A . R DT £ 4 3 AL LS A7 A
HIFRIA, B IS B RXS SORE AR e T 5 B A I Y 55 ) 3 3850 R A I 1
Aot RAMMEERIR. B, EREKBERERNBA 5 TR 2PN, SR
B v B B R IR P B RE Ao A% G R R I TR IR 9 R T VR R R A
Bk, THIRBCRAREE R . AR FE B SR — RN Y, i AR R S di e
DAFAEEERER, AL T cutaneum P BRI R IERE TR B IMANLT 4E 210G, T BgiE T
cutaneum BERFAMOBE R K 2 0%, SO ML . HRE & BIA R i 28 10 40 i 2 [A) A7
TR EZE 5, 2 I 0B ey (0 40 M B 2 TR A R TR ) B3R, R e s ol 5 4 i 22
FEX T cutaneum FERFBEAT ik

IR A 2T 24 2 g A A R ) 5 — 2 S () R SR O I PR A, A B o kT 21 4
REFREAE T cutaneum T BEAR M BE JRE BEIEAS, FRATHEIERNUWNR T cutaneum BEBER T 3
HEAR B8 1) J SIS FE 2T 4E SR /R B RE8 DR 40 R B AR i i A= 4B M A 2R, IR 4 it R 1 2
B AR A el B, AEARRRRSE BT 40 1 AR 40 i 75 ZE A I 1] 5 A o BRI AR 90 250 FE T
cutaneum W BER I Z2 MK ARV P R EE N INET 4E B, PRl SO e i 7 20, WA
TR . AL ZE IR S FZG LR LA J7 1

(1) #£ T. cutaneum ACCC 20271 ()R BERG TR EE PN 4E R B e, A A REth
WARA AR, MR R AR .. RIEIS B T cutaneum T BRI IREH 73 1 TR 2,
AT AR P BE B A G AR RS AROR, BEAE e T AN I R AR R, i T
VEBEE 1 B E LA 12055 9 IR m i E i g S A A P R A T A R

(2) AR TR A il B O Ik i 77, AR S, B 3000g a6 A
Wi B O, R SR s PR R >, BTV A AR, A, TR
RISA WS, HEAR ETHEY, Fddm A 30000g I, #EEAEREE N, 400
MR T, U e R N A B E R AR R e ) B s, R EURE AR
FINTR: ORI AR S 5 2 40000g I, CIA BB O AL s R, I E B O K
B R N — b BE AR T ) FOR M E A B0 o, #E— 2B 0 a2k 2 i R B v O A, B
A B — PR R B KIR FE IR S I R Wbk, r 4N T cutaneum ACCCYY 52, 1E
LA 15 % [8E BN RS A K RO R AR EE vl T8 15.18 g/L, SR aliE ] 72 %.

(3) 1E T cutaneum W BER L TR PP BN NS =R B N A e = fa, A&
WL 4E R B — BARAERS, XTI, WER Ree i mmgni A e, ™
HE IR R . KK VA EA BIRRIHUH], B4R MRS ER, JyPi b4
RADE, MR AL/ HA M EE JE RER N,  PA4ERF IR A K

(4) XF T cutaneum YY 52 JKFF Ge AT I € , 18k [R5 oAk 5 3 g 36 A e s 77 =K,
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I TASEERE, AN [F AP 5 77 O R IR AR 52 DR S I 83 1Y) 30 Yorm [B] 2 &
INERERT RIS, IR EEE R T 43.8 g/Ls APRH B 5 1) 30 Yormy 8] & & /N R K %
I, VIR EIA R T 55.4 g/L. DAERSILEE M) 30 Yorm [l & & FORFEF A IERT, o TE Ak P
LB T 45.3 g/Ls DU B EE K 30 Yormn [l 2 B FORFEAT A BERS , WIS IR BE =ik 1 58.4 g/Ls
LT R IG HRR T cutaneum ACCC 20271, T. cutaneum ACCC Y'Y 52 5 A Ji £ 4k 2 4
BN, ARRE ) ORISR e R B AR bR oK IE B B e, IRV FE R [R5 R 2 A 1 Bk
AR 6~7 fifo FIFPUE MR /N EREFT, TORFEFT R SRS 10 I v FE 340 2 B AT £F 4
R = K

42 RBHE

A G i 27 4 3 JEORHE P s W A e BEAT T — KRB . EIEAE T
cutaneum W RER TR IR LRI Y R, 2000wl B O ik 5 3k A8 T —iRee it T &
FEbRer 4 2 R K R IR T cutaneum ACCC Y'Y 520 A8 SCHIAFAE — L ] il 75 5
IRNHIHEFE -

(1) 18 T cutaneum BERFR G FRIEPIMAA 4 RBE /G, 400 PR H IR KK
AT, HED LT YE BB PR T T cutaneum BERF IO EE, FEANMEEAEY) &
PR, HETT s T AR A AR, (HBEAR B IR ILEI ATE 2, RS8R Sy
TARBHERAE T AT IRA T

(2) T cutaneum ACCC YY 52 fEPH AV W5 /N2 ARG, TOKFEA R F 22
PR 5 L R P ) 7 TSR AS 0k RE A BE 35 9 H AT 4R 4R i s 77 &2 0 f s K-, (H S SR 1B
FATIRTT O R oA G, 720, B RN E S5y kT, #t—PBhtm
MR &

(3) FE Vi ie A 9% I ST 40 B 13 A% DR] A B AR 3 i 6 AR BT e, A A A 2R
FEAE— B BIRME, BT PT X 44k 2l F AT IR 7T, i e 2 4k 2 i) oo 4i B AR S
NEAR RAECESNHIMER ,, U AT R FE 4R 4k =B Sl il &, EAS 2040 1E 3 A K R B
TEOLS, A4 Bk ) f i, A T gk 200 L s B R B ) IS ) 5 RS
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