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Figure 1. Effect of temperature on growth of five xylose utilizing yeasts.

Error bars indicate the standard deviations of two parallel experiments.
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Figure 2. Effect of ethanol on growth of five xylose utilizing yeasts.

Error bars indicate the standard deviations of two parallel experiments.
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Figure 3. Effect of xylose on growth of five xylose utilizing yeasts. Error

bars indicate the standard deviations of two parallel experiments.

2.2 [REMLERIREEH M E

B 5T I B SRR ) R B R 2 BB T
ACED I AEAC LSRN, S e O 4 i PR A R . A SK
B O i PRI VS I 52 5 MR A I 1 B 1) R % 7 R
o DURTE AR S O, ek 1 AEL 4 Bras . sk
P 7 M) FH 4 250 B AW 22 R0 R B AL

. S W R RERE ST BT — S22 R HE IR
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Table 1. Comparison of assimilation capability of different carbon sources
Strain h Carbon sources
glucose xylose maltose mannose galactose L-arabinose cellobiose sucrose lactose

S. stipitis 24 - - - - - - - - -
36 - - - - - - - - -
48 + - - - - - - - -
72 + - - + + - - - -

S. passalidarum 24 ++ ++ + + + - - - -
36 +4+++ ++4++ ++++ +++ ++++ - - - -
48 +4+++ +4+++ ++++ +4+++ +4+++ - - - -
72 +H++ +H++ 4+ +H++ FH++ - - - -

C. amazonensis 24 + - - + - - + - -
36 +++ - - +++ + - ++++ - -
48 +H++ - - +H++ + - +H++ - -
72 +H++ - - +H++ 4+ - 4+t - -

C. jeffriesii 24 + - - - + - - - -
36 +++ - - + +++ - - - -
48 ++++ - - +++ ++++ - - - -
72 +H++ + - +H++ FH++ - - - -

C. tenuis 24 - - - - - - - - -
36 + - - + - - - - -
48 + - - + - - - - -
72 ++ - - + - - - - -

++++, tubes filled with 100% gas;

filled with no gas.

+++, tubes filled with 75% gas; ++

, tubes filled with 50% gas; +, tubes filled with 25% gas; -, tubes



1030

Hechao Fan et al. /Acta Microbiologica Sinica (2015) 55 (8)

LI R W], S, passalidarum X A % OBE S ARBE % 2R
B~ 8 B R 2 LW 110 5 0 e g i T A B A B
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Figure 4. Effect of different carbon resources on growth of five xylose

utilizing yeasts.
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%. NH,Cl. (NH,),SO,. (NH,),HPO,. KNO,.
(NH,) HCO, 2,/ % O i BUH W 9B 19 1 k& 15
B 4R (e 2) A
KE 0l (B 5) w740, B (NH,) HCO, 4b,5 Bk A B iz
RES B 05 0 w5 20 A A I s AR Ko AEAL IR/
SE Oy, S, passalidarum C.
Jeffriesii A P A D0 U5 B R S 2B HH B v 1 e 18
s, Hotp €. amazonensis A1 C. jeffriesii B 42 fg LA B
W B9 PR 28 0 BAUR BEAT R e RS S,
M C. tenuis GEW FH] 2 B As RO E K 9% 7 g
T8

2.4 HENEEAELBENZIE

2.4.1  HACHN SR B TE < Fh D IR R R HCR R
I EHYE TR W HERR K A A0 AR 1 7
AR SIZ B0 6 Tl e T R A A A S B N ) ) AR A AT
THETC et 7R 2, DU R de R A B R I
o I 6 AT LA i, S5 PRI REAE S A5 b S8
TOERKRKBLS . HEMNA R REAE S 2 h 1R

amazonensis A C.

stipitis

R2 SHAHEMNABRSREFREN LR

Table 2. Comparison of assimilation capability of different nitrogen resourse

Nitrogen sources

Strain t/h
yeast extract peptone urea NH,Cl1 (NH,),S0, (NH,),HPO, (NH,)HCO, KNO, NH, Ac

S. stipitis 24 - - - - - - - - -

36 - - - - - - - - -

48 + + - + + - - - -

72 ++++ +++ - +++ ++ - - - -
S. passalidarum 24 + +++ - + ++ - - ++ -

36 +++ ++++ - +++ ++++ - - +++ +

48 ++++ +4+4++ - +4+++ +4+++ + - +++ +++

72 ++++ ++++ - ++++ ++++ +++ - ++++ 4+
C. amazonensis 24 ++ + - ++ ++ - - ++ ++

36 ++++ +++ ++ +4+++ ++++ + - +++ ++++

48 ++++ ++++ ++++ e+t ++++ +++ - ++++ e+

72 ++++ ++++ ++++ e+t ++++ ++++ - ++++ 4+
C. jeffriesii 24 ++ ++ + + ++ - - + +

36 +++ ++4++ ++ +++ +4+++ - - ++ ++

48 ++++ ++++ ++++ e+t ++++ - - +++ +++

72 ++++ ++++ ++++ e+ ++++ ++ - ++++ 4+
C. tenuis 24 - - - - - - - - -

36 - - - - - - - - -

48 + + - - + - - - -

72 +++ + - - + - - - -

++++ , tubes filled with 100% gas; +++ , tubes filled with 75% gas;
with no gas

++, tubes filled with 50% gas; +, tubes filled with 25% gas; -, tubes filled
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Figure 5. Effect of different nitrogen resources on growth of five

xylose utilizing yeasts.
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Figure 6. Growth curve of five xylose utilizing yeasts under xylose
medium. Error bars indicate the standard deviations of two parallel

experiments.
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J W30 g/ L ARPEA 8. 14 /L I ARMEEEAI 4. 86 ¢/
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BEFR A, 5 BRI BE S8 BEAS 2 I A  (H 8 4 3 <
PR EAGE T KRB EEER. Y
S, FERERE JT I, S, passalidarum A5 GE % PR 4 M AC 6
ARHE-30 g/L ARKEBE W 41 36 h P #6 58 425 1M S.
stipitis~C. amazonensis Fll C. jeffriesii 1€ K 48 h J5
18R 53 W4T 5.66.2.09 F1 5.29 g/L &4 ; C. tenuis
ARBEAU AR A2, K 120 h J5 558 F 14.25 ¢/L
Bl TREXE S PR REACU ™ 0 20 A A, PR AR 4%
PER 5 BRI BEAC U 7 W I e A s % i 5 4 . S
passalidarum AR ARBE =4 12,10 ¢/L 48, B P
5 0.43 glg, NILR P HM 93.47% ; S. stipitis 1]
LW 2 EA — e, 18 8] 0. 39 g/ g, KT
S. passalidarum ; B 5 F > C. amazonensis fCHf AR
B A% 14,99 o/ L RHEREFT 3. 91 g/L LB, A HEBE
FEAEGE 0.51 glg, A WA Y I L fE 2 S C.
amazonensis [ ARFERE A 7. R C. tenuis K )5
475 Bk 4 K R OBE S A ROBE I A AL R B 1L )
0.55 g/go

3 ik

ASCHEIT T S RRAHEE B XT IR L SRR i3
25 s R 52 ) ISR A TG/ A8 S B BIF 5T T e
I RS #0205 (0 R e 05 g Ahad i oK
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Figure 7. The xylose fermentation of five xylose utilizing yeasts under aerobic condition. Dates presented in (A) (B) (C) (D) are the variation of

0Dy, » xylose consumption, ethanol production and xylitol production with time respectively. Error bars indicate the standard deviations of two

parallel experiments.
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Figure 8. The xylose fermentation of five xylose utilizing yeasts under oxygen limiting condition. Dates presented in (A) (B) (C) (D) are the

variation of 0D, » xylose consumption, ethanol production and xylitol production with time respectively. Error bars indicate the standard deviations

of two parallel experiments.
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Physiological and metabolic characteristics of five xylose
utilizing yeasts

Hechao Fan, Liang Zhang , Ying Li, Youran Li, Zhenghua Gu, Zhongyang Ding,
Guiyang Shi
National Engineering Laboratory for Cereal Fermentation Technology, Key Laboratory of Industrial Biotechnology of

Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] It is of great significance to improve the utilization of lignocellulosic material, the most abundant
renewable resource on earth. [Methods] We studied the stress tolerance (temperature, ethanol and osmotic tolerance) of
five xylose utilizing yeasts, Scheffersomyces stipitis, Candida tenuis, Spathaspora passalidarum, Candida amazonensis and
Candida jeffriesii. We also tested their utilization ability of multiple carbon and nitrogen sources. [Results] S.
passalidarum could tolerate at 44° C and utilize various carbon and nitrogen sources effectively. S. passalidarum could
metabolism xylose rapidly to produce ethanol, with an ethanol yield of 0.43 g/g under oxygen limiting condition. C.
amazonensts could also torelate at 42° C. Moreover, C. amazonensis could converse xylose to xylitol with ethanol as the
main by-product. [Conclusion] S. passalidarum is a potentially valuable workhorse in industrial utilization of
lignocellulosic for its excellent characteristics. In addition, C. amazonensis may be a promising xylitol producer.
Keywords: Scheffersomyces stipitis, Spathaspora passalidarum, Candida amazonensis, Candida jeffriesii, Candida tenuis,
xylose, physiological and metabolic characteristics, lignocellulosic
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