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Tolerance of hyperosmolar Candida krusei

WU Nasha, SUN Yagqin, XIU Zhilong"

School of Bioengineering, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract: The utilization of industrial microorganisms for the conversion of lignocellulose into
high value-added chemicals is an essential pathway towards achieving carbon neutrality and
promoting sustainable bioeconomy. However, the pretreated lignocellulase hydrolysate often
contains various sugars, salts, phenols/aldehydes and other substances, which requires
microorganisms to possess strong tolerance for direct fermentation. This study aims to investigate
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the tolerance of Candida krusei to substrate, salt, and high temperature shock, in order to validate
its potential for utilizing the enzymatic hydrolysate of Pennisetum giganteum in seawater for
fermentation. The experimental results showed that the adaptively domesticated C. Kkrusei
exhibited tolerance to glucose at a concentration of 200 g/L and became a hypertonic strain. When
seawater was used instead of freshwater without sterilization, the yield of glycerol in fermentation
was 109% higher than that in freshwater with sterilization. Moreover, the combined thermal shock
at 32 hours of fermentation and addition of 10 Na,SO; at 48 hours resulted in a yield of glycerol
to glucose 0.37 g/g, which was 225% higher than the control group. By fermenting the enzymatic
hydrolysate of P. giganteum pretreated in seawater, the total conversion rate of glucose into
glycerol and ethanol reached 0.45 g/g. This study indicates that hypertonic C. krusei exhibits
remarkable adaptability to substrate, salt, and temperature. It not only can directly utilize complex
lignocellulosic hydrolysates, but also exhibits strong tolerance to them. Therefore, it provides a
potential candidate strain for the production of bio-based chemicals using lignocellulosic processes.

Keywords: hypertonic Candida krusei; tolerance; fermentation in seawater; lignocellulose;

glycerol; ethanol
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Figure 1 Concentration of fermentation products at
various glucose concentrations.
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SRR ARSI AR SCIREE IR, fEMNB IR 22 %
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Figure 2  Effect of addition of gradient concentration

NaCl on fermentation. A: Glucose concentration. B:
Glycerol concentration. C: Ethanol concentration.
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Figure 3 Effect of addition of various
concentrations of Na,SO; on fermentation.

A: Glucose concentration. B: Glycerol concentration.
C: Ethanol concentration.
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fermentation. A: Glucose concentration. B: Glycerol
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-—=—30°C
—e— 32 h 40 °C Thermal shock for 30 minutes
—4—32 h 45 °C Thermal shock for 30 minutes
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Figure 5 Effect of thermal shock on fermentation.

A: Glucose concentration. B: Glycerol concentration.
C: Ethanol concentration.
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Figure 6  Effect of seawater fermentation. A:

Glucose concentration. B: Glycerol concentration. C:
ethanol concentration.
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. , L . . . . . Add Na,SO, | . . .
0 24 48 72 96 120 144 0 24 4{5 7296 120 144
| Time (h) Time (h)

7 K. RMEERE Na,SO; X LZBEIISFIM A WAWKE. B: HHlkE. C: ZFEZ. D: &

Figure 7 Effect of seawater and addition of various concentrations of Na,SO; on fermentation. A: Glucose
concentration. B: Glycerol concentration. C: Ethanol concentration. D: Acetate concentration.
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Figure 8§ Effects of seawater, thermal shock and
addition of various concentrations of Na,SO; on

fermentation. A: Glucose concentration. B: Glycerol
concentration. C: Ethanol concentration.

1 (FRAERVE pH BRE LXKV X150
Table 1

2.6 WS AREEREMRR

25 LTI AE R T B AN R
WETN B AR 22 BE RS H o (5 2% NaOH & i 1
b PR B i FHER R pH URA T AR, B
S WA ORI AL L6 T 5 1) A AT B (A B L, P
e ABEREA T R . BRfARIS AT A5 32.48 /L %)
Wi, 13.66 g/L AW 1.49 o/L BFiffhs; ki
12 h, At 2.49 /L, N 0.077 g/g;
R OB 11.62 g/, H1E#E 036 g/g; EEELR
ik 0.43 g/g (F ). HIZEFX Y BAT S8,
FIFRAGZRE, AR A FIBTHA

Tt —Hd ] NaOH FiAb3E , AHHATUEL
EBRARTER, HEH HCL Y pH WSSy
MR, AR BRI, R R A PR (1 £F
YEZ DA TURRIE T, SR AR PR S vhik
TR WA FIHRAL T ; 455 A RHFRI T4 |
FBeIa P A, FLRR RS o MR SR ai A 2 .
it PR K EA T ORI S R I BGAARUR % 14 h, THAE
HEIHE 52.09 g/L, L AHM 483 g/L, PEL
W 18.87 g/L, BMEILHN 0.45 g/g (5 2).

3 Wi

T A TS WA [RIIAEE I BE T, L0
S S PR TR S B O3 B M A T B Ve
TG AR B S AL AR 3R, AR & 0 1B 1R
J1, IE M RAEFSRBPEIREY, ALE 15k
2 55 TR PR B T 32 222

Fermentation substrates and products after enzymatic hydrolysis using hydrochloric acid to adjust pH

Time (h)  Glucose (g/L) Xylose (g/L)  Arabinose (g/L) Acetate (g/L)  Product concentration (g/L)  Yield (g/g)
Glycerol Ethanol Total
32.48 13.66 1.49 2.19 0 0 0 0
4 31.66 13.56 1.48 2.11 0 0 0 0
19.76 13.85 1.51 1.91 1.92 4.93 6.85 0.54
12 0 13.13 1.53 1.44 2.49 11.62 14.11 0.43
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®2 ERTIERE AR pH BERRE L BRI K 1B R

Table 2 Fermentation substrates and products after enzymatic hydrolysis using citric acid buffer to adjust pH

Time (h) Glucose (g/L) Xylose (g/L) Acetate (g/L) Product concentration (g/L) Yield (g/g)
Glycerol Ethanol Total

0 52.09 15.77 3.90 0 0 0 0

4 51.77 16.60 3.91 0 0 0 0

6 48.36 16.84 6.03 0 0 0 0

8 40.29 16.63 6.56 0 5.37 5.37 0.46

10 29.35 16.83 4.53 3.55 7.84 11.39 0.50

12 14.38 16.32 4.42 3.92 13.57 17.49 0.46

14 0 14.68 4.27 4.83 18.87 23.70 0.45

G s T RS — O 3-BERR T
JIii & ¥ (glyceraldehyde-3-phosphate  dehydrogenase,
GPD), %% 2 /M2 3-BEmR T i fE B (glycerol
3-phosphatase, GPP), H.ixX 2 > SCH & M HIE
PESZ BB R se ), BT AT LA Rk AR o 5 2
FB & R0 7%, R B WA O 2 T
M IR, S BB A
SR 2 712 35 FE RE RS AL 1k H- vl iy 2 =0y At
IEE IR, W 20 ¢/l SEALENRCR et , 1T
e RV 2 B RIVE T o X TR A EEAL, 1
FUnEh 2 FEO A A I AR, Fe B K
Y X5 37 e AR AR R B e 25 DT S 3R8CR
AN, Rt A ER B HLRT 8 s Bk KR
W1, SRR AN B AR A B R R
TEFMRIE B R G, B 48 h s msifb4n
ROR BT

H I B — A~ B 200 O e 45 i
TR A 7 B, i 3 BHLIBY £ B A i 442 T LA
KRB EETHH R R RSOR . AR BR A 1E -5 )
R, WL E LT PR 5 OB,
TER AU R AR 5% 28 Sy HHE iy TH A 444G
MIVERT; 4 = A2 IR WD B e i, W I A
AR I3 — > =R R S A AR R S o T
W, ATERERTEH R,

— T e B A Pt B T IR L G
i 22 ¢t (Candida glycerinogenes) WL2002-5 [,

&: 010-64807509

PRI B B AP A B TR L il L R B 32
PR, TAIRAE R . R TIEFELL R ) A
A BEANTE [7] — TR A0 ] — s ) ik 1) B AR,
I K A T R IR B A IR« S AR T 4
SR FHAS R A 1 7 3 W0 G BUAIRHR A 0 k240 it
AR, WG FRR T i A I, AT Lo 4 i i)
IR0 AE, JES s H Il ™ o A A Y
DAL T A THELIRH A 224, H )™ 5 #8 L AR il
KRBT o AR RS S REM, 5
T K e B 1 R RE A A I, BRAR 1 R T T RE A 4
WA, R EE R A B, (EH A
FA PRI i b T DL AT B
FPRIE T A A J7 DAt B e I H b ity = 4
JiE DR v it R 3 R 0 30 o 240 6 PR ) AR T B 1
FFEAR S 7 (AT Bl , SE PN AR 1L AR
TR, A AR B E RS2 R . Sk
BRI, X TR R A T o ] Fry R el ] LB
THH 5 R AR o 3 — S5 R STk GE AR )
B, AR AT ST b R L AL
RPLE I (B iR 5 5 W H il A2, B
i P AU AR M A A BRI T A, TR 40 M35 2
HE RS R R B AT R A RICR Bl

FRT B R B A RS 324k T
PSR . RGP R T BURRE
R BRE DR A IR AR R AR AR T Y
Un SR ME LTI A B R M O 21 AE R AT i,

B<: cjb@im.ac.cn




918

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

THE R ML TR, R 52 B B A 1y ot
GEURAY FE 3 o 21 H M AR B2 4 22 A 0
L HA B, ER AL B F 2
FERRGR, XIS SR B AR — s A4 RO,
DRI, 242 T8 s 5 o A R 7 P i b B, Gl
S S DA ST £ 4l 3 A Wil A B H) S B 2P
BREY . A B A F —§ 0 % B B A T T Ak
B MR BT R T RAT AR B B Y
PRETIE N, X ORHEORAR, 167 ZRER Rl i
PR, X R AR P IR A SR ML R
W T35

4 Hik

N 7 SR B A SO/ N NN
Jer 00 R v I v R 2P o R TR K AR K
AN KR KB H ™ i BOROK KT R B =
T 109%; KM 32 h BFR i 454G 48 h BF5] A
10 g/L WARFREN, %A THm ™%
0.37 g/g, Hily= & X IR T T 225%., 5%
T RERE AR L, TS IR 22 BE R TE A R R B T
PEATAE Y < TR H A e B AR 3
T, WA B e B g 1) H v B A R A
BER A 52 M ELRH OREE SR AR, g B4 A
KAk 3R L R AR AT A T, TR A 1)
PR AC N H A B RN 0.45 g/g.
A G R AR B 45 4t 2 R WA 7 A= ) B b
fn PR T LA A G i 2 M 18 46 38 B AR B R AN
T2,

REFERENCES

[1] LU QL, TANG LR, WANG S, HUANG B, CHEN YD,
CHEN XR. An investigation on the characteristics of
cellulose nanocrystals from Pennisetum sinese[J].
Biomass and Bioenergy, 2014, 70: 267-272.

[2] HUANG C, ZHAN YN, CHENG J, WANG J, MENG
XZ, ZHOU XL, FANG G, RAGAUSKAS Al
Facilitating with a novel

enzymatic  hydrolysis

http://journals.im.ac.cn/cjben

guaiacol-based deep eutectic solvent pretreatment[J].
Bioresource Technology, 2021, 326: 124696.

AL, SKIERE, BR, BEN, WY, HER,
TR TR B X I T A A P R 1 52 i i ).
T B HOEEE, 2012, 36(6): 59-63.

LEI HX, ZHANG JG, LI JF, ZHAO JG, YANG GF,
YANG XS, REN MIJ. Effect of altitude on growth
performance of Pennisetum giganteum[J]. Guizhou
Animal Science and Veterinary Medicine, 2012, 36(6):
59-63 (in Chinese).

H g, B R =R A i M R s (E A R
WE5EID]. FT: TR A A AR 3L, 2017.
TIAN ZJ. Fractionation of the three main components
from P. sinese and using for high value products[D].
Nanning: Doctoral Dissertation of Guangxi University,
2017 (in Chinese).
SIBIRNY AA.
Filamentous Fungi[M]. Cham: Springer International
Publishing, 2017, 117-148.

FATMA S, HAMEED A, NOMAN M, AHMED T,
SHAHID M, TARIQ M, SOHAIL I, TABASSUM R.
Lignocellulosic biomass: a sustainable bioenergy source
for the future[J]. Protein and Peptide Letters, 2018,
25(2): 148-163.

AR 3 Ao R4 B 5T A T A ) i 1 0
FEYE[D]. dbat: JEnt B RSAR 2= A0 3, 2017,
YU LP. Enhancing the robustness of engineered
Saccharomyces cerevisiae through the regulation of

Biotechnology of Yeasts and

cellular protein homeostasis[D]. Beijing: Master’s
Thesis of Beijing Institute of Technology, 2017 (in
Chinese).

Tk, PRI, WK AP EAR: RFRILNR R B i
MK FEL). B kR, 2016(2): 16-20.

YIN J, CHEN GQ. Blue water biotechnology-industrial
development of polyhydroxy fatty acid esters[J].
Advanced Materials Industry, 2016(2): 16-20 (in
Chinese).

S, FEH, XUSL B G BRIUEERERE SR T Asglp
PR G R A BEALRI ], B S AR R AR,
2017, 36(2): 156-163.

WU J, TANG L, LIU LM. Physiological mechanism of
transcription factor Asglp for the regulation of
robustness of Candida glabrata[J]. Journal of Food
Science and Biotechnology, 2017, 36(2): 156-163 (in
Chinese).

WV 77T IR 22 R T b A 8 A AQ S AL B [D].
JoB: TLR R E 2 # e 3L, 2006.

XIE T. Metabolic mechanism of glycerol fermentation



RIPT F | MEEEHRLESNM 2N

[13]

[15]

[16]

by Candida glycerinogenes[D]. Wuxi: Doctoral

Dissertation of Jiangnan University, 2006 (in Chinese).
B, HRZE, FOKik, m#). Candida krusei (4534t
F RS AN LR IR AR )], A RO T AR T
5, 2001, 17(1): 50-54.

TANG J, HUANG LJ, CAI SH, YE Q. Production of
glycerol in batch and fed-batch cultivation processes of
Candida krusei[J]. Chemical Reaction Engineering and
Technology, 2001, 17(1): 50-54 (in Chinese).

Xk, XfEte, XKh, B, LR
AEFEHIIFIE D). fb2E TAR, 2003, 31(3): 50-52, 57.
LIU YQ, LIU DH, LIU TZ, MA ZG. Glycerol
production of repeated batch fermentation technology
with free osmophilic yeast[J]. Chemical Engineering,
2003, 31(3): 50-52, 57 (in Chinese).

A4S, PR, Wi, i, e R
P 7 i O e il 5 R E R B BE b i R 0], Hh
AW TR, 2006, 26(1): 38-41.

ZHAO YX, RAO ZM, SHEN W, FANG HY, ZHUGE J.
Expression of key enzymes in glycerol synthesis of
Candida glycerolgenesis in Saccharomyces cerevisiae
W303-1A[J]. China Biotechnology, 2006, 26(1): 38-41
(in Chinese).

RS, LT 2T 2 R Mt 1) B T B 21 44 0 43 i
F[D]. PFEd: & Ll Rl L= i3, 2021.
SHEN JH. Study on fiber component separation of giant
weed based on hemicellulose enzymatic hydrolysis[D].
Jinan: Master’s Thesis of Qilu
Technology, 2021 (in Chinese).
LRH. PR B TR TN PR ARG AT R B A
YAID]. K A& F TR LA 085, 2022.

AN YM. Pretreatment of Jerusalem artichoke straw by

University of

hydroxylamine ionic liquid for fermentation to produce
acetoin[D]. Dalian: Master’s Thesis of Dalian University
of Technology, 2022 (in Chinese).

WARH, XA, skon, ARITH, XK, JREEL N
FHFA T Ak BRE AR 5 R T b 7 3] AR TR
2441, 2000, 16(3): 383-386.

XIE DM, LIU DH, ZHANG Y, ZHU BT, LIU TZ, SU
ZG. Application of thermal shock treatment technology
to improve the yield of fermented glycerol[J]. Chinese
Journal of Biotechnology, 2000, 16(3): 383-386 (in
Chinese).

WANG XL, ZHOU JJ, SHEN JT, ZHENG YF, SUN
YQ, XIU ZL. Sequential fed-batch fermentation of
1,3-propanediol from glycerol by Clostridium butyricum
DLO07[J]. Applied Microbiology and Biotechnology,
2020, 104(21): 9179-9191.

&: 010-64807509

[18]

[20]

(21]

(23]

[24]

WANG X, TAO YH, YANG Q, CHENG Y, DU J,
WANG HS. sulfite
synergistically pretreat reed to enhance enzymatic

Ammonia and  sodium
saccharification[J]. Bioresource Technology, 2023, 380:
129070.

ZHANG Y, XIN DL, WEN PY, CHEN X, JIA LL, LU
ZM, ZHANG JH. Comparison of alkaline sulfite
pretreatment and acid sulfite pretreatment with low
chemical loading in saccharification of poplar[J].
Applied Biochemistry and Biotechnology, 2023, 195(7):
4414-4428.

PETROVSKA B, WINKELHAUSEN E,
KUZMANOVA S. Glycerol production by yeasts under
osmotic and sulfite stress[J]. Canadian Journal of
Microbiology, 1999, 45(8): 695-699.

Ak, L, Aot e, B, BB, B AOE, TERE
TE NS  HEAEORTE R E Y B Rl b i (0],
AR TR AR, 2021, 37(1): 130-141.

L1J, KONG J, LI SL, ZHAO Y, ZHAO YK, XIAO DG,
YU AQ. Advances in adaptive laboratory evolutionary
engineering to microbial breeding[J]. Chinese Journal of
Biotechnology, 2021, 37(1): 130-141 (in Chinese).
RIRIH, KA, I A W S g % A A ST
JEN). A¥rin To3 A, 2019, 17(1): 8-14, 22.

ZHU CY, ZHU MZ, LI S. Research progress in
microbial laboratory evolution[J]. Chinese Journal of
Bioprocess Engineering, 2019, 17(1): 8-14, 22 (in
Chinese).

LIANG SX, JIANG W, SONG YB, ZHOU SF.
Improvement and metabolomics-based analysis of
D-lactic acid production from agro-industrial wastes by
Lactobacillus  delbrueckii
laboratory evolution[J]. Journal of Agricultural and
Food Chemistry, 2020, 68(29): 7660-7669.

ZHANG CJ, SHARMA S, MA CW, ZENG AP. Strain

evolution and novel

submitted to adaptive

downstream processing with
integrated catalysis enable highly efficient coproduction
of 1,3-propanediol and organic acid esters from crude
glycerol[J]. Biotechnology and Bioengineering, 2022,
119(6): 1450-1466.

TR . T 8 W B R e A 7 H il e T2 —2
375 T R 240 i 375 P 981 R n & 1 4 T 2 AR D]
dtmt: o E R = B i B TR S AR L 2= A S,
1999.

YANG YO. Optimization of glycerol production by
hypertonic yeast fermentation-adjustment of osmotic
membrane

pressure and cell permeability and

optimization of fed-batch fermentation[D]. Beijing:

B<: cjb@im.ac.cn

919




920

ISSN 1000-3061

CN 11-1998/Q AW T.#22*#  Chin J Biotech

(28]

Master’s Thesis of Institute of Process Engineering,
Chinese Academy of Sciences, 1999 (in Chinese).
Xag, XUGEAE, JRIn. LASRAL BN 8 i 19 7R /Y
e B 3% Sk WD) Ak T2E R, 2003, 54(2):
259-263.

LIU YQ, LIU DH, SU Q. Glycerol production by batch
with  NaCl as
osmo-regulator[J]. Journal of Chemical Industry and
Engineering, 2003, 54(2): 259-263 (in Chinese).

B K 2 I v M A I8 L 25 WS (D).
To#h: LR RSML 2= A8 3, 2018.

YANG F. Study on fermentation response of Candida
glycerinogenes at high temperature and high sugar[D].

and continuous fermentation

Wuxi: Master’s Thesis of Jiangnan University, 2018 (in

Chinese).

KRAeIh, PRAEAS, MRRE, 24, &K, MbkE BW

E(Pennisetum giganteum)flF 75 kB[], AR A MK 2

(A IRFFERR), 2019, 48(6): 681-687.

ZHENG HK, LIN XJ, LIN H, LI J, LU GD, LIN ZX.
JUJUNCAO (Pennisetum

of Fujian Agriculture and

Research  progress on
giganteum)[J].
Forestry University (Natural Science Edition), 2019,

Journal

http://journals.im.ac.cn/cjben

[31]

48(6): 681-687 (in Chinese).

SRALY . HE TR AR L 2 RRIRAE Y Tl A B R K I e Ak,
M R AR [D]. dba: db ik TR A2
B, 2017,
ZHANG JZ.
lignocellulose energy and process enhancement of

Pretreatment of crops based on
ethanol fermentation[D]. Beijing: Doctoral Dissertation
of Beijing University of Chemical Technology, 2017 (in
Chinese).

PALMQVIST E, HAHN-HAGERDAL B. Fermentation
of lignocellulosic hydrolysates. II: inhibitors and
mechanisms of inhibition[J]. Bioresource Technology,
2000, 74(1): 25-33.

KSR . R I 7 BAC T I ffe 2R T A - it A - i T —
Bl 4 £ 4E R CRERIBESE (D] M TR TR
WL AAAR S, 2022.

ZHENG XJ. Preparation of cellulose ethanol from
bagasse by “one pot method” of pretreatment-enzymatic
hydrolysis-fermentation after hydrothermal short-time
depolymerization[D]. Guangzhou: Master’s Thesis of
Guangdong University of Technology, 2022 (in

Chinese).

(AR3CTi%  MIETT)



