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SUMMARY
(JEL%GF)

1. Improvement and Characterization of Xylitol Producing Microorgams

In order to produce xylitol from hemicellulose hydrolysate which is
widely used as a substrate, the developement of strain such as catabolite
derepressed and xylitol dehydrogenase(XDH) defective mutant is required.
After EMS treatment, catabolite derepressed mutants were isolated from C
tropicalis sp. The mutants isolated simultaneously assimilated xylose and
glucose during the fermentation. The specific xylose reductase activity of
mutant strains were also higher than that of wild strains in glucose
medium. In the xylitol fermentation, XDH defective mutant CXM-1 in a media
containing 100 g/ of xylose and 100 g/1. of fructose as co-substrate was
showed the best xylitol production and xylitol yield In the fermentation of com
cob hydrolyzate by XDH defective mutant PXM-4, the maximum xylitol
production was 50 g/l with a 100% vyield at 3 days culturee. From C
tropicalis ATCC20336, NADPH-dependent XR gene was analyzed and
cloned, The analysis of genomic DNA confirmed that C tropicalis
contained at least two XR genes. We obtained the positive clone from the
45 kb of Sacl-Xhol digestion of genomic- DNA and cloned XR gene by
subcloning of 45 kb DNA fragment. The sequence analysis of XR gene of
C tropicalis reveals that TATA box and aldose reductase cofactor binding
regions are identical with the XR genes in Candida tropicalis and Pichia

Stipitis.
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Flocculent mutants was isolated from non-flocculent strain, Candida
tropicalis, by random mutagenesis using EMS. The selected mutants
showed low final cell concentration, but similar xylitol yield, compared
with wild type strain. In order to develop efficient bioprocess of xylitol
production, repeated batch fermentation was carried out for xylitol
production of flocculating yeast by addition of flocculating agent. Among
the tested flocculating agents, Zetag78 was selected on the basis of its
functionality and dosage effect. In complex media, the factors affecting
cell flocculation were investigated ; yeast extract with high salt content
affected it but pH didn’t.

In order to enhance xylitol production, an optimum DO concentration
range and redox potential were determined. By controlling redox potential
in the range from -60 mV to 250 mV cell concentration of Candida
parapsilosis was increased along with redox potential, but xylitol
production was maximum at 100 mV. At this point, specific xylitol

productivity was 0.16g/g-hr, and volumetric productivity was 0.7 g/L-hr.
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2. Process Optimization for Xylitol Production by Xylose Bioconversion

A Dbiological process . using Candida tropicalis ATCC 13803 was
proposed to produce xyiitol, functional sweetener, from xylose, which is a
major component of hemicellulose hydrolyzates. Xylitol could be produced
as an intermediate of xylose metabolism through bioconversion from
xylose without cell growfh by controliing oxygen supply. In order to
increase xylitol yield and productivity, a two-substrate fermentation
using glucose for cell growth followed by xylose bioconversion to xylitol
was designed.

Effects of pH, agitation rate and initial xylose concentration on xylitol
production were investigated in an effort to optimize environmental
conditions. Optimum values were pH6, 1vvm, 500rpm (K.=1.06 /min) and
100g/I. of initial xylose concentarations. In the case of low oxygen
supply, a high xylitol yield was obtained due to decrease of cell growth.
Low levels of NAD/NADH ratio and ATP, the both used as cofactors
of xylitol dehydrogenase and xylulose kinase, led the xylose flux in cell
toward Xxylitol production. But below the optimum oxygen supply rate, a
volumetric productivity decreased owing to reduction of overall activity
of cell metabolism and regeneration rate of NADPH required for xylose
reductase. Osmotic stress, rather than substrate inhibition, gave rise to
decrease of specific xylose consumptién rate and specific xylitol
production rate above 100g/L of an initial xylose concentration.

Even though high initial glucose concentrations increased volumetric
productivity by reducing a conversion time due to high cell mass, they

also caused production of ethanol, which, in turn, inhibited cell growth
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and xylose bioconversion. 28g/L. of initial glucose concentration was
achieved from computer simulation by the 5th Runge-Kutter method
using kinetic equations of cell growth and xylose bioconversion related to
ethanol concentration. Specific growth rate was described by the Luong
equation based on a .non-linear regression analysis. Specific glucose
consumption rate and specific ethanol production rate were described by
the logistic equation. Specific xylose consumption rate and specific xylitol
production rate showed an allosteric inhibition pattern and a xylitol yield
was not influenced by ethanol concentrations. The optimized
two-substrate batch fermentation resulted in a volumetric productivity of
3.85 g-xylitol/L.-hr and a yield of 0.81 g-xylitol/g-xylose.

Fed-batch cultures were also run to increase a final xylitol
concentration. An increase in osmotic pressure by high concentration of
xylose or , especially, xylitol caused a decrease in specific xylose
consumption rate and specific xylitol production rate. Reduction of xylose
bioconversion rate by increasing xylitol concentrations was more
significant at low xylose concentrations in the medium. It was
appropriate to maintain 100g/L of xylose in the medium for xylitol
production. The optimized fed-batch fermentation to keep a xylose
concentration in the medium constant yielded a volumetric productivity of
39g-xylitol/L * hr, a yield of 0.75g-xylitol/g-xylose and a final xylitol
concentration of 185g/L.

Scale-up experiments to 3L and 30L were successfully carried out to

reproduce the experimental results obtained in the 1L fermentations.
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3. Erythritol Production by Biocon’version

Glucose and yeast extract were the best carbon and nitrogen sources of
.Candida sp. JH to produce erythritol at 28 C and the initial pH: of 7.0
respectively.  The medium containing the 20 g/L.of KCI enhanced the
erythritol yield, showing erythritol production of Candida sp.. JH was
stimulated by high salt concentration of medium. After EMS treatment,
mutant M26 which showed high KCI tolerance and erythritol yield was
selected. With wild strain, 25.5 % of erythritol yield and 0.235 g/L-hr of
productivity were obtained. In contrast, with mutant M26, 29.1% of
erythritol yield and 0465 g/L-hr of productivity were obtained at 0.5
vvm aeration and 700 rpm agitation. The erythritol yield demonstrated a
1.2-fold increase in the medium containing 50 g/l. KCl.  Erythritol
production was proportionate up to 250 g/L of glucose concentration.
However the maximum cell concentration was decreased in the high
glucose concentration. Mutant M26 produced 1264 g/L erythritol from
250 g/L glucose medium. The erythritol yield and productivity were 50.
4% and 0.602 g/L-hr, respectively.

4. Development of Agricultural Waste Hydrolysis Method

The hydrolysis methods were investigated to obtain the fermentable
carbohydrates, glucose and xylose, from agricultural waste. It was found
that hydrolysis of hemicellulose by acid followed by removal of lignin by
addition of base is efficient procedure. Six hour treatment at 100°C using
126 sulfuric acid was optimum conditions for acid hydrolysis of

hemicellulose. Acid hydrolysis of hemicellulose in strew and com steep
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under optimum conditions resulted in 4.2~4.6 g/L. of glucose and 8.0~82
g/L of xylose with 100% yield of hydrolysis. During the series of
hydrolysis, efficiency of hydrolysis was decreased significantly after 4th
process. Cormn steep hemicellulose was more easily hydrolyzed than straw
hemicellulose. .

For enzymatic hydrolysis of cellulose and xylan, which are major
component of agricultural wast, purification and characterization of
enzyme from selected microorganism grown in hemicellulose was
performed. It was proved that purified enzymes were xylanase and £
-xylosidase and it could hydrolyze xylan to xylose. Hydrolysis efficiency
was increased by using Xxylnanse and xylosidase simultaneously.

Xylanase, A -xylosidase, B -glucosidase genes were cloned successfully.
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25t A% go| HASAE AedAL AFHA ooz AW FHol
9 REch3). 2B ZAUEE Table 1614 BEo) Mz wlZato]
ta 2AY A FATHA),

Table 1. Relative sweetness of various sugar alcohols.

Polyalcohols Sw:zznr::: iel(altl(')\(;t;. to
Sorbitol 60
Mannitol 50
Maltitol %0
Erythritol 80
Lactitol 40
Xylitol 100

4ddog ANE stAE WEA YLE2E sorbitol, erythritol,
xylitol, mannitol 5°] Ut FLEEFY FWAIF RS sorbitole] A
o 300002224 Huj AFe YHHT U2 YA maltitol® xylitolo]
500 ~ 10008 722 FAZE AF #27 vvlsiy 2 F48 4YA
& Holm Q& AFOIHE). ola¥ AF FRE YBAME SAHE G4
& Holm Slch (Table 2). BLIY AYo2Z: YBHOZ aldose T2
ketose Felel FE& e 1 selA 22 Hrlstd FAAINE WY
Agstn Aok Y oY shetH YAYORE YAFgo] Hn #
A2 AA FAYESe Bon Y8 SAo| mroly] WFo) MAE wE



g B¢ 3T YPANE 9T A7/ 8L WY Foln@). WIy
A#43 €4 Fol lignine] #§Fo] ¥ 2HA hemicellulosed] 3ol vi$¢ =
& HPH Sy 022 2RIPMAY xylitold} erythritol S AP F 7}
Aol 4R & Qe FAY ALe YTAY D ATAY B W 3
K80z Az, od@ s1¢e AL sd B4 YL ge B
EF4e] YEEZ o8% 4 3ol 1 FFTEHE vj$ 2 Roz dy€r

gabd 54 AU Aed BRERE s AE 29 FYEL
yEEtdon Yuss] AR FA Agol B HAAe AE AFZEo|d
3 FA HzYQ R33N ey H02RE L FEE2 xylosest
glicose® J& 2A3} | S2ZHY ¢4 Wo|FF ¢ AXY ZHE ol B3t
o & AAdoF xylitol®} erythritold A4t AEAF FA 2 sd
L=

Table 2. Market of sugar alcobols in Japan (1995)

Consumption Price Amounts

(ton/yr) (Yen/Kg) (10 Yen)
Sorbitol 80,000 130 117.0
Maltitol 12,000 400 48.0
Xylitol 400 1,800 7.2
Lactitol 180 500 0.9
Erythritol 1,000 800 80
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Xylitol e H®3 FAHE vk 582 €aERA ojAdEoly g,
HaFol 2ol Aoy A XxF dAFAHANA T AR ER 8
Fol 5~15 gol BAHE HAEHH3EBA). Xylitold] 7 F2E g
ERQ& Rojel v Aok Aotk Xylitold B@5o2 EE & 33
g7 FHg FIHE Aol 2HEUE |d A 2ol FA3 Fadd
T B3t dos(l), 34 #9¢dQ Streptococcus mutansol 28 o] &5
A ot X%, SESF, F Fol AMSEHZ 4AZ Iudl YUdEHT e &
deggel Pugz AMgHI Aok E=F xylitole $dE W FIdE
(-36.5cal/g) EAol Aol AFAE F9 insulindll T VI ET =Ao|
SFHA gol Gy A9 glucose-6-phosphate dehydrogenase?} 29
 #RSA 48 dAELR o]fo] JFErH56). "TY AF R
T AHE At HE ARYE FRATE VIR ZHR R Yok,
Z xylitol® 05% HZIPE o 4 FHHEL  Clostridium  butyrican,
Salmonella typhii 9 A&& 234 A7 did JFREAEE
AP EHTHB). ola§ xylitold] $4% s AHdx B3y £57 §49
olfrE ZAAHU Aite]l oYy wEolr)

Xylitole] A4t FHdolut ofaig e AEA 100 g Z 900 mg9
xylitole] EAgo2 7)o oxalic acid® A st FZo] 7H5sixat o
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HZ AEIFAFTA dF HIT7L FolAWA uAE dE o
xylitol Aite] E32 FEHA Ukl AEFTEH HiALye FHe
e go] Fon, A . AgtolA AJite] 7M1, xyloseE Bl RF EF
F 45 7|AZ2 AEY & AudE Holth. @AZA ATFE vl 93
BE Y ESo] xylosed WAI#ACA xylitolE F8& HAMFER A3t
o FHlgos Aldo]l 9o uwet BEIFHHI JEIAHA A
xylose7t E3d Y82 HE dgo xyliolE AT = AE NH548E
AAlEgc @A HIoe MAYEE o] &3 xyloseZHFE xylitol& A
a7l g mAE 5o g4, Sd¥o fER AXY DNA ZIgd ¢
o FFNE, TEZRAY HAs  LERITA ML g F& L ANA
Gd Foll A dA77F 43 o] FojX 1 Yo

o AEBE ZFoll A bacteriat: Enterobacter liquefaciens(12),

Corynebacterium sp.(13), Mycobacterium smegmatis(14) %°} xylitol& A



Agos B3t 1oy bacteriadl] o xylitold] AN E 44
o #&3 HF FEUF HoH121314). Yeastel 9% xylitole] AL A
422 Onishi®} Suzuki(15)7} xylose thAl#A 2] Fg8 MAHEEZ xylitolo]
AdES Badtgdoy £ 50% olddt. I2F yeastsol 2% xylitolel
Al dig B2 AFEe] olFo AY. F Candidad®E FAAH C
pelliculosa(16,17), C. boidinii(18), C. guilliermondii{19,20,21), C tropicalis
(19,2223), C parapsilosis(23}9}  Pachysolen tannophilus(20), Pichia
stipitis(24) $°l xylitol€ AT T 2asYck  olad BuESoAM
yeastsoll 2@ xylitole] 4ol AE 90% o149 +&7 100 g/L o139 §
F AY PEE 92 & UT YUY E 032~167 g/L-hr2 of$ FEH A
olth. 53 Gong $(2D& E& £83 AN xylitle AAEE
Candida tropicalis HXP2?l #0l@ 35 RN AS T Buduch wey
HAZME yeasts?} AAFAHQA xylitole] B4koll 744 AHJgE v Bojng
Be ATAT yeastsol 9@ xylitolel 444, 8 L F FE 3718
A wixlzd 2 AL 239 Ao FFAF A @S AFEE F
galxm dok. ¥A fungi FNA = Petromyces albertensis(25)7} xylitol&
Asigs Bzt ey fungiol 97 xylitole] At ME &3 At
dol g 2ot
Yeastsoll 9% xylose At critical step& D-xylose?} D-xylulose2
Ag=e T4 wgolti(Fig. 1). WA D-xylose?t NAD(P)H-dependent
xylose reductase (XR : EC L.1.1.21)9] 93}l xylitol2 €= 31(2627), o
2.2 NAD’-dependent xylitol dehydrogenase(XDH : EC 1.1.1.9)o} <¢}3}
o xylitol® D-xyluloseZ AAIZICH(28,29). ol® Pichia stipitis <
Candida shehatae 2} xylose reductase™ #HAl2 NADH®} NADPHE =
o] &3 &+ Qlx9H(30,31), Pachysolen tannophilus$t & ARSI E

=

ﬂo

Fl
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NADH 2t NADPHel W@ @A4eo] o =oh27). waA cofactors®l 71%
7 APE LS4 P st AR, xylose reductaset xylitolol
A% A A9 A7t gl7] H Tl xyloseZ2 HH ¥ £E&2 15k
xylitol& AA4E 5 A= 7Hed € AAF A2,

NAD(PH;  NAD(P)' NAD(P)'  NAD(P)H;
N 7/ N\ 7/
Xylose Xylitol Xylulose
Xylose Reductase Xylitol Dehydrogenans
(XR) (XDH)

Fig. 1. Critical step of xylose metabolism by yeasts.

Yeastsoll o|@ xylitole] ABitelA H44 L &9 F4E AT wF=x
A AT F2F R HA 24E wx W §£244Fo|th ol IR
yeastsolAl XR3} XDH7} NAD(P)'/ NAD(P)H redox systemo] ¢}3}o
ethanol 43 xylitol Aol AGF FFE vjA7] "ol F d¥
yeastsE 718 ZAAM xyloseE A9 o] &3 R R3A| 7 A9 yeasts
£  xyloseE® ethanol oY  xylitol2  A@AIFI=H(32), ole
NAD(P)'/NAD(P)H: redox balance ®W&°lth(33). ojdf #7]|F ZddlA
xyloseE ol &3lA £33l AL xylitole] A3}l 2% xylulose2] A Al
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respiratory chainel] ¢j3td A== NADVE R 7=HEd 713 =A0A
NAD'e] Zoo] o3t xyluloseE ethanol® HFA|F|1A] £ 7] d@fFojc}
(34). ©FY yeastl = transhydrogenase @4o] glo} #2ke] NADHE 4t
8tA17121 R38to] hydrogen acceptor®] Zojo) olate] dAl&Ade] Fd gt}
(35). wetr HZo AFA F7] 2 uiet G gHHo s P,
stipitis (24, 33-39), P. tannophilus(2940,41) 2 C shehatae(37,42)=
ethanol 4ol +4& W&, C parapsilosis(2324), C. tropicalis(2343), C.
boidinii(18), C. guilliermondii(19,21) 2 U¥ 9 P. tannophilus (21,44)&
xylitol A4bto] £-8tt}  o]9} o] yeastsol 97 xylitole] AL ALL3}
© TF o wiFA Y F712de me} xylitol®} ethanole] wHHl Aoz Al
4. & P stipitisol e @& §F4%e ZHAA xylitole] A4 glo)
H 9 ethanold A43tE W9, C parapsilosise $& §&4439 =27
|4 ethanol®] A4dglel HAZ xylitold BT + AUTh24). 23y P,
tannophilus®} C. shehataedl M= &&E442%e] W3lol wel ethanold}
xylitol®] B4 FE HA3AH2). ZEG C guilliermondiis A= £&
Aol mE xylitole] $&ol 60~75% 7tA WAL, ol A X
NAD(P)'/NAD(P)H; redox balanceol w2} xylitole] U427} dAlzy e
sty B 7] d@Eoltk. Xylitol& NADMP) 9] & sl A xylulose2 A
¥ Fo| pentose phosphate pathwayE E3std oAl Ho] cell
maintenance, cell growth ¥ ethanol Ao o] &57] g Fo|c}(21). ©F
1} methylotrophic yeast?) C boidinii®) 7ol xylose®t &7 methanol &
B7hstd xylitole) $&0] F7hstd Hol 90% 71 AY™(8), Nishio
T(NL C pelliculosa®t hydrogenase 2 Fuo NADP' oxidoreductase’} &
Ast= Methanobacterium sp. & FAol AAA 100%9 xylitol 8%
dE F ARNAT 71EF A A%Ho2 NADP'E H7lsteE A He] 9l



=3

Yeastsoll 98t xylitol?] A4tolA T2 F 23 825 hemicellulose
o 7t ABode F2& FAHAYEQ D-xylose #7 ofd D-glucose,
D-mannose, D-galactose, L-arabinose, L-rhamnose ¥ cellobiose7t €& %
o2 EAPH(4546). old R E xyloseE LAEAIZ F YT yeastS L
xylose® &) 3ol A xyloseo wAte]l BAEY XR3 XDH7F S =5 g
(47,48), €A tAtE + A& D-glucosed &4 3tllA C utilis(49), C
shehatae (45), P. stipitis(45) R P. tannophilus(50) S9lAl+ catabolite
repression®l 93ty XR ¥ XDH A4o] Adadue Eust Yuksl).
53 P stipitis} P. tannophilusdld ¥ D-glucose ¥®% o]lysg}
D-mannose®t WAIE A ¥+ D-glucose XM 2-deoxy-D-glucosedl €]
M= XR¥} XDHO Aol AAdch4851). old P. stipitisdl A&
D-glucosedl 2l& XR 2 XDHS A4 A7 7b3 2A deiwd. wd
P. tannophilus°l| A= D-glucose® D-mannosed] 9% XR 2 XDHe A A
AA A7t A9 FAERR oW, XDHS AAGAZ XREYD o A ey
o0} 2-deoxy-D-glucosedl &A= XDHE AJAdojaligte] }ebtch4g).
@2tM XR3#% XDHO 4 & A% RAAEL M2 de& z4d7)3d 93}
o $HHE Rez FF3tn AU

A HMAZ T2 24E S xylitol A FFE o] &3 APAHQY
xylitol& A1st7] faiMe T L Y H71ES 482 o)fof @t
ojwf ol2g YREY A ZhFEs EHE yeastsd AT VHIPYL
AA e B 54 EFEo] EAW. gy 4FHA xylitold] HAH
A YL AMME hemicellulosed| A 7R a0 sl H4HE 54 =
ol AYAPE ze AR FF9 Mol gasith(52). AAE Chen 5(53)
& TF9 WHolgt HWEIAYE T UL Candida sp. B-228 o| & ¢



hemicellulose®] A+ 7h&8 SHo2HE 919%e €2 968 g/Le
xylitol& 96A12F wiFoll oat] AYA3FAL S Busgd. £ Meyral 5
@D C guilliermondiidl 1% xylitol®] Aol g ATeNA  xylitol®]
Aol Fx7l(lag time) o] BAE 7 ARste A wlx Wz BuEHs
2 w2 Fe2 HU 221 g/l 7R YUY L 2P, £ o] FF9
FEol & o]&AXE D-glucose, D-mannose ¥ D-galactose?}t xylose
Hoh o] w2 o] & 5003 hexosest WEdE polyols® AEE A
FEol ethanol2 A YL L-arabinose 0] arabitol2 HEFH AT 4
4 &2 A% Fge ol 2} waAN C guilliermondiie o1&
xylitol®] AN E HAEZ ethanol® arabitol?ro] A=Y, A
ethanolZ THE &Y nZAo MEAZ S 93l gL P08 o] &3]
= g

o2 HIde M2 Saccharomyces cerevisiaeE ©ol4§ xylitol9)
Ao i@ QA77E e o]FodX: k. ol& S cerevisiaeZt XR#H
XDHS Zoel 9t xyloseE RHEAFIA Z3AW(B4), S. cerevisiges
xyloseE W EAFIE= & yeasts B} hemicellulose?] 4} 715838 AHEq)
EMste A3 A 54 £dd dg HAFPAol agBE). HIFY S
cerevisigzex A2 2 AY 712 AT ®ol o]FoA Yol vector
R transformation W Fol #{PH Jon, TJ ol AxF S
cerevisizelX] XR gene®l W#Eo] Wiyt B 1t JHE55657). E3
Calsen et al.(58)° 2}3l8 XR gened A/ AZY S cerevisiaes XDH
gene°] EA3tA] Yo} BAH xylitole] EEHZ 7] wFE 100%9
xylitol $€& 48 & Jddx Busyde. a2y A2 S cerevisiaed]
AMEF XRY cofactordd] NAD(P)HY 8% 3l te g429de &4 A
7bstejof @oh. ol Flte @AY wigz el wal xylitole] AYAHA



b

°of qEA dgdd. F FrIZysY HEH 2adA giagde
glucose, ethanol.‘;‘! acetateE xylose®} @4 Hrisle 9o ATAGED
olyel 100%2 F&Z xylitol Aol 7Fsdtt. a3y ¥ xylitold] A
444 R glucosed A L +£8&& A7l AMME two phase vi%o] of
¥+ 783, F glucose WAl Fr|ZPoZ nFETo HEE de o
& xyloseE #H71std #71H =AM ulRsA xylosedl W xylitole] 4
&< A9 100% ©li glucosedl st xylitole] &S 22 g/g-glicoseo] ™
AAAEL 126 g/L-hroln v G2 012 g/g-hr2 C guilliermondii (26)
B o tths H3rb JoHGR). o9k ol FalAg xylito]l AJAke]
daMe ANE R £ FHE AT FFNE FEFH gy AF
7b @23A olFoxx . agY FudlNE B (B9 dsd EQ
oA ¥els Candida sp. BT0019 xylose reductaseE ©]4% xylitol A4t
%} 2 S(59)°] Candida parapsilosisol 9% xylitol Y2tz 2 3}
H Bart don, H2 Be Jd77 AgsHa g,

g2ty goz HFE L drgoR 87 §FF xylitole tiFAPMNE
Aot B F&F AP oE w4 L YAk MIIE2RE xylitolS Ak
g Ae TF/ALo] "Wasdittn & + Utk Hemicellulosed] 7H¢#3
AEdde F8 TANELZ xylose?t 40% HFX EAsAL 2 o]
glucose ¥ tHE hexoses®t pentoses® EA Tt o] 2§ hemicellulose 7}
FEH 4SS 98Z 39 xylitol& AAE7] YHME AHEEFF XR A
o] glucosed 9% catabolite repressione Wz gowi XDH/}F AH®
WoldF o] sige] 2 7EY. ¥ AFAME Candida sp.g °| €8 xylose
2 FE xylitold] YAE R F£E&& FHAI A FFAEH wix) 2

FzAe dFd A7E TP



A28 A+ As 2 ¥y

1. 4845

7t A% 2 AEEF

D-xylose 52 =& 33 ethyl methane sulfonate (EMS), lyticase, R
2-mercaptoethanol2 Sigma(US.A)Al AlF & o] 833, yeast extract,
bacto peptone ¥ agart Difcorl A FE ol 48t 2 99 BE AgE
& &3 9 193¢ oj&sid. B dFAME Candida guilliermondii
ATCC6260, Candida parapsilosis ATCC22019, Candida tropicalis
ATCC20336, ATCC 0750, ATCC13803¢ Y I3 AF22HE Y o}
o] &3t At

Y. A g gIxd

HEL @F wiY%S Table 19] #Wlx] 50 mL& 250 mL 42 flaskol @
32 EFE Fol F& FFshe 30CTAA 48 A F< 150 pmes I
st ARR3th Xylitol dehydrogenase (XDH) defective mutant$]
W& Table 1914 xylose Al glucoseE AMgatdc. RE i 2
EE A% HFE 59 & 5%(vwv)E #YUd. Catabolite repressiono]
e A& Table 29 wiAl 200 mLE 500 mL 42} flasks]l ¥z 27
Fo 30CAA 150 rpme 2 g uigsigch. ZE wizle BF FANA
xylose®} (NH9):SOs= HE2 FFs9 E&Fd.  Xylitol A4S 4§
Ha vl Table 39 wiAod] Zg F7istd ARk, A" wjF7)
o]§ xylitol EE 10~100 g/Lo ZFo] Xdd LAwIA 200 mLE 500

...57..



mL 427 flasko]l ¥ 30TAA 150 rpme2 wU3dct. LEAXE olf
# xylitol ¥&E 10~100 g/L <ol Eggd wHEuR 15 L& 25 L
fermentor (KFC, Korea)d] %1 30TelA 03 vwme 2 F7]332 250 rpm

o2 wytadAM A4YgE £y

Table 1. The medium composition for inoculum.

Compounds Composition (g/L)
D-Xylose 20
Yeast extract 10
KH2POq 15
MgSQ, - 7TH20 04
(NH4)2S04 2

Table 2. The medium composition for the experiment

of catabolite repression.

Compounds Composition (g/L)
D-Glucose S
D-Xylose 5
Yeast extract 2
KH2POq 5
MgSQs4 -+ TH20 04
(NH4)2S04 2




Table 3. The composition of fermentation medium.

Compounds Composition (g/L)
Yeast extract 10
KH2PO4 15
MgSO, + 7TH0 04
(NH4)2SO4 2

2. 438 39

7}. Wild type® mutants ¥ 3 9] enzyme activity &3

Table 39 WA ZgoA &arYe2 10 g/l glucose?t HE7tE wiz], 10
g/L xylose’t #7t€d wiA|, 5 g/L glucose®t 5 g/l xyloseZ} §7 79
EduiAlol Candida sp.9] wild type3} catabolite derepressed mutants-&
30T, 250 rpme 2 wigd F viFAE it AEHY R FFS BAE
31 XR¢ XDHeY #A4E& 2AH¥o=2AM Candida sp.® wild typed
catabolite derepressed mutants®] E4& w3},

Y. Candida sp.9] xylitol ¥ 254 AF

Candida sp. 5 €9 xylitol 358 X HAEHS Yoty 43 A
gd& Pttt 50 g/l xyloseZt &€ wWE M 25 g/L xyloses}t 25
g/L glucose7t X8 EFMAE o] &3 flask HlBolA wjFAZto)] upa
M X3, xylitol X ethanol Ao e BEEH S Lopu i,
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. Xylitol 443E 9|¢& WA 43

Candida sp.9l 9| & xylitol E#ANA HAF wix] HAHS $1stef 7]
& AFAE< Dahiya 5(60), Horitsu $(43), Onishi $(15)0] 4 ¥ g uj=|
Z43% dF F2AE H8AA flaskel A sl FHAAM xylitol B2 S vl
FozA HHGE A AFL A AFE F93A

2. $71xA9] xylitol Ao} vl = 9§

Xylitol S EH}AANA 713 T2 HIFRDL F712H0|th(32-35). o
2}A Candida sp.®] xylitol @A} PN F71Z2A9 YL HES7 Y3
of aZAM g 250rpme 2 FAEn F71E 01, 02, 03, 07, 1.0,
20 vvme 2 FIFAIZIBA xylitol AAAte] tid F719 4842 A 73U

ol. EdWo] fx 2 5 ¥olFF9 MW

Candida sp.2.2 H¥ spores& 971 A&siA ER FFE YPD uiA
(Table 4)ollX 18AI3t w4 F prespore BAJH)A] plates (Table 5ol &=
Bt 30T HHF7IolA 24X wigsidek.  ©]& Al spore A uIR
plates (Table 6)oll =%& < 30C wiF7|dA 443 wiLgd £ 4C Y32
o @& JtF RusAdct. ®ole §x % XDH defective mutant?] 49
< & dFHdA AgsE WY6G16222 F£PHAYG. F Eddols
ethylmethane sulfonate (EMS) ¥®+& N-methyl-N’-nitro-N-nitrosoguanidine
(NTQ)E A23d F=3tddt. WEe 94 3 &3t 233 spore FAui=]
platesol A Z A& BEFTHFTE F£Hs9 10 mM 2—mercaptoethanol°l]/‘1. 30
22 MY F 05 m/L Iyticase (100000 unit) WEAol 443 F 93
Al A spores& FEI}UY. A7ldl 3% (w/v)el EMS & 08% (w/v)9
NTGE A3t Zzte] AR FF7F 99% o449 Al &S Jeluis A



H5 ot Mol H X381 5% .sodium thiosulfate® H7tste] Edo] vEE
F@ A7tk Catabolite derepressed mutant®] M@e ted 2o, W
017} # =¥ spore® BEH YL non-fermentable Z;det'zxy—b—glucose7} a1

Wol@dF AEujx] (2-deoxy-D-glucose l%;- xylose 2%, yeast nitrogen
base 0.7%, agar 2%)° =23 6U4Z 30C wid7|oA wFatdct. AR
o] ¢ F&J colony®E AET F U Adisigsto ‘&@QI‘A\Z{C}. <t
Ratg Mol FFEL 5 g/l glucosest 5 g/L xyloseZ7t &H@ vl Gl =] ol A
wjFsted glucosest xylose2 FAlol ol &dte ¢4 WolZFE HYsA
t}. XDH defective mutant®] A& o3 o} wWol7t X ¥ spores
o] F=9] 2 YPD plates (20 g/L9] agar’t ¥3% ¥ Table 49 #jx])d] =%
8ted 30T wi¥7iolAd 697 wikst ek YPD platesei Al 4§ colonies
2 #Y 22922 xyloseZt A3 YNB plates (Table 7)ol picking Al
A 30TAA 64z sk 13¥ 22 YPD plated] X colony ¥4l
F5 ¢ WA YNB platedl X colony FAe] HA ¥AY £E ¢ o0
A gA=EE AL AEsgd. 1oz M Ho|dFE 25 g/l
xylose} 25 g/L9| glucose’t @F8 £ i Ful oA wiFat] xylitol
AP E EHsA xylitol &0l +5% AL HFH2Z XDH defective
mutant2 AEHo

Table 4. The composition .of YPD medium.

Compounds Composition (g/L)
D-Glucose 20
Yeast extract 10
Bacto peptone 10
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Table 5. The medium composition for presporulation.

Compounds Composition (g/1)
D-Glucose 100
Yeast extract
Bacto peptone 3
Agar 20

Table 6. The medium composition for spores formation

Compounds Composition (g/L)
D-Glucose 1.0
Yeast extract 25
KCl 18
Sodium acetate 85
Agar 15.0

Table 7. Yeast nitrogen base agar medium (YNB).

Compounds Composition (g/L)
D-Xylose 20
Yeast nitrogen base 7
Agar 20
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ul. Co-substrate®] A

XDH defective mutantol] 2} & xylitolZ A3Atet7] sl E XRY QA
S AR ¥+ co-substrate7t BL3tth. wWalA co-substrateE A st
7l A Hd¥E FP&Uct. Co-substrate2 Al fructose, galactose,
mannose, maltose, ethanol, sorbitol, sucrose, cellobiose, glycerol, hydrol %
2 xylose®t &2 10 E& 20 g/LY A7t F flask MYE FP8tq
=9 xylitold] A Aol g

A}. XDH defective mutant 254 AF

XDH defective mutant& 9] xylitol J4ts8 L YAEL L Yoty ¢
& APS FIFAD. 10 EE 20 g/l xyloseZt T3g wEMIX9} 25 g/I.
xylose?t 25 g/L glucose’t X3t EJu|X & o] && flask MBI wjF
Altel me AMEAFF 2 xylitol Aol A SEEHLS AREG. =
¥, A€ XDH defective mutantell o] @ xylitol B4 ¢ 9 A 2az
A &Y A8 4YS P A

oh. &4 §9 7t 8949 xylitol &

Corn cobs®l Age &3 Zo] AP L2F4+ £& 60ClA
AZANZ ¥, 20~40 mesh sieved A3l S5£4 £o] 20~40 mesh =
EE 3%z, Age AY AHg37) Hol 60T oA 24413 o] AxA
A Ao

Lignin AIAE AHAE 4% (w/v) NaOHE A3+ 1, hemicellulose?]
2 R 7IeEAE AHMAME 1% (w/v) HS0.E AMg3tgh. 20~40
mesh?] 54 % 300 mg® 10 mL& FR w2l 4zt 4%(w/v) NaOH
€ A7 ligning AAAD F 1% (w/v) HSO0 #A7bstd 100C



water-batholl A} @493 A2t F<¢F incubation A2} ¥, Watman filter paper
Nol& °l&3t4q filtration 3t @A & 7h+Ee] &AL xylitol TE
ALg T ol9t 2 WHor F&d ABE HPLC (Waters)E o] &3}
o xylose$} glucosed] =& ZAs A

A. Flocculent mutant A4 & $]3 EMS Mutagenesis

Alkylating agent2 EdWo] {FLEHQ EMS(Methanesulfonic acid
ethylester)& o] 8% TF/MFrieS LAY EMSE Ad¥x2 A
3t} Al -&(death rate)o] 90% oA F=& AR F, o] =2 XN}
o mutantE #H 3.

z}. Cationic flocculant®] A A3} stock solution A=

Cationic flocculantE& A ¥ o cationic flocculant2AM 7HgA el U+& salt
¢ polymerg A¥3dto RSl &4zt HE & (floccculation)dl Pl 9
FE ZAEACh olwl A8 $ salt: divalent cation] EZHE BY] 94§
CaClz, MgClz, ZnClz, CoClz, NiCl2% monovalent cation®] £ & H7] 93
NaCl, KCI& 1 M stock solution® UYtEo] Al&3tQctt. £& polymers
cationic polyacrylamide copolymer$! Zetagd8, Zetag63, Zetag78, Zetag92
(Allied Colloids Ltd)€ 1 % (w/v) stock solution®® HZ3H1,
chitosanS &4H 3 LA E AsAM 2%(v/v) acetic acid solution®] 1% (w/v)
7t =& 5o B 4Fd AHg3d

7h AE &3 %9 &9

AE ER A5 &AAdl= 30TAA 71& 50mld wigdo) HHEF F==2



flocculantE #7138t & 50 HAFE Ug o 5 87 #Asld &3 o
& A3

Aol B S Bl cellEol A2 JAREAY g2 s BHsE PYy =
A= me Ste o A¥Y, = flocculant® H7F8l7] A9l optical
density (OD)¢t flocculant& #H7bstm UM A&oA H3 sample?) ODE
Blaste] 3 Aol2 cello] sEtgte FAEE ZAHE WPoz HE 3
g7 =& A

€. Flocculation©] ¥ojuyE mutant A4

HollA B2E P mutant® YM agar plated] spreadingdtd A& colonyZ el
M 2 3717t 8 2E 5ml YM vjRI7} E test tubeo] HEste 32Uz wjo}
sttt 39S wiFFE wMGAE 5EN HxPLw AE} vhtel) 7he}
%t A= 2 FFE flocculent mutant2 AdsQct. Ag Uy e te.st
tubeE shakingdt-& @9 wigede] ODS} 58 WAF M ¥} victo) 7t}
g% o F359 ODY o7t 8 AYFE flocculatione] & © RO
2 24344,

3. A {7 224 4N

o2 7} f7] Ar9Qe] cell flocculation xylitol AAkol) vlx= 38
& A3E7] A3td og# e sample® FH|HYTh Yeast Extract
(Difco), Yeast Extract (Z¥3}3}), Yeast Extract (7}g4}Y), Yeast
Extract (Geneco), Yeast Extract (AYHYUBA), Yeast Extract
(Acumedia), Expresa2200 (GistBrocades), Gistex LS ferm powder
(GistBrocades), Yeast Peptone (Biospringer), Meat Peptone (Marcor),
Casitone (Difco), Cotton seed flour (Traders)®] 127}A] sample2 2+z}e)



FFE H4YRI HAHY AFHE YeUE F71244E A

3.8 4%

7. Xylitol 2 3 33

Xylitol @ 22E& 99 ¥ Xt carbohydrate analysis column (Waters,
USA)E o]l83d HPLC (Waters, USA)o|A RI detector2 A3t}
fufe] =4 L& acetonitrile : HoO 7} 8515, flow rate= 2 mL/min® & 3o
AR EE, BAHE A8 ANEE 02 xL9 fiterE ol &3do
filtration3td 4o o] &3t

Y. Cell 5% &3

AXE=E YRS 400pmes 1583 94 Eastyg 4542 AA
3 cellE AT Fol FHFE 13] washing & ¥, spectrophotometer
(UV-1201, Shimadzu, Japan)Z 620 nmolA FF5& &3}

o AgL AF

iFAF ol olgE& FXiE& flame ionization detector® ©]§% gas
chromatography (Hitachi Model 263-30, Japan)2 Z#A 39t} o] o Alg
& column & chromosorb W/AW (60-80 mesh)ol 20% carbowax 20M&
X3 AI A& packing 3% 2 mmX20 m stainless columng o]-&3 %t}
Gas chromatography ] Z 22 injector9} detectord 2% & 250CZ 3¢z
oven 25 & 100CZ 3 4%th  Internal standard AlEH22 2% (v/v)
butanol& A}-&-3t %t}



2. B4 ¥4 (XR, XDH) 23

A8 Fole Id S 94 st Y5AL AASDT celle
% Fol 50 mM potassium phosphate buffer (pH 7.0)2 33] Al ¥3tz
30% 2-mercaptoethanol& 3083t X238 At tA] buffer2 33} A3 3o
sonicator2 cell& H4¢ Fo] A4 ¥ (12,000 rpm, 15 min)dte] & 4
TH4E 2289 (enzyme solution)2.2 &Y. ZE HA LN v
€ 4TAA F335d. XR#} XDHe #4L& tgd ol A&
(6364). XRel ¥A4<L 10M Phosphate buffer (pH 7.0) 1.0 mL, 0.1 M
2-mercaptoethanol 0.2 mL, 4 mM NADPH 02 mL, 48 20 mL& ¥
2 71224 05 M D-xylose 0.2 mL& H7}3t 988 A& F 340 nm
A FBEE FASADL. olwf AL 1 unitE 1£% 1 nmol NADPH7}
da3e 27 $22 FYsigct. XDHS &84S 1.0 M Phosphate buffer
(pH 7.0) 1.0 mL, 0.1 M 2-mercaptoethanol 0.2 mL, 4 mM NAD 0.2 mL,
A28 20 mL& ¥ 71424 05 M D-xylitol 0.2 mL& H7}ste] b
€& AFAY F 340 nmlM FFEE ZFSAD. olwf A 1 unite 1
€% 1 nmol NADH7} A4HE 27l £522 Fosgc. Gl P
BSAE EX&£22 &9 Lowry-Polined(65)°] 23t ZFsgon a9
specific activity unit/mg-protein®. 2 A ¢} s} u}.

4. XR A A 247 229

7. Genomic DNA &4%¥ ¢

EXE HFstd HEE FIF Fol spheroplast buffer2 #EAIZ T}
1.0 mL9] lyticase solution (10 mg/mL)& ¥ 37ColA overnight AlZt}.
Al MIXE 4339 spheroplast buffer2 @€A1zl Fo] TEN bufferst



10% SDS, RNaseE ¥ 37TolAM 24 ¥HgAIZG. HEgE A0
proteinase K& Y11 t}A] 2A13F ¥E-&AlZl Fo) 65CaA 30 23 713t
oA MA3E 4. Phenol/chloroformg ¥ 3 Y4 Esod B&ES
AMA& NaCl® ethanol® ¥ DNAES IHAAIN 1 RAEL §

Herate] TE bufferol =%t

r

o

Y. Genomic DNA digestion .

Genomic DNA 10 pg HX & Sall, EcoRl, Sacl, Xhol& <& o7 7}#
a2 digestiondtd H7|FE3tT gel 42 DNAE ZAF AL o
83t Nytran filter (Scheicher & Schuell)2 transfer A1 Zt}.

t}. Genomic Southern hybridization ¥4

Hybridization solution®] Nytran filter& @1 42| A prehybridization
g ¥ probeE Wi 30CelA 1243t ©]4 hybridization AlZTh o] wj
probe2Z ¥ P. stipitis XR f 3@ 9] Sall-Sall @€ 1 kbe] DNAd “pz
HEA 3t o] &3t

2}. Size-selected genomic library A X

Genomic Southern blot9] ZA 3 hybridization bandE X<l AHPEALE
o] 83l size-selected library& A =354t Genomic DNAE AgEAZ
AE F HNYEE sl I3 P99 gelZ2HE DNAE $289 insert
DNAE &493td . pBluescript KS(+)I plasmid DNAE 9% AR
22 AHEYF ¥ EAHF sizeq] genomic DNAE T4 ligaseE Al{3sld A=
& plasmid& WEAY. E coli IM101& £F 2 electroporatorg o} &34

transformation® 2 24 size-selected partial library & A &34},



v}, Colony hybridizationol] €] % library screening

A Z @ size selected libraryE LB plate (+ Ampicillin + X-gal + IPTG)
of Zto}A white colony®& A#3t master plate® WEUT.  Master
plate®] colonyE<& Nytran filterol &4 filter® *P7t EX® P stipitis
XR #22+9] Sall-Sall ¢HE probe hybridization 3t c}.

v, A#F 2 Ax FA ¢ subcloning.

Positive colony FlA & 7]e] 28& Md3te DNAE oz Ao
o2 JHA APERLE2 HHYP¥ F  Nytan filterdl €2 Southemn
hybridization& ¥ 33t XR H Mzt NEE 2AA3lT coding BHAZ 4
2HE FEE #AdHG.  Coding FHE ¥X¥sie DNA UL
pBluscript KS(+)IIE vector2 o]83ld ligation¥t F E. coli JMI1014l
transformation®t} subcloning 3t ch.

AL XR 34 471449 4

Subcloning¥ DNAE dideoxy W& ol83td Y J714E& AA3
3 Mini prep kit (Promega AHDZ Ft] AA3 DNAZ o]§ automatic
sequencer® TA] & W F7IME S HAs HFAAE U
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A34d A+ 2% 2 13

1. Candida sp.2] xylitol ¥ 854 2 Catabolite
repression©] AAd WoldF Q%

7t. XR 2 XDHe| B4 #%x R JAJZAT

Candida sp.2] XR¥ XDHS A4 #% 2 JAld did 43S Yolu
7l A& glucose®} xyloseZt FAlol A 3= wix|olA AX FFEE
FAA F 71F AN =& ST AIdAN Fig. 20M 9
2ol C guilliermondii® 799 glucoseZ7t @A o] &d Fo xylose’t
o] 8¥E ¢ F UG AT FT XRI} XDHE #FE7]ZF F<toll F3te]
QA A 717 vl F 18AI1ZEl A 2241 ZFALolol YERUYE diauxic kinetic form&
Yetz glon, ol glucosedl i Hoh HAZEE(pn)E 0267 hr'2
A xylosedl W@ Hol MYFEE(pum) 0026 hr' Bk o 108 o &%t
k. 28y C parapsilosis® 7% Fig. 301X 2ol AXAFelA AA
717 YegU R e Ao Hol C guilliermondii Bt} xylose o] 8o tj
3 glucose®| catabolite repressionoll g ggo] Gt L Aoz FAHA
t}. ¥hdH Fig. 4 dA 9}t o) C tropicalis NA = 10 g/L glucosest 10
g/L xyloseZ ¥ 2%%7} 20 g/L2 F7/HIANAEUE glucosed]l Wit Ho
WAZEE(pn)7t 0358 hr'2 . C guilliermondii®} C, parapsilosis Bt} A
&5 o9 EUAth EF glucoseol] 2§ catabolite repressiono] t¥}
¥ dE F TFRY 9 & Aoz g, o9 o) Candida
sp.EoA F3te Aol UXRY EF glucosed] <93t xyloses] o]&o]
catabolite repression® Wtttk ol C utilis(49), C shehatae(45), P.
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stipitis(45), P. tannophilus(50) 2 C. guilliermondii(63)7} glucoseol] ¢} 3}
o xylose ©]&0°] catabolite repressiong We=tie ojo] Bug ZAAet ¥
A3t

Glucose?] HF=AHQ 2-deoxyglucoser glucose®t Zo] AR EA
catabolite repressionol 2]dte] XR#} XDHe #4& AAFcH4852). wed
A 7Y ©$ag9e2 xylose?t H7FE wiAlo} 2-deoxyglucoseE 3713t od
Candida sp.& %33 catabolite repressionol 213t XR3 XDH7F 44
o] ¥z @o} AEFol HAsA R¥ ol ALY Candida sp.9
2-deoxyglucosedl thid 4% AA ¥= 2F L AT 4YHHE Table 89
YEtW A,

AgAa3A C  guilliermondii®s C  tropicalis ATCC 13803 &
catabolite repressiondll 93l XR3} XDH7} H=5X o} AX7 A3
4 9l 2-deoxyglucose®] ¥ Xt 10 g/Lle.n, C parapsilosis® 73$&
2-deoxyglucose ¥ =7} 20 g/LAA MEAgo] &3 AAHL i
C. tropicalis ATCC 203363 ATCC 07502 20 g/L9] 2-deoxyglucose ¥ %
AME MxFFo] 7Hed3tdtt. olal@d AAE glucose®} xylosed] E#ul
Gl A vetd MEAPF 549 ARG FLsAT. 53] P. stipitis CBS
57762 20 g/L9] 2-deoxyglucose®] FZdAMX A XA Aol v UF&HAY
t}. ol AA2 B o glucosed] tidt catabolite repressione TF 9 F
od we oj¢ g2 JeldE ¢ F Ao B1d AR FAEAG
(4851).
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Table 8. Effect of 2-deoxyglucose on cell growth of Candida sp.

on mutant selection medium at 10 days culture.

2-deoxyglucose

(g/L) 0 [251 5 |75 10 | 15 | 20
Strains
C. guilliermondii ATCC 6260 | +++ | + + - - - -
C. parapsilosis ATCC 22019 +44 + + + + + -
C. tropicalis ATCC 20336 +++ | ++ + + + + +
C. tropiaalis ATCC (0750 44+ | ++ | 4 + + + +
C. tropicalis ATCC 13803 +++ |+ + + - - -
P. stipitis CBS 5776 T T N i i R T

* Colony diameter : upper 6mm(+++), 3~5mm(++), under 2mm(+),

no growth(-)
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Sugar Concentration(g/L)
Cell growth(O.D)

0 10 20 30 40 50 60

Culture Time(hr)

Fig. 2. Profiles of cell growth(@), glucose(A), and xylose((])

concentrations during the culture of C. guilliermondii.
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Fig. 3. Profiles of cell growth(@), glucose(A), and xylose([])

concentrations during the culture of C. parapsilosis.
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Fig. 4. Profiles of cell growth(@), glucose(A), and xylose([])

concentrations during the culture of C. tropicalis.
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4. Candida sp.9] xylitol ¥ & 54

Candida sp. 5 €9 xylitol B4 58 R wE 54& dolvy] ¢
APE FPstdtt. HA 50 g/L9 xyloseZt L ¥E 2 HEuIA|E shaking
incubatoroll A flask #¥¥ Z2E Table 99 Yelulieod, T3 wjIAP
o @& MEXAA, xylitol ¥ ethanol Ao g HREAH S Fig. 5~Fig.
79 YeEPR A

AgATANN C guilliermondiis Fig. 5914} Zo] xylitole] AL A
XA vesle 39 wWFAN 7R FrHEH oY xylose %7 10 g/L
olgtoll & xylitol BB the HEAZ] xyloseE ol&3tgct F7 o3t
9] ethanol® 5% wWiYA717 ALHoz MAHYD. @A xylosert
EAste Tl ethanold xylitole A XAAZAS 9% @A goz o|gs
A FE Rez FAHEY., H9 xylitol ¥ 195 g/LZ F&& 0.38
g-xylitol/g-xylose ¢ c}.

Table 9. Cell growth, xylitol and ethanol production of Candida sp.

from 50 g/L xylose fermentation medium.

Strains Cell Growth Ethanol Xylitol ‘Xylito]
0O.D at 620nm| Conc. (g/L) {Conc. (g/L)| Yield (g/g)
C iu’li‘lcl:igrrgzoﬁradii 30.9 23 195 0.38
“ Tee 20t 367 03 308 063
© e Soase 270 04 29.1 054
© ATEC 070 210 04 303 058
c/\ta?gémllgssos 236 09 329 0.61
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C. parapsilosis= Fig. 69149 ol 394 wgA7I7x A XA
xylitol B/do] Wi Heg Frtatd Ao xylitol F=7F 309 g/L7t HAL
o o] FREE xylitol ¥=7 ZA43Qch. ol 3Y YAl xylitol &
< 063 g-xylitol/g-xyloseZ2A Rug ZA#e} Ao {FAIF e A& #
UAMTH24). WA MZAZZL o] YA G xylitolT ethanole @2 Poz
o} &3ty 5 WFAIZI7A A&Hog FislTh

C tropicalis®}. 4 $- = Fig. 7oA B Xo] xylitold] WAL 3Y wlgA 7]
of Hd 329 g/i2A ojme £&& 061 g-xylito/g-xylose o ¥t}
Xylose ¥5% 3Y wjFAl7]o] A2 2% ArEdon, AFXAHFL x7]9
¥ xylose FEA vf$ e utdd xylose ¥ 57 10 g/L o] 32 i}
29 olFHEE AHAEY AAE:st FtelAd. £ MNEY AL
xylose7t 25 229 o]Fel= HA € xylitol# ethanold o] &3t 59 )
AR A4 ARG, 2719 A0 NHBEEE C guilliermondiizh
7t wed, ol 3 ¥=o digd uAol &7 wWFojth(2l). wd C
tropicalisE E& 271 % F2olM HE JFo] dA S wu xylitole] 4
B FFE FToAAM 7M1 S+ Re2 Algdd,

AEHOE C guilliermondiic ¥ 3 ¥ tigh YL 43t
xylosed] o4 £E& o} xylitole) AAo] $4812 £8AT C tropicalise
L F TEAMY HXE AL JAHJURAT XR Ao S5t wig x
7198 & SEZ2 xylosed xylitol2 HA#AA Pa4go] 046 g/L-hr2 FF
E FAAM 73 =%t ¥ C parapsilosise C guilliermondii®y C
tropicalis®] 334 B4 JehANIY. E@ ethanole C guilliermondiiol
A Hof 23 g/L7t BAEUA oY b8 FF A E ethanold] Ao »l$ B3t
tt. © T4 ethanol& xylose?t B ARE o|F o) xylitol®} o}tz FF
o] 4BE AT dAYoR o&HAY. g FFEL ZF XRY @A ol
XDH Ht} uf¢ fov YAHH xylitolo] {A wix] W 2ulgL A<t
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Fig. 5. Profiles of cell growth(@), xylose([]), xylitol(ll),
and ethanol(V) concentrations during the culture

of C. guilliermondii.
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Fig. 6. Profiles of cell growth(@), xylose([]), xylitol(I),
and ethanol(V) concentrations during the culture

of C. parapsilosis.
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Fig. 7. Profiles of cell growth(@), xylose((]), xylitol(IW),

and ethanol(V) concentrations during the culture

of C. tropicalis.
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Glucosedl 2] & catabolite repression®| xylitol Aol v+ 43 3
E37] Y9t 25 g/Lel glucose®t 25 g/LY D-xylose?} ¥%d R uiR
& flask WH%¥% Z3} Table 103 Fig. 8~Fig. 109] Jeluligict, Ag2aAx
Table 100]4 HEo] EFFAME glucose’t 1 ¥iFAII]e] BRF 425
WA ethanolo] AN xylitol B9 &2 AvrHOZ xyloset S
o] 8¢ wiRANA B wokrt

TFE wE EFINAMY LEAENE BH C guilliermondii® 3%
Fig. 8ol4 BXo] MEAZL wiY 44974 AE=HUT. Ethanold] A4S
19 wiF Alell 7.1 g/L7F 8 ol %ol A dAF & A& ol &
F7} xylose25-E1 9] ethanol Aol v]$ ¥dA] £ YA E ethanold &
2902 oA og3r] gEoz Algsdd.  Xylitole] A4FE glucoseZt
BEF 4A29 19 ¥iF olFFE ANHT ANFAY 59U wiFAzld H
62 g/LE +8& 025 g-xylitol/g-xylose2A o}¢ it E{ 59 uj
AZ174A xylose® EF A2RHA XA ol AAE ethanolo] 4%
xylose2] uptake’} HAHAUAA Fx= XRe #§4 R A o] ethanold] ¢
sld A7 dEoz Alsdn. A3 C guilliermondiis glucosed)
o] 3t catabolite repressionol] v}$ WZF FFolng ujg 7o XRY @
Aol AAEI glucose’t EF ARE o]F o ethanolol ol XRe| @4
5 AA AV LA xylitol o] ol¢ 3E& Reg As€Ed. w
2tA C guilliermondii® 73 %+ catabolite derepressed mutant #3 ¢} 7j
wo] g 7EY,
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Table 10. Cell growth, xylitol and ethanol production of Candida
sp. from 25 g/l glucose and 25 g/L xylose fermentation

medium.

S Cell Growth Ethanol Xylitol Xylitol
trains
0.D at 620nm {Conc. {(g/L){Conc. (g/L)|Yield (g/g)
C. guilliermondii
28.3 7.8 6.2 0.25
ATCC 6260
C. parapsilosis
367 94 119 0.49
ATCC 22019
C. tropiaalis
304 8.1 153 0.55
ATCC 20336
C. tropicalis
32.2 76 79 0.29
ATCC Q750
C. tropicalis
28.2 104 109 0.39
ATCC 13803
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Fig. 8. Profiles of cell growth(@), glucose(A), xylose((]),
xylitol(lll), and ethanol(V) concentrations during

the culture of C. guilliermondii.
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C. parapsilosisE Fig. 99 2ol AXAZL 54 uwiFAZ17tA] A&He
2 F7tsg ey ethanole] M4 glucose?t €83 228E 19 WIA
71el Adigg Jvebd ¥ ojd 39R/7A 4AE & FAHRDIL xylose
7t A9 2F ARHE WY 3Y ol FRHE F2dHAth EF xylitol] 4
4e 29 WA ZIZEA Fobste] ¢ 112 g/le]l g€ Fol Ao A
#e FRBYLey olhe] 88 049 g-xylito/g-xylose 1}t wWahA
C. parapsilosis®] E@ 3] dig CREHLS BFE 27]dE glucoseE o} &
ste] AE423} ethanolo] AYHAWA SN Y¥ xyloses xylitol ¥
g8ud. & C parapsilosisy C guilliermondii B gl(xcose-‘—’% catabolite
repressiond] g Aol A7l WEd HREZE7HNE xylose?t xylitolZ &
g5t a8y xylose ¥E7F 5 g/l ol HiE ulY 2dARHE
xylitol A X FEHIL xyloseE U MEAZE #3d o8 A&
g F ARG 2T WY 3Y olFFEHE BAYE ethanold BALYOZ o
&3t AR E A&t

C tropicalist Fig. 10014 B.Xo] &332 WHEYo] C parapsilosis
& ARSI @A xyloseZt 29 wiFAIZI7tA] A RF ARFHPYOH,
oldle] xylitl 44L& 153 g/LE +&& 055 g-xylitol/g-xylose °IATh.
MEZEE C tropicalisdl A Bol 25 2R o]¥o ethanoldt A<}
xylitole ©4¥02 ol&3tq AFE A&Hses SAo glov, =%
glucose®] catabolite repression®l C. guilliermondii Bttt WA &%
k. AEAHLOZ xylose G5 wjA AU glucose} xylosed] EFINA C
parapsilosis®} C. tropicalis?} xylitol Aol @ & 2 AAAAA &4
¢ FF2 wHEHAYG. 2y o] FFES Fol did el ¥a Fol
2% 228 ol¥oE xylitol ¥ ethanol® @A 922 ol &3t AXTHFE
A&ste dyol vk wA HrZAE HA3) sE xylitold] F&3 4
A4E 9 g4 + UAE e JldEd.
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Fig. 9. Profiles of cell growth(@), glucose(A), xylose(L D),
xylitol(lll), and ethanol(V) concentrations during

the culture of C. parapsilosis.
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Fig. 10. Profiles of cell growth(@), glucose(A), xylose([]),
xylitol(ll}), and ethanol(V) concentrations during
the culture of C. tropicalis.
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t}. Catabolite derepressed mutant 43

Hemicellulose®] 7t A2 8 FAH4HEYU D-xylose B o}
yg}l D-glucose, D-mannose, D-galactose, L-arabinose, L-rhamnose %
cellobiose’t &332 oz EA#Hc(4546). ©l21 & hemicellulose 7h5=83) 4t
EE& 982 39 xylitole Y337 AAAME AHEde ARFF XR A
A o] glucosed] 2138t catabolite repression® WA e FFe Yol ¥
g3t @@ Candida sp.®] catabolite derepressed mutantE A'¥3}7)
st AA AR FFE haploidde EXE PAPAW Fo mutagend
ethylmethane sulfonate (EMS)E A alsla Wol& A} WolFF+&
FYT @2Uo2 xylose7t H7HE wlAo] 2-deoxyglucoseE kT F7H
ARg £ gde =2 Hubstd Mdsdlsitl.  Catabolite derepressed
mutants2 AEE FFE C guilliermondiiol Xl < 5070, C. parapsilosisol
A ¢ 507 B C tropicalisol A o 15070 A& FEsidt oiW C
tropicalis?l Al mutant7} ®o] E2d AL o FF7+ 20 g/LY
2-deoxyglucose &4 #oME FY SL2U2E xyloseq ©]&3tdq AXA
o] 7be7] wEoltt (Table 8). H¥¥ mutants #FS& 5 g/LY
glucoses} 5 g/L9 xylose’t E¥ZFo2 A3t WY wixlo] HF o
shaking incubatorol Al 12A17F vl Fo] M X AR glucose ¥ xylose ¥
EE 2389 MXAFo] 4381 glucosest xyloseE: BEF & ol &3:
TFE 12 oz Hdsdd. 1z Adg Ho] FFE9 glucoses}
xylose®] ©| 4 patterns® ZAA% HFHoz Z+ FFEA W B ¢
43 catabolite derepressed mutantsE A5 o9, o] S0 3} EF I
o]-§ pattern& Fig. 11~Fig. 139 Yehid e},

C. guilliermondii® catabolite derepressed mutantg! GM-17¢90 A $-
Fig. 11914 B %o} wjekA ol ule}l glucosest xylose7t FAlol o] &34



. & glucoset 18 Al¢olUle] ¥ AR oo, xyloses vlY 30412
of EF AwxEUct ¥k Fig. 204 B Xo] wild typedl Al = xylose’} 56
A o Fd 2F ARHAY. E3 wild typedl A JEGE diauxic
form2] growth patternT: 1ol . WA GM-172 glucose A 3loll A
T XR¥ XDH7F frES<E catabolite derepressed mutant 9 & &UE
AdATt.  C parapsilosiss glucose2] catabolite repressiono] W3t C
guilliermondii 2ot ¥ Rz wekA Fig. 120414 B X0 C
parapsilosis®] catabolite derepressed mutants?l PM-34+ Fig. 39 wild
typedl M &} Hl& 8 glucose] ol && =& % =2 HlA xylosed ol
£45%E o o #wAHY. ol PM-349 A% glucose £ dtollM XR
7} XDHe Aol wild-type Rt t] F718td xylosed] °l&o] o %R
71 o2 Algdut. C tropicalis® mutantd! TM-1179] 7 $+& Fig.
13914 ¥.%0°] Fig. 49 wild type®t & zo] glo]l &R glucosed] ol & &%
o Zasdd. ole C tropicalis wild typedl A& glucose®] catabolite
repression®l 2] ¥ XR¥ XDHS A4 A7 2A] 7] o Atgdrh
w2t A glucoseol] 2% catabolite repression®] did o &43 HEE ¢
3] glucosed] & &tollA wigd dFE9 XR3} XDHE A4 d
& ATE Ty
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Fig. 11. Profiles of cell growth(@), glucose(A), and xylose([])

concentrations during the culture of GM-17.
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Fig. 12. Profiles of cell growth(@), glucose(A), and xylose([])

concentrations during the culture of PM-34.
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Fig. 13. Profiles of cell growth(@), glucose(A), and xylose([(])

concentrations during the culture of TM-117.
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2}. Catabolite derepressed mutant®] XR ¥ XDH &4

Catabolite derepressed mutantsel] 3 #<UAE 43t glucose ®iA,
xylose H1Z] R glucose®t xylose2l EZulA|olA wild type®} mutantsE
WlFstd XR3} XDHY E4£8A4E ZF33Jd. = Table 19 s x4
A garde2 10 g/L9 glucose?t H7H" viA], 10 g/L 9 xylose?t H7l€
uiz], 5 g/L9] glucosest 5 g/L9 xyloseZt ¥ H7td EFujA
Candida sp.8] wild types® catabolite derepressed mutants® ul%g3to
XR3 XDHS #4& 848 FA8Ad. A¥AANM C guilliermondii s
mutantl! GM-17¢] 7 ¢ glucose HiAoA 20A1F wjF Ale] XRe
specific activity”} 1,670 unit/mg-protein2 2 wild type® 200 unit/mg &
t} 8u) o Eten XDHY specific activity:s wild type 2.t} 68 o] A
e}t tH(Table 11).

olg]¥g ZIEZ mutant GM-17& catabolite derepressed mutantyd 2 91
g & UG, EF xylose}t glucose2] EFZolA wild typedd 7%l
XR3 XDHS| specific activity7b 10A13k% 20A13F whFAl 7o) 2h2h 1,333%%
2,000 unit/mgl Z glucose?} 2F ARH FE enzymes? specific
activities7t &4 F7Hg€ YA d. 224 mutant GM-172 &3l
M= XR9 specific activityZl ¥l 10A1t3 2041t AM 2+ 4,335}
4,665 units/mgo2 A9 FTYHAY, HAAH o2 wild type EY enzymes
9] specific activities?} ¥A YElxtth. ol { @q]*ivmutant GM-179
7% glucoseol 28} catabolite repression®] sz %¥E  catabolite
derepressed mutantsg & #A& 4 %1029 hemicellulose 7} E8 AHE
oA xylitol HEE F83IH xylitole] JAAAFe] 48 Aoz Hgdnt

C. parapsilosis®} mutant$]l PM-34¢] 73 % (Table 13) glucose Hjx]<
A XR3} XDH9 specific' activities7} Zt2t 1,108% 135 unit/mgl. & wild
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Table 11. Specific enzyme activity of C. guilliermondii and mutant

PM-34 in various carbon sources.

Specific enzyme activity
Cell OD Residual :

(at 620nm) (g/L) unitme)
at m sugar
Carbon source gar te . XR XDH
Wild Wild Wild |{GM-| Wild |GM~-
GM~17 GM-17
type type type | 17 { type | 17
Glucose
6.3 56 0.7 50 200 [1,670] 230 | 868
(after 20hr)
Xylose
8.7 6.4 2.1 30 4,443 15,110] 490 | 600.
(after 20hr)
Xylose +Glucose G:0|G 40
73 39 1,333 {4335} 333 | 935
(after 10hr) X: 42| X: 38
Xylose + Glucose G:0/G 30
9.8 6.0 2,000 14,665 650 11565
(after 20hr) X: 241X 23
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Table 13. Specific enzyme activity of C. parapsilosis and mutant

PM-34 in various carbon sources.

Cell O.D

Residual

Specific enzyme activity

(unit/mg)
(at 620nm) sugar (g/L)
Carbon source XR XDH
Wild Wwild Wild { PM- | Wild |PM-
PM-34 PM-34
type type type | 34 |[type| 34
Glucose
6.4 87 0 0.2 332 11,108] 38 [ 135
(after 20hr)
Xylose
6.5 6.9 2.2 16 1,703 (4,300 | 155 | 440
(after 20hr)
Xylose + Glucose G 0]G 30
5.7 6.1 613 [1,682| 38 | 327
(after 10hr) X: 46 | X: 4.1
Xylose + Glucose G 0/G 20
7.0 7.0 826 (2485 56 | 309
(after 20hr) X: 26 | X: 30




type®] 332¢ 38 unit/mgRth ¥A Uelwdth. ol9} o] glucose iR of
A mutant PM-349] enzyme activities7} Z7}3 R & catabolite repression
o] RAX7I HEL2 Alsdd. EFFANAME mutant PM-347F wild type
B} enzyme activity?t EA YERRA Y xylose Wi BgtE,
ol glucoseol 2§ catabolite repression©] $A3] A A== g7} GE o
2 Aedd 2% EPIFIAM mutant PM-3491 Z 9ol XR9 specific
activity= WG AIZte] F7tol whe} 16829014 2485 unit/mglE F7hste A
g Jepd ¥hE, XDHS specific activity® 28 ZA3dch @by
mutant PM-34% glucoseo] 9] % catabolite repressione] Y¥-gto] A=
g Roz FAHHA

C. tropicalis ATCC203367 mutant?! TM-642] XR3} XDHe| specific
activity 3ol mutant TM-642] enzyme activity7} wild type B2t} £ A
vetwton, EFFAME XRY specific activity= 1,3987 1,685 unit/mgo.
2 xylose viAolA e 1011 unit/mg RUOE A Jeldr olxnez
mutant TM-64% catabolite derepressed mutanty & ¥¢ & 4 oy
e IF94E ©2A glucose BiRIA XR3#} XDHO specific activity7}
xylose Wiz EjFe] wfAle] A B} gA JeEldch(Table 14). ol& ¥
ol = HAFAA glucosed °]-&3E FHR ] &4ol B glucose A
g0l =2AA @ Aoz gt



Table 14. Specific enzyme activity of C. tropicalis ATCC20336 and

mutant TM-64 in various carbon sources.

Specific enzyme activi
Cell O.D Residual | "o (uning) ty
Carbon source (at 620nm) sugar (g/L) XR XDH
Wwild Wwild Wild | TM-| Wild {TM-
type v type ™64 tvpe | 64 |tvpe | 64
Glucose
(after 20hr) 74 30 0.1 83 145 (2,634 57 | 540
Xylose
(after 200ty | 68 | 69 | 31 | 66 |1647|1011) 132 | 102
G 0|G 50
Xylose + Glucose 55 40 205 |1308| 48 | 145
(after 10hr) X: 44 | X: 45
G 0|G: 36
Xylose + Glucose
fter 200 | 70| T2 T og [xean | o MR P

A&2o2 XR# XDHY specific activities®] A& Fdld M 3§ o
TF Eo] catabolite derepressed mutantd € #HAF &£ AJT. £33
enzyme FFAA T & o catabolite derepressed mutant:= hemicellulose

b g AHEE ol& 7 xylitol R AT £ US ALz vlddn



v}, Catabolite derepressed mutanto] 93 xylitol 2 &

Add 4 HolFdFA GM-17 ¥ PM-34¢t Z+ztel wild typeg
xylose #1Z19} glucose-xylose®] &E3F wjAloll A vidstHAA xylitol AF4k
& vlustya. G guilliermondii®t Wold#F GM-179] A$ 50 g/L
xylose #iZ oA xylitol®] &3 A4to] Table 1504 HEKo] Hl&& %t

Table 15. Cell growth, xylitol and ethanol production from 50 g/L
xylose by C. guilliermondii, mutant GM~17, C.
parapsilosis and mutant PM-34.

Cell O.D | Ethanol | Xylitol Xylitol P
Strains
(at 620nm)| (g/L) | (g/L) |Yield (g/g)| (g/L-hr)
C. guilliermondii 18.2 1.7 273 0.6 0.28
Mutant GM-17 295 0.21 28.1 0.64 0.29
C. parapsilosis 11.1 1.1 334 0.74 0.35
Mutant PM-34 226 0 333 0.69 0.35

o] Table 139] A48A ZFAHA HXo] xylose WiAIY Z$ wild
typed ¥olFFe XR R XDH AAel Hlx3dA7] WE2z Algdch
olm wild typed] xylitol +&& 065 g-xylitol/g-xylose®4] Roberto %
(66)°] C. guilliermondii FTI200379 23] A& 0.68 g-xylitol/g-xyloses}t
g g Yehddey A4 Bag 054 g/l-hr B0 ¥ ARE



YEtH Y Y. 22y Table 16914 HXo] £3F WX Z 9o HolzdF
Q. GM-179] «xylitol &3 A4tAdol 056 g-xylitol/g-xylose®t 0.09
g/L-hr2A wild type® o 2t FAEHA o™, wild typer Fig. 83 9]
glucoseE WA o] &37] Alzste 12X WAl 2T ALEEHAR
xylose 12713t B FA| €] o] §317] AlAst] Wi 58 A 63 g/L7t 3
E3t9et. 28y catabolite derepressed mutant2l GM-172 Fig. 149 A ¢}
29| glucose®} xyloseE F Ao o] &3}7] Al2sld glucoses 3Y

Table 16. Cell growth, xylitol and ethanol production from 25 g/L
glucose and 25 g/L xylose by C. guilliermondii, mutant
GM-17, C. parapsilosis and mutant PM-34.

Cell O.D | Ethanol | Xylitol | Xylitol P
Strains
(at 620nm) { (g/L) (g/L) | Yield(g/g)| (g/L-hr)
C. guilliermondii 31.7 55 89 0.48 0.07
Mutant GM-17 35 32 11.3 0.56 0.09
C. parapsilosis 64.4 7.6 134 0.46 0.19
Mutant PM-34 56.3 49 15.0 0.52 0.21

25 ARZ3l3 xylosew S5YA 48 g/L7l #E&H I, GM-170] EjG
W xjo| A =&o] FAE T WHFP3Fo] W3 AL Table 129 F484H =



BAHNM BXo]l EFFA GM-179) XR¥ XDH &4 o] wild typerth
¥ glucose #AAAMT XR, XDH #4o] =& catabolite derepressed
mutante}7} MEo2 A5 "t C parapsilosis®} PM-349] A $ 50 g/L
xylose vjR]o} A= Table 15914 B Xo] xylitolel 83 WAL vls3d
fon, olg wild typed &€& Nolleau. S(67)°91 C parapsilosis
ATCC28474% o8] A& F& 0.75 g-xylitol/g-xylose®} $Astd . =28
U xylitol Aol AAM C guilliermondiivt C. parapsilosis| A d&
#< Yahashi 5(68)°] B3¢ 326 g/L-hrol Hx Pabgdn vliwste] of ¢
$& grolth weba AAIAQ) xylitol A4S AAAE 714 wiFolny A
& %S T xylitol BABE FUHAIACH & Heoldh, EEIAAM C
parapsilosis= Fig. 9914 B 59| glucose: vl Y 1Yt Ao 2% AR5
Rew xylosex WYF 195H o] 857 Azsted 3R BZF ALEHY
ok Xylitol A4S vl 3U A0 Ho 134 g/LFey, ojde +=&& 046
g-xylitol/g-xylose ty. C parapsilosis® catabolite derepressed mutant
el PM-34¢ Fig. 1591X 9} o] xyloses} glucoseE FAlol o437 Az
st e glucosed AREE7 34 wWlYg 2R 25 ALL3QY. ©
g xyloser wild typed}t & 3¥A EF A3t .2 ethanol®] A4 o)
19 i Al Adl 49 g/L2 WolArh W] xylitol 44 3Y i A
o Hd 150 g/L7} @ Fol ZAdr] AFsYew, ojwe £gL& 052
g-xylitol/g-xylose2A Z¥ZolA Huigke d& & AU EFDAA
PM-347} wild typeR ™ S48 &3 444& Yehd R Table 139
BXo] E¥FelA PM-349] XRe ¥4o] wild typeRoh A4 JYER7] o
7o Alg g,

o] el Ao A catabolite derepressed mutantl]l GM-17% PM-342] 7
$+ xylose WA AAME xylitol &3 iAol wild typed ¥lxdgoy



glucosest xylosed] E# izl e FA=EAG. =ebA glucosedl] o
catabolite repression®] W& F M A3} XDH defective mutantE
dol xylitolS @AYo 0] &8 F gt FF9 RYo] Basdn, o
ZAFE MLsd EFDOA xylitol &3 AAEE ZA F3AH + A
¢ Ao2 7lY5o] XDH defective mutant 59 7j¥o] i@ A3 E
g3t Aot.
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2. Xylitol 28 x9 A3} XDH defective mutant

a5 A

7b. Xylitol 25 & A# iAo AF

Candida sp.o 2@ xylitol LEWAE HAst7] st Table 170142
2ol 71& AFAEQ Dahiya 5(60), Horitsu %(43), Onishi §(15)°] 48
g oAz Y FALE HA HRAE ol 8dte A¥ S F+yIA
o A48 50 g/LY xylose7t TEE ZZte] wjAE o] &% flask B Yol
Al xylitol A4Hd-& vl atgct.

Table 17.The composition of various media for xylitol fermentation.

Compounds Medium-1{ Medium-2 | Medium-3 | Medium-4 | Medium-5
(g/L) (/L) (g/L) (g/L) (/L)

Yeast extract 5 10 10 1
Casamino acid 4
Urea 10
K2HPO, 1
KH2PO4 1 15 15 1 15
MgSO47H20 05 1 04 05 1
NH4CaHzO: 5
(NH4)2:HPO4 3
(NH4)2504 2 3
CaCl>-H:0 3
NaCl 01
Reference (60) (43) (15)
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C. guilliermondii®} 7% Fig. 163 Table 1804 B Xo] HEAAZLS
medium-3% medium-59A4 $F3AA L, xylitol?] Hdl =9 & H
43L& medium-47t 7t3 ¢4 A9 53] medium-59 F$dlE 5¢
g Aol 3 2F AH3A R3yenz MY ureat xylitol 2R
g A% FrdozA AFEHA R Aoz AGH/UTY  Onishi F(15)0]
AL 3t medium-49] A & xylitol &) 059 g-xylitol/ g-xylose o] A4k
& 030 g/L-hr2 t1& vwjAld vlaeq & g2 Yt =& F4
E2A degx HA AAHHUT. Medium-4ole FAYoE 4 gL
casamino acidg AH83l%<dl casamino acid®] 35%7} NaClo]7] @& o]
mediumell & ¥ 15 g/Le NaClo] X &= Aci(Table 17). o] HjA|oA
xylitol &3 Aitdol F713 A& C guilliermondii7} osmotolerant§t &
Fol7] dFo BL %49 NaCle] &Age2A osmoregulations ¢ 3l
xylitol A4to] F71sl+= Aoz Algdyg.

Table 18. Kinetic parameters of xylitol fermentation in different
medium containing 50 g/L xylose by C. guilliermondii.

Medium Cell OD Fe@enmﬁon Ethanol [Xylitol]| Residual Yo p
(620nm) | Time (hr) | (g/L) | (g/L) | Xylose (g/L)

1 185 120 11 239 86 0.51 | 0.20

2 183 96 1.7 21.0 6.9 0.43 | 0.22

3 21.2 120 1.9 247 4.0 0.48 | 0.21

4 195 96 1.3 28.7 6.5 0.59 | 0.30

5 21.8 120 1.1 176 14.8 043 | 0.15
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C. parapsilosis®t C. tropicalis ATCC203369] 79 medium-2,
medium-3, medium-49i] A xylitol &< dHxFUoyG HIFLS
medium-47} £8 < A2 2 Yelytt (Table 19, Table 20, Fig. 17, Fig.
18). Medium-42 medium-59A & iz} =2 A AEAFdZo] uvf$
Foh. 224 medium-49 B¢ xylitol F&olv Aol tE uix g}
Bl AY 28 F2HAA2Y medium-59 F & ¥ e detly.

Table 19. Kinetic parameters of xylitol fermentation in different

medium containing 50 g/L. xylose by C. parapsilosis.

Medium Cell O.D Ferfnentation Ethanol (Xylitol| Residual Yos | P
(620nm)| Time (hr) | (g/L) | (g/L) | Xylose (g/L)

1 10.1 96 13 20.1 18.2 054 | 0.21

2 16.3 96 19 356 0.2 064 | 0.37

3 172 96 15 35 02 0.63 | 0.37

4 245 96 11 36.1 0 0.65 { 0.38

5 285 120 0 20.7 85 0.44 | 017

Medium-49l A 2+ @5 WREY S BY C guilliermondiie 5Y )
4 Al7HA] xyloseE E2F AR £adon] 49 wY¥ Al xylitol A
o] A7} HAA}(Table 18). EF FAEQ] L wjF 1Yo HAFES
el 39712 dAsA FAEHGI ARSHE F¥E JglUdYG. C
parapsilosis®} C. tropicalise WY 4996 ZE 22 AL glon o] A7)
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o xylitol A= Hdl7l HUth EF IFo] RE 22d Fees H44dd
xylitol# ol &&& ol &3t NEAFE ASsAt

AL A AN C guilliermondii® 73S medium-47} 7H%
AP Aow yolw C parapsilosis C. tropicalis® 7%+ medium-2,
medium-3, medium-47} F& WM E vlEdX|g AAAFo] 2F &
medium-47} o A&t Medium-5lAE B2 U2 urea?t AHEHSIA
4] ureat™ xylitol ZANAN AArYgez HEgsx] R T 3§
medium-42] 3¢ FAAYOR 4 g/l casamino acid7} AMEEHAEd, o=
AEAHQA A LM o FEE AR FidgEd.

Table 20. Kinetic parameters of xylitol fermentation in different

medium containing 50 g/L xylose by C. tropicalis

ATCC20336.
] D P e e e [
1 12.3 120 0.1 30.8 6.8 0.63 | 0.26
2 139 96 1.7 32.6 0.4 0.59 |1 0.34
3 117 96 1.3 34.7 04 0.63 | 0.36
4 19.6 72 1.7 29.8 42 0.58 (041
5 24.4 120 3.2 11.7 33 0.23 10.10

Yos - Xylitol yield (g-xylitol/g-xylose),
P : Volumetric productivity (g/L-hr)
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Y. F71x29] xylitol Ao v &= G

Xylitol &N 713 Fod Iz FJUzt Frizdeld
(32,33,34,35). welX Candida sp.9 xylitol & A 71229 %?J% =i
E37] A3t #waxA 2Z¥E 250 rpml 2 {AdT F71E 01, 02
03, 07, 1.0, 20 vvmeo.g F7HA7I-A xylitol Aol e A7 E 83
Ak, AP A }(Table 21)AA C guilliermondii® A S 7129 =7}
o2t xylitol AL A& F7Hsto 20 vvmelAq 055 g/L-hr2 Hojgg
Yetl A o1 xylitol & F7139] Wigle 2 Jgg Bz PUg. Ho
AEFEE F71%F9 F7H o2t Frhstdch(Fig. 19). 29 olfdA s
0.1 vvmol A€ 120A1F wlFAl 710l 22 g/L9] xylose?} ‘FolAARARE, F7]
Zo F7lo w2l 2o o] & &Ert WA 20 vvmollHE 48413 vl YA
719l 7.0 g/L8l xylosetto]l dob AN EF.F71Fe F7bel wre} BA
2 dEg YAH4E Fasdd

Table 21. Kinetic parameters of xylitol fermentation in 50 g/L

xylose medium by C. guilliermondii.

Aeration |Cell O.D|Fermentation|Ethanol | Xylitol| Residual

rate (vvm)[(620nm)| Time (hr) | (g/L) | (g4’ jaylose(g/L) You | P
0.1 13.2 120 1.0 146 220 0.66 {0.12
0.2 18.2 96 0.6 273 8.2 0.6510.28
0.3 26.8 120 0.6 239 5.3 0.54 10.20
0.7 354 9% 0.1 282 26 0.60 {0.30
1.0 38.3 72 0.2 259 5.2 0.58{0.36
20 495 48 0.2 264 7.0 0.61 {0.55

- 110 -



60 8
=) -
::b =
I 3
8 6 ‘?
40 £
= =
Z :
- -
£30 4 e
=] «
© .
< 20 o
O =
= f 2.2
g10 | -
.g Rv4 %
> e

0 | 1 1 1 0.0
0.0 4 8 1.2 1.6 2.0

Aeration Rate(vvm)
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C. parapsilosis?| X1 = Table 223} Fig. 20014 ¥ Xo| C guilliermondii
¢ B FgE B F Hd AXsxe xylitol AAHLS F7139
F7te} w2t Fotst oy, 29 olg&rr FU|Fe Fite el B
A 20 vwvm M 36AI wlFA7]e] 69 g/l xylose Ttol EA& %t
old}. i} xylitol &2 0.7 vvmolA 0.80 g-xylito/g-xylose ©|x, Hd
xylitol 43L& 2.0 vwvmelA 083 g/L-hr 9o}

Table 22. Kinetic parameters of xylitol fermentation in 50 g/L

xylose medium by C. parapsilosis.

Aeration |Cell O.D| Fermentatio | Ethanol |Xylitol|  Residual

rate (vvm) | (620nm)|n Time (h)| @/L) | /L) |xytoset@n)| 7| ©
0.1 10.8 120 0.8 330 48 0.71 | 0.28
0.2 111 120 0.4 334 7.1 0.74 | 0.35
03 194 96 0.1 334 0.3 0.67 [0.35
0.7 15.0 96 0.2 376 35 0.80 | 0.52
1.0 21.2 48 0.2 30.2 7.2 0.71 1 0.63
20 249 36 0 29.7 6.9 0.69 | 0.83

Yus @ Xylitol yield(g-xylitol/g-xylose),
P : Volumetric productivity (g/L-hr)
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T 739 HIXAYZLE xylose?t EF 232 d Fo] MHE daEe
xylitol g ©]-83tq ALHAJY. F712F9 F7kl @t xylitol 782 A9
Ao AAAEL Frtstged dE& dFAEC] Eng 03 vvmd
250 rpme) agitation ®T ¥ EIZANME xylitol 587 A4l 7
a2%dE WEAE e AYS Yetid624). <18 s ZF& xylitol 4
dol MEAZZ APHoz A= Yol 7139 Frlol gy HxA
Zol £AHo B Age FE ol§F22 M xylitol +&L& AAHA &
Ag WE QA4S Frld Aoz Alsddy. £ F7]9 FUhE sugar
transport& %313} xylose reductased] activity® ZF7HAA o224 AAA
of FAHAAGT & + JYo6). F TFE vlag A C parapsilosis?}
xylitol B4t o ¢5¢& FFYL ¢ + AU

t}. Co-substrated] 449

XDH defective mutantel] 2@ xylitol Z2EE AHN= FF9 HATHYZ
# oz diA} € NAD(P)'9] regeneration® $ % co-substrate7} ¥ 83
9. g7y AHE3t1AEE co-substratet Candida sp.olAl XR ##zte
HHEE AASA Yolok k. Glucosed 9ldtd XR3 XDHOl 2do)
catabolite repression® %2 %+ catabolite derepressed mutantE A1 3}
QA g, glucosed] & catabolite repressionS W2 &+ @¥3 Mol
FE A= R3dd. "FA glucose 19l Candida sp.7b @4 2 o
U Yoz olgo] sHg3dtdA XRe 2L AR &E co-substrated)
Al g AYE F3Y3At.  Co-substrate2A £ fructose, galactose,
mannose, maltose, ethanol, sorbitol, sucrose ¥ celluloseE $AdH o2
Bt 49L& 10 g/L9 xylose$t z}2+9] co-substrate 10 g/LE H7t &
EF WA E ol 83ty flask MFE FP& Fol 2 o] &9 A xylitol
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B8 sHE FEINAYD. FFE C parapsilosis® C tropicalis® &3 Y
1=

A¥72AFAANM C parapsilosis®] 7-%(Table 23) fructose®t mannose:=
g 124 kel 25 o]fo] HAL xyloser ©)Eo] Ao ARmg oy
B o]&H7 AAstgdd. @&@tM C parapsilosisdl A fructose® mannose
© co-substrate24] H{3}A X3t ubA sorbitol, maltose, ethanol,
cellobiosex= xylose7} WA A2l 5 o|& g o]FRE A3 o]&57 A
ZAstAdn.  wWEA o]EX co-substrate2A A FEA 2k @x
sorbitol& H7t3te A ST xylose7t Z5F o4 ¥ Fol MEAHFL 3
o xylitol A sorbitold ©f HA o|&&7] W&o xylitol $=&°] S =
2 W g & H9E xyloseZ7t BF o] £ Fol AEAZE Ystd o
deuoe xylitolo] o €A o] &5l xylitol +&°] sorbitold wWHT}=
W3kth.  Sucrose®t galactosei= xyloseR Tt 23t WA o] & XA xylose®
A ol &= A (Fig. 21, Fig. 22). E% sucrose X galactose®} xylose
o] EYZANA xylitol $&= 3 HolA7] WE C parapsilosiso A
€ sucrose$} galactose® A E & co-substrate® #A 3T}

At TS A¥YE C tropicalis ATCC220198 o) L3l AYL 3
@ A} E Table 2401 YelU. C tropicalis 14 2] co-substrate A8
o tid 4¥dZ@IAX C parapsilosis®t Ae FAHE ¢S el @
X C. tropicalis 9|+ maltose?} xylose?]- Ao FAlo olfHE AYS
YEt A 2.9 galactose= xylose® T ¢k WA ol &5 AL Uehuy
t}H(Fig. 23, Fig. 24).

FTH¥HOZ co-substrated] WE FAE AEF A} fructose: xylose
o o8& AN fructose?t BF o] §¥ o|Fd| xylose7t o] LUt}
¥ sorbitol, ethanol, cellobiose® xylose?7} 25 o] &% o]Fo o] &=
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o9, o]t sorbitol2 xyloseZ7} 25 o] & ¥ Fo MEAHZL st xylitol
B o A olfg=H=ZE  xylitol&-&ol e =t} g C
parapsilosis®t C. tropicalis<] co—substrétei*i—t— galactose’} 7}R 4%
Aoz wIEHIY.

Table 23. Kinetic parameters of xylitol fermentation with 10 g/L
xylose and 10 g/L. co-substrate media at 36 hr culture
by C. parapsilosis ATCC 22013.

Kinetic _
eter | Cell Op | XYlose |Co-substrate| ¢ .. 0| y
Residue Residue

(620 nm) (/L) (/L) (g/L) | (g/g)

Co-substrate g g
Ethanol 20 0.8 11.0 4.0 0.33
Fructose 25 05 0 24 0.23
Galactose 22 1.7 0 2.3 0.25
Maltose 26 05 85 18 0.17
Mannose 24 1.0 19 19 0.19
Sorbitol 18 0 8.6 36 0.36
Sucrose 22 1.1 0 29 0.33
Cellobiose 16 0.4 83 33 0.31
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Table 24. Kinetic parameters of xylitol fermentation with 10 g/L

xylose and 10 g/L. co-substrate media at 36 hr.culture

by C. tropicalis ATCC 22019.

Kinetic Xvlose
arameter | Cell O.D Re};i due Co-substrate | Xylitol | Yus
(620 nm) (@/L) Residue (g/L)| (g/L) | (g/g)
Co~-substrate £
Ethanol 15 0 1.0 57 ‘| 048
Fructose 19 0 0 43 | 039
Galactose 19 0 02 38 | 035
Maltose 20 04 22 19. | 023
Mannose 17 0 0 39 | 039
Sorbitol 18 0 8.0 49 | 049
Sucrose 15 0 0 29 0.29
Cellobiose 16 0 70 44 | 041

* Ypss @ Xylitol yield (g-xylitol/g-xylose consumed)
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Fig. 21. Profiles of cell growth(@), sucrose(A), xylose([])
and xylitol(lll) concentration during the culture of

C. parapsilosis.
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Fig. 22. Profiles of cell growth(@), galactose(A), xylose([])
and xylitol(ll) concentration during the culture of

C. parapsilosis.
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Fig. 23. Profiles of cell growth(@), maltose(A), xylose([])
and xylitol(lll) concentration during the culture of

C. tropicalis.
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Fig. 24. Profiles of cell growth(@), galactose(A), xylose((])
and xylitol(ll) concentration during the culture, of

C. tropicalis.
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2. XDH defective mutant2] 449

Candida sp.°l 2@ xylitol HHENA A9 BE xyloseE xylitol2 Hg
Al7171 18l & XDH defective mutant’t 8 78t wWay £ dAFo A
< C parapsilosis®} C. tropicalis& o] %39 XDH defective mutant9] 4
Hol] i 4EE 3. WolH 5= chemical mutagen] EMSE o}
&34 2y C parapsilosis$t C. tropicalissl 2] XDH defective mutant&
A Zauw. @AM mutation ol o ZYF NTGE o) £3tdcth
NTGE ©]&% mutation 23 &g XDH defective mutantst 41'd3}%]
X333, xylosedl A 3ol vkt XDH leaky mutant TH& A3t
ojg A M¥E mutant® 10 g/L xylose®} 10 g/L galactose’} L ¥ o)
Ul oA 24X wiF G F o xylitol &) $4% C parapsilosis®] XDH
leaky mutant?l PA5®} C tropicalis®] XDH leaky mutant$] TA8E A
Ao, Ad¥ mutant-PAS R mutant-TA8% wild types& 25 g/L
xylose®} 25 g/L galactose Wi A|olA xylitol XEE 8% A}E Table
257} Fig. 25~Fig. 28] Yeldigict.

C. parapsilosis®] 7 §-(Fig. 25)° 39 A2 & xylose$} galactose’t ¥
Aol o1 857 A3t 6041 WiFAIZIY] A BE 22dUd. 2y
xylitol®] AJ4k& 60A1F wRFAIZlo) Hdl 165 g/LEAM &L 066
g-xylito/g-xylose °o19th. AX29 HAL xylose®}t galactose’} BF 2%
€ ol Follx YT xylitolE o] E3AA ALHJ2H, dge FEE 704
3 AR AL EshEid C. parapsilosis® XDH leaky
mutant-PA5%) 7 -$-(Fig. 26)= xylitol?] @& A& wild typedt A
3¥%e YeUAY. SA mutant-PASI A& wild typedt AZsEE =
T FAAT @ L3} xylitol FEE G o ER}tH(Table 25). WM A
¥ ¥ mutant-PA5E xylitol 2 & s 3.
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Fig. 25. Profiles of cell growth(@), galactose(A), xylose([])
and xylitol(lll) concentrations during the culture of

C. parapsilosis.
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Fig. 26. Profiles of cell growth(@), galactose(A), xylose([])
and xylitol(lll) concentrations during the culture
of mutant PA-5.
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C tropicalis ATCC 2033690 7%(Fig. 279 x galactose: A
co-substrate2A] xylose9t FAlol o) &5k MEAHZL xylose7t BZF
2EE olFo=E AT xylitol} e L galactoseE . o) &3 HA w Y
60AIZE7EA] A& E Yt Xylitol =& Y S50A1ZEANA &H ol 119 g/L2
&< 054 g-xylitol/g-xylose2M wj$ 2gtth. ¥ mutant-TA8% 7
$(Fig. 28915 60A12 MFA7|N ek xylitol $E7H 170 gLe +&o)
0.72 g—x?litol/g—xylosei*i wild typeRt AA Frtetdch 3o o) & =
W Z7100E galactose® WA ol §38thrt 36AI MY o) EREE xylose
g o w2 clgaut 1oy AZYFE xylsert A9 22 o F
dx TE3E galactosedt WA E xylitolS o] &3l Aoz %‘7}3}34
o @2t mutant-TA8% 9 wild type Bt} xylitol $&°] Z7}8tQA|
2 xylitol BEE H¢ $4% WolZFAw ¥ = YAt

dEH 22 Candida sp.2%€ &9% XDH defective mutantsE 83}
2 R3Joo 2 vegetative celle] haploid?! P. stipitis$t C. tropicalis&
o] 8% XDH defective mutant?] A¥o) dig UYL o APsc). wWo)
fr= ¥ chemical mutagenq! EMS £& NTGE 99.9% o)A4e] Al@ge U
BUlE AIEES MElstdck. Plated] =238 Yeld colony FolA @4
H22 xylose o] EA8tE platedl M zekx] AU uj$ 2L colony
2 AFE HoFFES sy dxHez HNyd WHo|FFE P
stipitis®] WolFFEL 10 g/L xyloses} 10 g/L glucose7t EA3te wj=
A wFsted xylitdl $&ol $5% WolFFY PXM-48 Wdsgen,
C. tropicalis® 7§l 20 g/L9l xyloses} 20 g/L9 glucose?} X 3Hg )
Ao A wjFFd Fo xylitol &0 ¢ WolFF CXM-1& A¥stdg
(Table 26).

Nl
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Fig. 27. Profiles of cell growth(@), galactose(A), xylose((]),
and xylitol(ll) concentrations during the culture of
C. tropicalis.
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Fig. 28. Profiles of cell growth(@), galactose(A), xylose([]),
and xylitol(lll) concentrations during the culture of
TA-8.
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Table 25. Kinetic parameters of xylitol fermentation with 25 g/L

xylose and 25 g/L galactos medium at 60 hr culture by

C. parapsilosis, C. tropicalis, mutant-PAS and

mutant-TAS.
Xylose | Galactose
Cell O.D|Ethanol Xylitol |  Yys
Residue Residue
(620 nm)| (g/L) (g/L) | (g/g)

Strains (g/L) (g/L)

C. parapsilosis 56 2.8 0 06 165 | 066
Mutant-PAS5 475 45 0 0.2 17.0 0.68
C. tropicalis 376 35 3.0 0 119 0.54
Mutant-TAS8 37.1 - 1.2 5.2 17.1 0.72

Table 26. Selection of XDH defective mutant from P. stipitis

and C. tropicalis.

Strain Residual Xylitol Strain Residual Xylitol
Xylose (g/L)| (g/L) Xylose (g/L)| (g/L)
P. stipitis 0 0.2 C. tropicalis ND 96

PXM-4 44 5.6 CXM-1 ND 146
PXM-7 5.0 5.1 CXM-4 ND 10.1
PXM-8 49 5.1 CXM-5 ND 12.0
PXM-13 53 438 CXM-9 ND 124
PXM-14 5.1 4.3

XM-15 48 5.2
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Ads P. stipitis$t C. tropicalis®l XDH defective mutantoll A &4
2 g er offol sheEdA XRY S dAA X
co-substrate®] Aol Wy MY FPsAE, AEF P stipitise] Hol
5 PXM-421 2% 10 g/L9 fructose, galactose, mannose ¥ glucose
7v 242t £3gd LA iAo 10 g/l xyloseE H7st 5UZF xylitol %
S 33l YT co-substrate® AEdHom, C tropicalise] ¥old
F0 CXM-19 Z3$dMde 20 g/L9 fructose, galactose, mannose %
glucose?t 242 2 8d 4gF wizlo] 20 g/L9 xylosed H7bslod 443t
xylitol ¥R E F3sle Y co-substrateE A @3PH(Table 27). =
ol FF PXM-4%! 7ol v} 5UAME xyloseE A3 Au|3tx B3t
o A Mo xylitol A 8 B5~100%EA A€ xyloser 2%
xylitol2 Ao Zb co-substrate F A galactose?} xylitol Ao
13 A, E¥, C tropicalis CXM-19] A$oME wYg 489A
EE xylose7t 2HH A2y, 4AHE xyloseo] WlE xylitol B4 +&& 6
9~85% =M fructose?t xylitol B9 7}¢ HE @ co-substrate o]t

Table 27. Selection of appropriate co-substrate for xylitol

production by XDH defective mutant.

PXM-4 CXM-1
Co-substrate[™ Regidual Residual
Xylitol (g/L) Xylitol (g/L)
Xylose (g/L) Xylose (g/L)

Fructose 524 4.36 ND 16.90
Galactose 4.36 5.60 n 13.92
Glucose 4.27 5.56 " 1567
Mannose 5.83 431 " 1465
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£ P stipitis®] wild typed} Wol#F PXM-48 o] 834 10 g/L9
galactose$}t xylose7l XEE YA wix]ol A xylitol LEE F8Hsld F o)
€9 % xylitol 84 5HE AET ZAFHoA wild type?l 74 $(Fig. 29)
Tt W 1Yl galactose ¥ xylose& 25 2|3 oy xylitole A A
BEA Fdd. WA WHol|FF PXM-49] 7 $(Fig. 300 ®g 1Y
galactoset 2 F AH|EQUI xyloses °lE°] Ao 4£2¢ o]FHE o]lLy
71 Az, £ ulG 4Y olF o= xylitol A 57t FAS A
A3, g 59 ol FelE o o) xylitole] BA o] FrtstA] Yo, HA
®© xylitol®] ¥ % 6 g/L olx, 44 &L 100% °lUtt ol2d A
£ xyloseZ} co-substrate2 A Alg ¥ 2E9 transport system& o] o] &
322 co-substrateE°l 938 xylose2| o]&o] A7 of&(69,70)°] A}
co-substrate7} 25 AH| PO 2 MW xylosed| M xylitol2 AFHE Ao A
¥ 8% NAD(P)Ho7t #5317] 2 Aoz Aludd

C. tropicalis® wild type®} Wol#F CXM-12 o|&£39 20 g/L9
fructose$}t xylose7t X @ LHufA A xylitol BEE +83sd G o] &
o] A% xylitol 448 58S JEF AHNAN wild typed 73 $(Fig. 31)
£ xyloseZ} fructosest A9 FAld) ol &5 AFL Vel os w4
Ul <F 15 g/L9 xylitolo] A=At 28y HolFF CXM-19 A
(Fig. 32)- fructose’l wWj¢ 1¥o] 25 Anvlg vy xyloset fructoseZ}
EF &Ml olF xylitol2 AEE7] ANASAR wiF 4 Yol BF A E
gem, olw AHE xylitl EE % 17 g/L o=, $&2 85% ol
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Fig. 29. Profiles of cell growth, galactose, xylose and xylitol
concentration during the culture of P. stipitis.
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Fig. 30. Profiles of cell growth, galactose, xylose and xylitol

concentration during the culture of PXM-4.
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Fig. 31. Profiles of cell growth, fructose, xylose and xylitol

concentration during the culture of C tropicalis.
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Fig. 32. Profiles of cell growth, fructose, xylose and xylitol
concentration during the culture of CXM-4.
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C. tropicalis® CXM-19] xylitol B4 F8&o] P. stipitis®] PXM-48.t}
@32 o] F= CXM-1°] XDH leaky mutante]”] wj&<gl #Hog Ajzigic}
olg} e AFA P. stipitis PXM-42 2% xylitol B4 $£8&0] 43
W xylitol A $X7F =27 g Eo) xylitol B4 258 Z7MA97] 9
g xylitol $& ZHA9 #HYol Wt ©§ C tropicalis CXM-12
xylitol B4 £5& #E WE xylitol 44 £80] B/ W2 282 2

7HA717] A% 5 Y € WA 239 gyo] »asi

vt 7] pH € %7] xylose ¥59 4%

Xylitol F&EAA FoF BEZY Fo su7t 271 pH 2 %7] xylose
FEOITHTD. wed & JdFME AEE P stipitis PXM-49 C.
tropicalis CXM~-1& ©] &3 %7] pHY 4] digt HAEE F43at.

P. stipitis®] PXM-4%1 Z$-ol& 247 20 g/Le] xyloses} galactose”’t
Egd THRURAY e x7] pHE 5~88 HAYF £ 5 4 F xylitol
YEE Y5 xylitodl A4S Wz AYZAIA Table 64 BS
o] 2R ¥ xylosedl W& AA+EE Ao W Aoy MTAYY Y
xylitol A4 <& pH7F F7Hgel W) 48 Y3 pH 5094 #F xylitol ¥
E7F 139 g/LE 7P ¢ 2, Fig. 33904 BXo] xylitol 44 &%
9 pattern pH 5~74 A& & ¥3+s U

C tropicalis®] CXM-18] 7 $-olA & 2}'4 20 g/L9] xylose®} fructose
7b X9 LdREMAY x7] pHE 5~82 A Fo 59 F xylitol &
EE T3t xylitol 4& wlwsdch WolFF CXM-12& 7] pH7Y
F7Heel w2t AEe 3= F xylitol AL AU, §3 pH 7.0 ol
BolME MEL] Fx HE xylitol o) F243 Zassich Table 279 2
Fofj A Zol CXM-1¢1 HA %7] pHE 6022 Yewtz, o o Hy
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xylitol®] Fx& 162 g/l ol1, & 80% = Ueldt. =3 Fig. 34914
H5o] pH 70 olAdNE xylitols] AHEE7} FH3 Bade & 4 3
Atk aelu ol ATE C shehatae® o8 xylitol LHNH o
%7] pH7} 45 oITHE Sanchez S(71)9 BR9E Fol7l AT

Table 26. Comparison of xylitol production at different initial pH

by PXM-4.
Cell OD ‘Residual
Initial pH Xylitol (g/L)| Yp/s (g/g)

(620 nm) Xylose (g/L)

5 17.6 6.9 139 1.00

6 174 6.8 13.1 0.99

7 16.2 6.4 130 1.00

8 15.2 86 114 1.00

Table 27. Comparison of xylitol production at different initial pH

by CXM-1.
Cell OD Residual
Initial pH Xylitol (g/L)| Yp/s (g/g)

(620 nm) Xylose (g/L)

5 227" 0 16.1 0.80

6 22.1 0 16.2 0.80

7 23.1 0 129 0.64

8 23.1 0 12.7 0.64
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Fig. 33. The comparison of xylitol production on different initial

pH by PXM-4.
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Fig. 34. The comparison of xylitol production on different initial
pH by CXM-1.
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g Z&AQ xylitol Jahg At 7] xylose F=2 FFo] g
AY¥S Y3t x7] xylose FEE 10~100 g/LE2 ¥Aj713z, o]
co-substrate®] ¥XEE xylosed ¥x9 li10o] =& Hriste] HEE 53
Ao P. stipitis®] PXM-4%1 7 $(Table 28)ol M EAZFE %7] xylose
9 FE7F 20 /LA M ¢4, 50 g/l olFoE MEAF HA
sAed, 2 olfE P stipitis PXM-47F 2o i@ Aol @7 o
Ro 2 AlgHY, £ o @ EA wFe] 27] xylosed ¥E7t F7Hol
el JEEE xylosed ¥ FHEE ¢ £ AU

Table 28. Comparison of xylitol production at different initial
xylose concentration by PXM-4.

Initial Xylose Cell OD Residual
Xylitol (g/L) | Yus (g/L)
Conc. (g/L) (620 nm) | Xylose (g/L)
10 144 47 57 1.00
20 150 6.8 13.1 0.99
50 14.1 321 18.7 1.00
100 139 80.1 216 1.00

C tropicalis®] CXM-19] A $olME MEAHALE 27) xylosed] ¥E7}
20 g/LolA 7 3R, 50 g/L ol delM e AIEA ol Fady oy,
xylitol B44&L 27] xylosed F=7F F71ge we Friste AL
Yebi itH(Table 29).
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Table 29. Comparison of xylitol production at different initial

xylose concentration by CXM-1.

Initial Xylose Cell OD Residual
Xylitol (g/L) | Yp/s (g/L)
Conc. (g/L) (620 nm) | Xylose (g/L)
10 18.28 0 6.94 0.69
20 21.43 0 14.82 0.70
50 17.67 0 37.10 0.74
100 12.31 344 85.23 0.88

vl 5714 wigol o] xylitol B4+

Ao AdAFAM Yeld RAAY P, stipitis® PXM-4% B¢ &d
AHQ xylitol AL A3 &= xyloseE xylitol2 ¢4A 3] AFAF)7)
A Pol WAastH, C tropicalis®] CXM-12 3¢ &3 xyloseZ}
e ¥E xylitol A4 F&o] W& @HE BAF1 3. gy & a7
T 98 7k #7144 uiFtd e §F HF xylitold] B FEY HRELE %
A F&E& F7HA717] A% A9 E YA P. stipitis®] PXM-4 7
& TE}E xylosed FEIF L olfE wlY¥ Z7]6l co-substrateQ]
galactose?’t 25 2AH|go2M xyloseZl «xylitol2 A#|HY WLF
NAD(PP)Hz7} # %37 dgd Aoz Alggu. uwebA Z7]d 50 g/l
xylose¢} 10 g/L.8] galactose?’t X8® HIXE o] &3l uYE A2F Foj
19 Fo= 10 g/Le galactoseE H71ste 7399 galactoseE feeding 3t
%S e vladHd.  GalactoseE& feedingdtA ¥ 73 $(Fig. )M e
]} 1¥UolA galactose?} BF ABIEAL, xylosex 1 o|FRE Av|HE 7
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F& vetdd. old AXAHZe wig 2 X Fristm YAl Aol d&
F g 3 IFE O Frrsglen, o2 @ olfs ©AYSR galactose”t
U HEA YAHE f71do|y ethanol & WY 3URE o] §317] BEA A
o2 Asdd. B xylitole] BA4E Algto] g met F7tsln, wig 49
1Folle o ol 784 gten, old Aol xylitdl =& 19 g/L °lx,
FESE xylosed] FEE 31 g/L otk o9 o] I&EEE xylosed BE
€ €017l f3td 19 %H22 10 g/L9 galactoseE H7Ftn Alzle) wE
xylitol 442 AT Fig. 36914 Jebd RAY 10 g/Le galactosed
ASHOZ feeding Fo2X METAZL ALHoz Frstdou xylitold
AL FA FrheA gten, g xylitol FEE WP 5 Yol 15 gLB
galactoseS feedingdtAl @& A% Bk o gt 1 olfE ALHow
feeding® = galactose2 <13t xylose7} AE WZ transport 532 £3tgAY
XR 829 $40] AAHAUY] BEA Aoz AgEY. wM, B 583
L2 xylitolE Y437l st A7) FoAA xylitolel Aol F71e4x] @&
€ A71A Y 4991A galactoseS feeding3td xylitol Aol it WS
ZAEATE Fig. 37904 veld AAE elg 4UoA 10 g/L9] galactose®
feeding & ol%F WY 64 742 xylitole] Aol A&Hez Frletm WY 6
d olFdle ©Al xylitol 4A i W3l gloAE AL A& F UYL
olg| & olfr& xylitol®] F=7F o ol FetAl g ANHAAE oz
Wit R NAD(PHS A4& A% substratert RASQU7] W&ol ofnf
galactose® FFH2LZH xylitol B4E& 2771 AFHE A

EF, ojul AEd vuiel o] C tropicalis CXM-1€ XDH leaky
mutant©] 7] W&ol FE8 = xylose7t §lE #HA xylitold] A Fgo) @
< @3l gk o]HALE CXM-19] U* xyloseE @2 g2 o]f37] o
Foltt. waA gihgoz olfHE xyloseE xylitol HEAIF]17] Y3ty

o
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co-substrate2 A fructoseE HIHA7lE #7HA uld PHES FAFHAG.
27] xylose ¥=& 50 g/LE &3 10 g/L9 fructoseE H7}3 vlA| & o] 83}
o wjge AFREA 19 BFe2 10 g/Le  fructoseE F7Msle A9
fructose® feedingst#l @& %9 ulmaAch Fructose® feeding3td &2
7 $-(Fig. 380X fructoseZt WY 1¥e] 2F A8lEAR, xyloses 1 o|F
BE AuEe 4SS el old AXAFS wid 197HA Fvtsn o
Al ol WE F Y 44%E A Frheden, olgd olft d@axde
2A  fructoseZt AHIEUAM AAFE {7140y ethanol & vl 3YHE o]
£317] A2 Ao Agdch. EF xylitold] A4S ATo] 2G| e}
233 F7tstgm, Ad xylitol FEE 40 g/L °13, oldfo] 4 +8L 80%
olfitk. EF xylosed A7l FZH3] Frbste Wi 19%H 49 74 Ax
4ol Ay gle Aoz wol 2Hld 9 10 g/L9 xyloses HEA o] obd
oz} thApel o] 2HUL Aoz Algaut wEtM P stipitis®] PXM-4%
7ASet ol B HEEHOZ xylitold AAEI] st g 4YolA
fructose® feedingdtd xylitol Aol did M3E ZASACT.  Fig. 3994
vebd A ulg 4GAM 10 g/L9 fructoseE feeding ¥ o] ¥ AMEAY
& Aoz Fig oy HF xylitold FEE 42 g/LEEA ZA F78A
E ¥urh ole wWidrit Foll Bk FEY Al7le] co-substrate® FE3HA
g7l HEY Roz Adn.  weA oA AHlE xyloseE ST
xylitol2 AA7)7] e wFsts B¢ 10 g/LY co-substrateE 19 3
Aoz FFste AYL +Usgct  Fig. 409 dehd RAAY 10 gL
fructoseE AEHOZ feeding@o2H AEXTAZES AEZHoz Frhsidoy
Ho xylitol FE= vl 5 Yol of 45g/LE fructoseE feedingdlx] &S 2%
Bk d$ Frtedd. 2822 olst o] Rk wig Bl st B
E&HO 2 xylosed xylitolZ AEAL & A & Rz 7jdiddh
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Fig. 35. Profiles of cell growth and xylitol production on the

fermentation medium containing 50g/L xylose by
PXM-4.
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Fig. 36. Profiles of cell growth and xylitol production on the
fermentation medium containing 50 g/L xylose with

10 g/L galactose feeding a day by PXM-4.
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Fig. 37. Profiles of cell growth and xylitol production on the
fermentation medium containing 50 g/L xylose with
10 g/L. galactose feeding at 4 day by PXM-4.
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Fig. 38. Profiles of cell growth and xylitol production on the
fermentation medium containing 50 g/L xylose
by CXM-1.

_146_



25

Cell Growth(OD)

® CellOD 50
O Xylose
20 B Xylitol
40
15 |
<4 30
10
20
S 10
0 0

Culture Time(day)

Fig. 39. Profiles of cell growth and xylitol production on the
fermentation medium containing 50 g/L xylose with

10g/L galactose feeding at 4 day by CXM-1.
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Fig. 40. Profiles of cell growth and xylitol production on the
fermentation medium containing 50 g/L xylose with

10 g/L fructose feeding a day by CXM-1.
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& A 7heid §4L o8 F xylitol ¥&E

4% E 4 H7IBC 9@ xylitol Akl BE AT79
&9 A st §AE o] 83 xylitol YE Wi A

FRstgrt. 55 &9 A4 teide ded APy o A
stglon, A b Al mE 244 o2 RE F2HE 2 ¥R
318 Fig. 4191 Yeliddh. Fig. 4194 B X0 S54 £ A 7hf
REg 4AIL ol FREE o] ol 29 FEo] o=z 4 sieE
He HANE 4 ATz AAFFHAYG. &5 £9 A sheid 4498
o] 8¢ xylitol $EE FFH £99 xylosed] ¥EE 5 g/L olley, P,
stipitis PXM-4& °1 838t d¥& +9sdct. YA (Figd2) wixjud
At 29 ¥t A &%, S5F 9 FE2PAA AHE ¥
2 U AEFES A ¥ou #iA Y &A= xyloses ¥ Y 4
A 100% EF xylitolZ AL S ¢ + AJYc. wad & dF A
of 2A%d & A7 HF BEQA A Ao oF xylitol YAkl B
F A7E IS AR FFERE XDH defective mutant® 7Agstz #F
o] B4 wg HAFAHS M AAAH o8& FE3I JteAol
tn @ & Uk

o
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Fig. 41. Profiles of xylose, xylitol and total carbohydrates

production in corn cob by treatment of sulfuric acid.
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Fig. 42. Profile of cell growth, xylitol production in corn cob
hydrolyzate by PXM-4.
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3. XR A9 47 €24

7t. Candida sp.2] XR #+3A ¥4

Candida spp. €9 XR #AA IF4E E4%7 s 4 C
tropicalis, C. guillermodii, C. albricans, C. parapsilosis® 4F o 22 g
genomic DNAE <9} southern blot& 333, olw Al&3F probex=
ME&d FAUAN F2YF P stipitis®] XR FA22 Sall-Sall (1kb) &
HE A B3R Y. C albricans®] 73§ A FAA Sall, EcoRl, Xhol, EcoRV
] 32 Al @ band7b %8HA hybridization®| A3, C parapsilosis®] 72 $
£ o}%d band® YEIURA %t o]2 Mol C albricans®] A$ & Az
7} &yoln band7t gt R probe2 A4 % P. stipitis®] XR f 2z}
&40l ¥7]l WEez AZ=n e FHAI A8 vt EAFgA Y
M2 FARE P. stipitis®] XR gene® A FAeol 1L ol Yegyx ¢
Rez wAY, T C parapsilosis® 3% C albricans BRo% P.
stipitis XR #AA}e]l &0l o WRolA hybrid HA & Roz &4
9. C guillermodii® 7% Sall, Xhol, Sacl® & o871z AFEA
o] MgAl &Y bandel YElEd, oje XR AL 3oy gEe
2 M EY. C tropicalis® 739 Yokoyama F°| °lv] 2719 fAAE
Bt 2 ME7A LEaJc, & A7 A8 C tropicalis ¥l
T3\ AME Southern blot 23 0.5 kb, 1.4 kb, 25 kb, 3.2 kb size2] 47}
Sall band’} hybridization & Ao 2 Bo} 27] o]Ae {AHAr} QL o]
gAdsAuet. ol A2 Hol C tropicalis® XR AR &4 o)
Candida sp.& T4 7} =& ol 7t genedl o] @& gene dosage &
A7t 71dEE Re2 AR,

ojgpto] ¥L FEE xylitolE A3} C tropicalis KCTC71013=
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gaA 2e FE&2 xylitol® AA}E C  tropicalis KCTC7212,
KCTC7552, KCTC77252 3¢} genomic DNAE o] Southern blot& 43}
8ttt Southern blot 23 KCTC 77258 A s F 71A ZF9 AL A
B H A Sall digestsl A ¢F 1kb 7hEe] 9 band?t FEHo 2 oF3tA Y
Bdth  olRSE Mol XR geneol SUE A= @B Be C
tropicalis?l KCTC710190 #)#| A xylitol &£&0] ¥ Aog Aztdd),

L}. Size-selected genomic library A X

Yokoyama %(64)0] &3 #A32] §4xAE 27198 PCRE 3t
¥ AYoA ALEE C. tropicalis WolFF9] 7% Yokoyama®l H71MA&
TAZE] AZ2F primerg AHE Y A AR FEHA ¥E ReE
Hol Yokoyama®] XR #Zz8} E3| 5 nontranscribed region ©ju 3
region®] gojg Ao B wEAM 2 BP o)y FHAMNE o)t
Ae 7HsAE A" 4 gtk C tropicalis Hol#FF 9 A S XR £80)
¥on FHAN F 7} olAoli Yokoyamad] XR #3A¢ e qze
ARz o]2XE XR FHAEZ cloning 3712 stgtk. 1oz
southern blot A% Sall digestel #A$ 27kb band® &
cloning®t7]l #8l o] DNA ¥ & ol& size selected library® TSt
Genomic DNAE hybridization band® 2¢ Adasrz A& ¥ AHrgs
& 39 e B9 gel2 5B DNAS %%fﬂ'm‘ insert DNAES 434
th. pBluescript KS(+)I plasmid DNAS $U¢ AQE22 Hg & &
A& size®] genomic DNAE T4 ligaseE A3l A2 Y plasmidE® UHE
4t E coli ]M101& %32 electroporator® ©| 83} transformationt
S 2% size-selected partial library & Alzs4 ot

r
2L
(1]
Jo
rz
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t}. Colony hybridizationo} 2] 3§ library screening

Az @ size selected libraryE LB plate (+ Ampicillin + X-gal + IPTG)
o] Zto}A white colony3tg& A3t} master plate® WEUY. Master
plate®] colonyS& Nytran filterdl &4 filter® *P7} ¥Xd® P. stipiﬁs
XR §2322 Sal-Sall ¢AL probe2 hybridization 3ttt AP At
A C. tropicalis®] genomic DNAE «&{7}x] AHFAELE o] 8389 double
digestion8t®] Southern blot Z# Xhol® Sacl double digest®] %% 35
kb, 45 kb ¥ bandE BT ol Xhol-Sacl fragmentolB22 24 A&
T E¢onzg olE o]&3lo size selected libraryE AlZF& Ut Colony
hybridization & o] 83ted A 2Xx10°/09] colonyE screening & A7}
57709l positiveES AUtk olE2HE DNAE #8349 Xhol & Sacle
2 digestion & 23 25 45 kbR fragment& 7FA 3 e RHol #UH
Ak °lF colonyE F HE M AAY APELS HIHAE F
8.

g AFAES: A% 24 2 subcloning.

Positive colony oA @79 88 M43l DNAE tFoz Ao
ogg7ka]  AMPEL2  AHEP¥ F  Nytran fiterd] &2  Southern
hybridizationg 33« XR FHAY A& ’—‘V‘&‘ﬁilpoding' 292 4
A5E REL BAsd.  Coding #$E 2#3= DNA 3HHE
pBluscript KS(+)IIE vector® ©ol&3} ligation® ¥ E. coli JM1019
transformationdt® subcloning 3t th. Insert DNASl %% £ g
Xhol, Saclg 7122 d& AJFEALEHR 239 digestiong FHsJ D
£3%, A F7+2 2 genomic DNA2 Sall digestl Al 38 & 22 band?} YEl
B AL 23 Sall single digestion® #o] #&83Hct. 1 A3} Sall
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single digestionel A& 0.3, 0.5, 1.3 kb2l band’} Y}A Sall site?} Holx
e EAe RA2=2 dq4=H" 2 9o Xhol, Sacl® ZEE EcoRV,
Hindlll, EcoRl §9 site7} EA%& #$A¥ & Uk ol9fo] thopsgh
size2 digestion ¥ DNAE 422 Southern hybridization® 483},
4¥ Z3 05 kb% 13 kb A9 Sall-Sall $¥F 17 kb =79
Sacl-Sall @8] &7} hybrid Stk waA o] R Eo] coding ¥4S X
#F3tn e Aez AGdd $l9 ARE JlxE MR 22 XR
FHA AFEL: AEE Fig. 433 2o}

Sac | Sal | Sal | Sal | EcoRl Xho |

l i | I ||

l 1.7kb | 05kb | 1.3kb | 10kb  |0.2kb |

Fig. 43. Restriction map of a genomic clone, 4.5 kb Xho I /Sac
fragment.
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. XR A" 471449 23 2 3R 24

Subcloning® DNAE dideoxy W& ol&3tq AY ArIXE e A2
Promega’l®] Mini prep kit2 & AHAF DNAE o]§ automatic
sequencer®Z THAl & ¥ HrIMEL HAd HF FAAE AU (Fig.
44). 9o FHAHolA 370e] @B 22} Bluescript plasmidol] subcloning}
of 471MEe EM3te 4¥9& Y3 05 kb, 1.3kbe] A HF71X I
17 kbe] %% 59 744 bp & 3' 755 bpE A% dideoxy termination &
olg3ted PrIMEE £43t automatic sequencer® o] &3l 23} o=
F7IME S #UAY. 2AHY P71 LD 26557 e XR FrHze o
71y vm BAM% AN 421 bpe 5 noncoding FHe 974 bpel
coding ¥ ¢ z22l3 1230 bp9 3’ noncoding FHE olFolA AL ¥H
h. E& 5 noncoding F99 345 A F7lelA TATA BoxZ FHHE
RS F2 £ AAtk. TATA BoxE v]E§ promoterst 1 ¥teo] MALZ
A B E reporterdl A3 {FAA Fo2 C tropicalisd]l =4&FE A
ALZAE 71 dig A7E £Y%8 F UL Aoz JidEd. 9dEd Mg
E & #4438t aldose reductase® cofactor A¥ FHE AIE F AN
o}

uh, fj2o] ¥eld XR FAA 971449 vz 4

2 A7olM A& C tropicalis®] XR §34 (XRCTS)®} 714 g5 7]
Eoll w82 2709 C tropicalis XR §AAQA xyrA 2 xyrBe @714 Q4
64)3 170e] P. stipitis XR A& F7]AM<Y(unpublished data)g
DNAstar?] Wiber & ol &aA NI 454 E vlnsdt (Table
30). XRCTS9 H71MEe xyrAst xyrB fAze Mdx z+zt 73.3%<
71.2%9 AFAL JelHA B, probeR AHERY P. stipitis®] XR &A=

_1%_



MEHE 588%9 AFAHE JEhdAch wEd B dFdA dLe C
tropicalis® FARE P stipitis®] XR #32 HtiE Yokoyama $(64)°}
Bag A9 C tropicalis XR 3 o 7H7t8& & 4 Aok #d
0|5 47tx @r1M Gl UM HAZAE $4Q TATA Box 3} aldose
reductase cofactor A3 E Ille-Pro-Lys-Ser24 of$ & nE=Ho] I
o 2By olE 47119 FHAE Abole] A4FA vlieA XRCTSS xyrA
9] FFA (733%) £+ xyrBY AFA (71.2%)2 xyrAst xyrBstel
AE4 (982%) Brh W@gk:, XRCTS® P. stipitis®] XR #Aztete] A%
A (588%)E xyrA EE xyrBe} P. stipitis®] XR fAA2te] AFA (73
4% =& 736%) REod @itk w9 XRCTSS xyrA £ xyrBete 4%
& P. stipitis®] XR F 39 xyrA BE xyrBste) AEA L Ao {4}
Ack.  olElg WolHF (C tropicalis® XR HWAE 2¥WY =EHE
duplication® F3 4 HFHAe 71 $71g Aoz BAY

Table. 30. Nucleotide sequence homology among XR genes isolated
C. tropicalis strains and P. stipitis.

XRCTS xyrA xyrB P. stipitis
XRCTS 73.3% 71.2% 58.8%
xyrAA 73.3% 98.2% 73.4%
xyrB 71.2% 98.2% 73.6%
P. stipitis 58.8% 734% 736%

XRCTS: XR gene isolated from C. tropicalis KCTC7101 by this study.
xyrA and xyrB: XR genes isolated from C tropicalis by Yokoyama et al.
P. stipitis: XR gene isolated from P. stipitis CBS5776 [unpublished data)
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5 " -NTGOGOGTNATTANGACTCACTCATAGGGOGAATTGGAGCTCACCAAGCGAAACOCGCTACAGACGCCATCACAGTCOOCACGCTTGCAC
GCAAGCAACGGGCCTGGTAATAGCAGTGTCATTGAGGGTGCACAGGCAAAGTTGGAGAGTATAGOGACGACAGGAACACAGTTGCOGCCA
ATTAGATCGGTGTTGAGCTTTACAAACTTGTCGGATTATOCTOOGOCTCCTTCTAATAGATAGATATACATAATTATTAGTAAGAGTTGA
TAAAAATACATACAAAAAAACCAACTAAGGGATACOGTTATACATATTACTTCAGTTTCGTAACAATCAGACGANTGTNTATCTGGCTGG
CTATGTNATTAACGOGGGATGGGAGCATTGTTTCTCTCOCCOGTGGGOGAANTCTGCTTAACOOCCAGGATCTGCAGOCTGCAAACCCAG
TGCAACTCCATTGAACAGANCCTGOGAAGCAAATTTTCTCGAAACATTTTCCAGACCTTGGACTTATTCCACOGAGAAATGCAACCNACG
AACAACGCAAGTTTCAGTGTTTCCTTTTTGTATTTTGCAAGTGCATACOOCAGTGTGAGTGAATGAATATGTGATGGGTTCTGCTTTTGT
GGATTTCCAAGTTACGTCCTGGTATTAAATGTTCTTTGGGGGTINGGONCONTTGGGTACCTGTTGGTACAAGGNGGGTTTTTONTTGCA
NCTTCCCTTGGAATANAACTGCTTCTOOCOCCOGAACGTTGGGNCTGGACGGAAATTTTTTAACCON - - - - TTNTGGOCATNATINTTTT
NCTTCCOCCAANTTTATTTCCAGATCAATOOCCOCCOGGATTTTTNNATTTTNGATTATTTTTAACCACAAAACAAAAACOGGGTTTTTT
TTTTTTTTTTTTCCATTTGGNGGGGNGOOCACAATGGACOCAGT TTACGNOOGCAGAATCATTCAGT TTCAAATACCTGGGNAGACAAGA
CAAAGGGAAGGNGATTAGAACACATTTGTGTGOOGNACTTG TTCNOCCNNCGGGGNTGTTOGCAAAGATTTTTTTCCGCCCTGNGAAAAA
ATCCCGTGCTCCCTCOCCAGAATTTTATTCCGATGTTTAGATTT TTTTTCAACAACTATAANGGGATCNNGAATCCTCAGACACTNTTGT

CATNGCTTTCCTNGACCATTATCAANTTACCAAACNACAAAN-
1 ATGTTTANTGNTANNGNTTCCCCNACNATCAAATTGAACTCCGGNTANG
50 AAANGCCATTGGTTGGTTTCGGCTGNNGGAAAGTCACCAACGCTACCGT
100 TGCCGACCAGATTAACAACGCATCAAGACCGGGTACAGATTNTTTGACG
150 GTGCCGAGGACTACGGCAACGAGAAGGAAGTCGGTGAAGGTATCAACA
200 GAGCCATCAAGGACGGGTTGGTCAAGAGAGAAGAGTTGTTCATTACCTC
250 CAAGTTATGGAACAAATTCCACGACCCAAAGAACGTCGAGGTCGCTTTGA
300 ACAAGACCTTGAGCGACTTGAACTTGGACTACGTCGACTTGTTCTTGAT
350 CCACTTCCCAATTCTTTCAANTTTGTCCCAATTGAAAAAAAATACCCACC
400 TGGCTTCTACTGCGGAGACGGCGACAAGTTCCACTACAAAAACNTCCCAT
450 TGTGGACACTGGAAGGCTTTGGAAAATTTGGTTGACCCCGGCAAAATCA
500 ANTCCATCGGTATCTCCAACTTCNCCGGTGCNTTGATCTACAACTTGATN
550 GGGGGCGCCNCCATCAANCCCGCCGTGTTNCAAATCNAACNCCNCCCA
600 TACTTGCAACAGCCAAAGTTGATCGAGTACNTCCANAAGCAAGGCATCG
650 CCATCACCGGGTACTCCTCCTTCGGTCCCAGTCCTTCTTGGAGTTGGAG
700 TCCAAAANAGCCTTGGACACCCCTNCCTTGTTCCAGCACAAGACAATCA
750 ATTCCATTGCCGACAAGCACGGCAAGTCGCCACCCCAGGTCTTGTTGA
800 GATGGGCTACCCAGAAAGGCATCGCTGTCATTCCAAATCACACCTCC
850 CCAACAGATTGGCTCAAAACTTGTCTGTCGTCGACTTTGACTTGACCCA
900 GGAGGACTTGGACAAGATTGCCAAGTTGGACATTGGCTTGAAATTCAAC
950 GACCCATGGGACTGGGACAACATTCCAATCTTTGTTTAA

990AGGAACACTCCGTANTTNTTATGTACATGONATTAATAAATTTATNT TGCGTCTAANACGGCTTGTCTGOCGAAAACTATTAACTTCAAT

CTACTTACAAAGTCNTCTCTCTCGATGTNTGCTCCGCACAACCTTCTCTTGOCOGTGAACTCCGTCCTCAAATGGAANCNTCTCCAGTTG
TCNAAAATCAAGONCTGGCCTGGTTTCAACTGGTAAAAAATCTOGTNCTCAGGGGAGCTGATAATACTCNCOCAGTTGOGAATCNCCTCG
TAAAACTTOGGAACATCCTCOGGGTTCTTCCAGCTATCCATAGTCNATCTATCNCTCTGGTTCCATCTCACCTGCAACAACTCCOCATTC
TCGTCNANCTTNAAAATCGGTCTTGGTTCATCTGGCTGGATGCACACCTTCTCCTCGTCOGCGGANTGOGOCGGGATCTTGATCCTCGTC
ATCACCTCGTAGCTCTCGGGGTGCTTCTCOCTTCAANATCTCTGCACACTTGANCGCGTOCACCAACNACTCNTCOCGCOGGTGOOGTCAT
GGAACAACAAGTGGAACAACTGCCOCCOCGGNGTGTTGGAACATTACTTOOGCGGGGTGGGAACTGATGTCAAATTCGTGTTCOCGTGTC
GGCCTGGGCAAATCGGACGTGAAGTCOCAGAACCCGOCATAGTGCGTTGGTOGGATGTAGTTCAACTTCTCGCACAACCTCTCGGTGTCN
TCCGGTGTGACGGGGACGTTGTCGATGAGGCAGAACCOGTGOOGOCAGATCTTCAACGACCAGTOCTTGATCGCGTCCTCGTTGTCATCT
GTAGCAGCCATGACATCGTGGTAGTCCACGOGCGGCATGTTGTTCTCGATGTOCTTGACTTGOCATAACTOGOGTGCAAGCAACGTGTCG
GCGOCTTGCAACTTGTCOGTAACGGGCACCAAACGAGGCAGGTACGAGTGCAATCTCAACCAGTGGAAGTCGTACTTGAGACGTGTTCGT
CCTGGTCCCACGTGATCTCCAATTCCTGAGTCCCTGOGTTCACAGCAATGAATTGGGGCCTGATG TTGGGGTOGATGCTGGOGGAGTTGA
GCAACCTCTGCTTGGTCAAGGTGTAGTAGCAGGCAGAACAGTGGCAGTTGTCACGCAACCAGATGTTGTGGTACGTCGAC-3

Fig. 44. Nucleotide sequence of a XR gene from C. tropicalis
KCTC7101
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4. Flocculent mutant 7}& 2 repeated batch culturei]
9] & xylitol At

7}. Random Mutationod 28 Candida tropicalis®] flocculation
mutant 7%

-1, EMS Mutagenesis& ©]-& ¢ flocculent mutant 4143

EMS(Methanesulfonic acid ethylester)E A8l F =2 A28ty A}E &(death
rate)o] 90% o4 ¥ %= 300mg/miZ ZAAYLrt Candida tropicalis®
tj<}8td exponential growth phased] UL @ ZIEY T2 1A 0%
¢ Astd EdNolFE $RHAUG

Aol &2 E mutant® YM agar plated] spreadingdte €& colony% ol
A 2 3717k 2 A& 5ml YM HAZE £ test tubed] HE ] 33 Wi
vk 3gte] widF wigd L 5B XYW Axs vigel she
e ATV ¥ FFE flocculent mutant® AE34c 2 d3+= Fig. 1
3 g} o] FolAM flocculation AEZ & wwl, ww2, cc28 AdsY.

v, AM¥¥ Flocculent mutant® o] &3 xylitel A4t 3 % flocculent
mutant A%

A ¥ flocculent mutant wwl, ww2, cc28 Xylose wWixlol A vhdgt Az}
£ Fig. 2, Fig. 3, Fig. 48t 2t 43 AX ¥%+ wild type 37g/1°1%
o flocculent mutant wwl, ww2, cc2¥ 2zt 2.3g/, 24g/1, 2.7g/1°1h
Xylitol ¥8& wild typed 055¢]%29, flocculent mutant wwl, ww2,
cc2e Z+zE 045, 050, 05521t} cc2 39 A9 MEAAI xylitol P44
& Fgtov flocculationB =7 FA ¥ston], ww2 59 3¢ AEYELS
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Fig 1. Flocculation mutant®] Flocculation A= (
F 4%9 OD.)
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Fig. 2 Candida tropicalis wild type®} flocculent mutantS9 A% IA
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Xylitol Conc. (g/L )

Fig. 3 Candida tropicalis wild type® flocculent mutantE 2l Xylitol A4k

24
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Fig. 4. Candida tropicalis wild type®} flocculent mutantE 9] Xylose &%

=4

_163_



cc2Btre HAAR, flocculation =7 £347] W&o, ww2 235 ¢4
flocculent mutant2 H&3Jh.  Flocculent mutant ww2@ &= 72A12¢
HIF HF AXFE7E 24g/1°0019, Xylitol & 050 )Yt} o] A=
wild type®] A3} Xylitol &0 2019 FlocculationE4g 71x)
I Qe Rez Yeur.

1}, h1A flocculante] XA
71, Cell flocculation®] v} X cationic salt®] %3

AES] S0 7MY EEHo2 AR YS A& flocculantS AA 7] 9
o] ZhsAdel e 48 sk BAES Adsd a2 A3E zAEIEU
2 AFAAM A" FFQA Candida tropicaliss AAHo2Ze &30 Yo
W42l £ non-flocculent strainel?] W&o o] #F9| flocculationg 18
A flocculating agent®] d&EL I &+ Ue FTAL HilsFolo &
o}.

2 AgdME cationic flocculante] G A7l Yt salt AL
polymer AlIE Yo, cell&€ complex mediadlA 7]1& e distilled
water2 washing3dt] A}-£3814r},

Salt A2 divalent cationE9°] cell®} cell Alolol bridgeE A=
calcium-bridging hypothesis& ZAHZ 39 calcium iong H 3§ 271
divalent cation®, cell 3+l (-) charge® <@ electrostatic repulsive force
g QT 982 3= Aoz ¥HIud EJ1A monovalent cationo 2 A
Jeto, R E cationE& chloride salt ¥Hl2 H7l8lgd. 2 A= Fig. 5
M & F A= viet ol Candida tropicalis #5292 cell flocculationell
gz 2 A#E BolA Xde Roez ey
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25

OD600 at =0
M OD600 at t=5min

20

—
(2]
"

Cell OD at 600nm
3

Control CaCl2 MgCI2 ZnCI2 NiC2 CoCi2 NaCl  KCI

F@idi1. Effect of various cations on flocculation of Candida tropicalis. All cations were added
as chloride salts. The cells were grown in the complex media at 30°C and 200rpm, and
then washed in distilled water. Cations were dosed at a concentration of 10mM into 50mL

of culture,
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g4 & cationEol ¥l #A ZnChe AS HF7Mstn A9 cell Fxo %zt
o 2 AL By 2 ARV §¢oz FEAHY oYM B 4¥
S HyapA] fgton T A cationE9] F/1FE HsA A
e "ol FRY flocculation BAL W As A 3yt
AF7A A8 FHAA flocculent yeast cellE9 flocculation Alo] Ca2’
iong v Ed B7tA] cation® 9 flocculation promoting effect’t BEi1@ u}
Ao}, o121 & cationic salt2 A AFF AHE Jldsgou, B FFAA
T BEHA @2 Aoz nFfo, oyg EAL flocculent straing
flocculationol] A&Z<QA SH4YE AT & UNS. DA, & 49L& 94
cationic flocculant24] divalent\} monovalent cation®& Xd salts 2 g3

A %E Aoz AU

L. Cell flocculation®] ©]Xj+ cationic polymere] <%

Cationic charge€ W3 U+ H7FA polymerE & H¥sd 1 AnE
At 2n], 2 A 9§ Fig. 6914 Jebi

Polymer?] 7% diMAH oz 433 F& flocculation E3}E Yerdd o
uw o] wf A% BEAE F Zetag series (Allied Colloids Ltd.)E Bacillus
subtilisst  Zymomonas mobilis #& bacteria®l &3 AHg€ vt e
cationic polyacrylamide copolymerZ4 ¥£& BAFH HEZE Ad
synthetic flocculantold. o] o Yets &#H9 xto]= AM8-E polymerd)
AF® 54 charge densityd] WE HOE cationic charge density’} ¥
€FE F& AAE Yehlle Aoz ¥AHAY. F, 97149 flocculation
2}-8-7] 22 polymer®] amine group3} negatively charged cell surface 34

electrostatic interactiono] w& Rolt}
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Cell OD at 600nm

Control  Zetagd8 Zetag83 Zetag?8 Zetagd? Chitosan

Fg®. Effect of cationic synthetic flocculants and chitosan on flocculation of Candida tropicalis.
The celis were grown in the complex media at 30°C and 200rpm, and then washed in distilled
water. Synthetic flocculants were prepared from solid beads (or a 50% dispersion in the case
of Zetag 78), to give a 1% stock solution. Chitosan flakes were dissoived in a 2% solution of
acetic acid to give a 1% stock solution. Floccufants were dosed at a concentration of 0.01%
into 50mL of culture.
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. Cationic flocculant dosage®] @& flocculating agent A A

HAeo flocculantE AAs7] Hdd AL HAYE polymers: F
flocculation &7} YetYE flocculanto] Wate] ztzt AA A X o] o g
flocculant®] HAH7EE SA3AD. 2 2} E Fig. 7 ol Get Ut
Aol AAZHE Zetag78el A <9 AT 1g DCW 7 FHIlsof &
flocculant®] Fel 713 AL AL QY + AUZL, WA B AYelA AL
£ & cationic flocculants Zetag782 A A s}

%3 43232 cell suspensiond] A FX 9 Zetag782 H7lsln #
He g 7ters] FolFA cell flocculationo] "9 FA A Yoiy FA
o] douA Heu o] F¢ 58 oldal A BE cellsol IAHE &4
< FFY F YU

t}. Flucculation #3 =29 83

T, SRR el A 9] cell flocculation

SawRRe 2JdME Ao AV HEE F e A A% E §As)
Astd A ALF Zetag78E o] £33t complex mediadl A9 celld
flocculationg ZAl3tAc. 2 A} FH+4 €2 TAMA HiAME cell
flocculatione] A& =& Re 2 eyt

R R el Mo MR &3Pl WX pHY 3%

oq7)dlA A8 ¥ complex mediat xylose 50g/l, glucose 5g/l, yeast
extract 5g/1, (NH4)2S04 5g/1, KHoPOs 75g/1 2 FAE H3A w1 e o
& 8<le] flocculationE inhibitiondtEX & &oll7] Y3ty gz &
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Minimum Flocculant Dose (mg / g cells)
8 & 8 & 8 @«

L2,
"

o
I

Zetagds Zetags3 ZetagT8 ZotagH2

¥ig.3. Minimum flocculant dose for the flocculation of Candida tropicalis. The cells were grown
in the complex media at 30°C and 200mm, and then washed in distiled water.
The flocculant dose is expressed in terms of mg (fiocculant) / g (dry cell weight).
This dose is obtained from the amount of flocculant that can be seen around 160% relative
reductions in turbidities.
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248& T98Ad. 4, celled] §3 T8 AL FDE cation
9 activityell 81z W9 pH range’t & ¥42 AL2eddsE wast 9o
olof wtz} wjz] W] pHE ®SAIA I 4% ZAEAY. LA viA 9
pH: o 45 A=en ZzZ wfx] ude] pHE HASA WHFHAA
flocculation 48<& Fysdn 2 A= oL Fig8x 2o Agzxoz
vl Z] el pHE cell flocculationo] Hthe F3F8 vxx ¢3S Azt
t}.

g R dolAM e HX g3 vlxE dilution factord] &

n

FHTAAgs e 2E WX dME flocculationol A= E @Aabo], pH
9t 22 wix] 2] 2H2E HAHA 7] @Fo, YA wiA Yo o
54 429 FLAAE A A8d 4z HAHG wis2 wRE
dilution®¥-& #9 flocculation AFE Lol HAFL FYs9dn 1 27
£ Fig9¢ 2.

4 ZAA=27E v 34 w7t F7bgel wel flocculationo] Yojut
t AR F/EE A Y3, o] 23E u]F9 complex media W =
4 A ¥o] cationic flocculant®} cell surface 9] interactiong 4 aj3}ed

flocculationg& JA| = AL S < 5 AU

2, Laux HorMe A ¥R mlx= Yeast Extracte] 9

izl 724 AEA Xylose 50g/1, Glucose 5g/l, Yeast Extract 5g/,
(NH4)2S804 5g/l, KH2POs4 75g/18 o|&3ld zZtzte] FA HEEAY
flocculation 97 & HA st 2 A3 HFEMR A flocculatione A 3f &
8L {F7ldA2doe2 A4 9 yeast extract}E RS #§3A).
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Fig 4. Effects of pH of media on the flocculation of Candida tropicals .
Cells were grown in complex media at 30 °C, 220rpm and then the pH of media was controlled
by 1.0N HCland 1.0N NaOH. Zetag78 as a cationic flocculant was dosed at a concentration
of 0.01% into 50mi of culture.
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Cell OD at 600nm

Diiution Fold

Figy3. Effects of dilution on the flocculation of Candida tropicalis.
The cells were grown in the complex meda at 30°C, 200rpm, and then the cell suspension
was prepared by dilution factor. Zetag78 as a cationic flocculant was dosed at a concentration

of 0.01% into 50ml of culture.
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agu B Ago AL E #F9Q Candida tropicalist xylitol?] AAMA] &
72129 o2 M9 yeast extractZ7t WEA] FRstn, HHuAAA ALEE
yeast extract?] FX TF xylitols] BAAEE Foledd FAHIINA BASH
o] dE 54L& AU Utk wakA vz FA4 AE FolA yeast extract
9 ¥ g WIFAIE Y& TFEE xylitold WA e B Ay
Ego] B2gstA @, B FAL Y yeast extractd] 544 2 ¢ o
E EF Aol olzjd 4 wde AE A WU AY B
7bedch AR oz 2F7tA Al ALE A yeast extract (Difco) o
21, cell growthtt xylitol Aatel Qloixe 2o H¥E FE3] F9stn
Ao AME cell flocculationg A& & € organic nitrogen source
Mibste] o] & diAlstE WS ol&3 At F, Difco o199 g 34}
oA AZE yeast extractE¥, AFHOZ Wo| ol&HAAI: Ue
organic nitrogen sourceS& TS Table 1. 3} Zo] Awdldg £M o] o]
z}z} cell growth$} xylitol productiondl #lA & 938 A¥ Bt}

Ay A2 HE 12712 sample ¥ Yeast Extract (Acumedia) 9+ Meat
Peptone (Marcor), Casitone (Difco)E& A 91§ t}& nitrogen sourceE o] &
& ZASodE g vl FE 2 cell growths} xylitol production®] ©] Foj
Az ok AHEE AT F AL, o] 5 sampleo] cell flocculation
Hol e Fg& A FIde 43 Fig. 1034 o

Fig. 109 Zz27e Z2 AL AFQ Expresa 2200 (GistBrocades)3
Gistex LS ferm powder (GistBrocades)?} cell flocculationo] ©}F0o]3]&

nitrogen sourcezts A& Aot

z2

!
h
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Table 1. Effect of various organic nitrogen sources on cell growth

and xylitol production

Sample i Cell Conc. Xylitol Conc.
A Fo 3| Al
No. (g/) (g/M
A Yeast Extract Difco 5.80 305
B Yeast Extract z%-3 3 6.55 28.8
C Yeast Extract 7tg4kdd 7.15 314
D Yeast Extract Geneco 6.43 309
E Yeast Extract AlY{yuvid 6.67 29.0
F Yeast Extract Acumedia 3.68 2.25
G Expresa 2200 GistBrocades 6.84 328
H Gistex LS ferm GistBrocades 6.25 345
I Yeast Peptone  Biospringer 6.39 32.7
J Meat Peptone Marcor 537 597
K Casitoné Difco 2.94 248
Cotton seed
L Traders 6.18 29.1
flour
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Figrig6. Effect of various nitrogen sources on cell growth and flocculation.
Zetag78 was used as cationic flocculant and the celis were grown in 250mi flask containing
50mi fermentation medium at 30 °C, 220rpm for 36hours. Most cultures were performed
until the xylose was completely consumed.
A: Yeast Extract (Difco) ; B: Yeast Extract (Choheung) ; C: Yeast Extract (Karim) ; D: Yeast
Extract (Geneco) ; E: Yeast Extract (Cheiluniversal) ; F: Yeast Extract (Acumedia} ; G:
Expresa2200 (GistBrocades) ; H: Gistex LS ferm (GistBrocades) ; I: Yeast Peptone (Bio-
springer) ; J: Meat Peptone (Marcor) ; K: Casitone (Difco) ; L: Cotton seed flour (Traders)
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o] Expresa 2200 Gistex LS ferm powder:s 2tZ} Saccharomyces
uvarium, Sacchromyces cerevisiaes Y8 Z o] W52 yeast extracto]
I amino nitrogen® vitamin® #FFo] e §A4 & X Yo =37 of
F 7} yeast extract®] AZA SA 02 A chlorideE ¥ £ % salte] dato)
1% ©l3t2 Difcog BIXT 2 FAle] AFEo Hl& fd3d e RS
wAAT. ol2dd AMHZ v Rl & WX W9 cell flocculationo]l A
s TAHAHJ DAL yeast extractd] AZAo FHH nHEY salte}
< FFE F UAXHG

£ A3 A8, yeast extracte] Ul WA 3A) ‘ZF e
AF 7h&d salt &Fo] A9 g yeast extractZ flocculation ¥ & %
Ateted Bttt O A3 salte] F#Fol R yeast extractE ALEEHE cell
flocculatione] AEHo2 o]lFojF& #UsAn, ‘ZF3sPe Ytz
yeast extract®] 7 $-ol= flocculationo] o] Fojx|A ke qo AY Az}
¢t vlwd o cell flocculation®] Wa 82A2 Al yeast extract H salt
T FFolUTdE AL AEAE F AU

da wjR] Wl ME cell flocculation® Yo £ UE FI7HA yeast
extract &, Expresa 22003 Gistex LS ferm< %%, 944 Table 194 &
Q1§ %o] cell growth® xylitol productiond] UYAME & REBCY o4
& AAE JEHUI Qo] gz ALk ZIdE A, 2 FAME Fd
¥ < xylitol B4HFE Yel =  Gistex LS ferm powderg & A oA 9
organic nitrogen source® A%3l4 flocculation® ¥ ¥ flocculating yeast

9] xylitol AJ4kel]l o] &3} .

fr

o
_E_

ol
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o, BEER] WellA MX §&HA cell ¥ flocculant F Atelol 43 A

U HEF ARES Edz HAX L 9g cationic flocculantZ &
Zetag78 (Allied Colloids Ltd)& A3tz wlx] W9l organic nitrogen
source2 Gistex LS ferm powder (GistBrocades)& A}8-3lo W& ufx|
Woll 9] flocculation 238 Y3z, HA wix] FodlA 9 celle] Fxeol
et Artsfor & A flocculant Y] AR BAE thd FigllH 2o =
Abat A ot

t}. Flocculating yeast& o] & & xylitol] A4}
1. 250ml flaskE ©] 4§ xylitol®] repeated batch preduction.

¥4 A& flocculation process& ©ol43tH xylitolE A4tstd k. Batch
culture® F9 714 xylosert o 2299} xylitol2 WY v, Hg
% flocculant?l Zetag788 ©] 43t cell $HAIA & wixlg ¢ ¥
Al A2E wAE YolFol culture® A&3t repeated-batch
fermentation WY& o] &3tk o}2]3 repeated batch fermentation 373
& oju A cellEE AR thA o] Rt Hol7] WEo @I cellES
71¢ed =5 AH FHE 738 £ Jon BAPE FHAE £ Ao
= AW AT U ola# 2IEL olgsd UYL FPFYL UL
Fig. 12 & Z& A g JUr}.
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Figeifl7. Dose optimization curve of flocculating agent for the flocculation of - Candida tropicalis .
Celis were grown in complex media at 30 °C, 220rpm. Zetag78 was used as cationic flocculant
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Figid 3. Xyiitol production by Candida tropicalis using repeated batch fermentation.

Cell Growth (gh)

The cells were grown in 250mi Erlenmeyer flask containing 50mi complex media at 30 °C, 220rpm.

The media containing 5% Xylose, 0.5% Glucose, 0.5% LS ferm powder (GistBrocades), 0.5%
{NH4)2804, 0.75% KH2POs was used.
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flocculation® E# olu] AF cellES 22 AL o3t Hol7] B
ol batch7t ALEFE cell Fo] FdlH oz @olAA xylose £® FE7}
224 B3 AE & & At ol T AIAE xylitol AZE Foled
EL2S ZF F Ag Aoz oY, HaAl 4F ZAdAME batch7t WHEH
o wat 71d 22 £E& oS3 YAT xylitold] A F] 2FY FA
3t Qo] AFAAYY] xylitol productivityodlle® BT E F71E Holx €SS
WAt 2 batcheicthe] HFHQ xylitol vielde o 60% FEAow of
o o] xylitol productivity: ¢F 1.0g/l-hro| s 23ts o2 Yelxo.

E—1

U, Xylitol A% 718 9§ cosubstrate 359 &

Batch7} WHEEFE xylitole] B Fe] o= EAE HAs7] A3
of S¥A batch¥#E Eoj7te wiA W9 glucosedl ¥ F7HAIA B
ol flocculation® ©]¥F 9 cellE°] maintainancedt=t HW8 3 energy:
glucose2 28 41 7129 xylosed Ful B& FEo] xylitol2 conversion
g + ASE cofactor® ATHFV A4S 2 FHez 3= AoUH. 2
A7 e Fig. 139 Zeo] ¥ge AnE JYehlA Rk Aoz #AHUH

. Xylitol 843 Z718 9§ wAy £& 42 v 23

AN B EHIA oxygen-limiting conditioneld TH8l xylitoh A3
th= 3o ue} vix] yo] $343A4 T 2 E NEHUT Grdida spoll &%
xylitole] WAL EA xylose reductased] 18t xylose7t Bx o] xylitol2 HE =
o} Yojtt}l AAE xylitole] Y¥E xylitol dehydrogenasedll 213t xyluloseZ At
SHEF dAZE AX AZU YA 3 2 AX FHYELE Hgdn
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Figig®. Xylito! production by Candida tropicalis using repeated batch fermentation.
The cells were grown in 250m! Erdenmeyer flask contaiming 50m! fermentation medjum.
The media containing 5% Xylose, 0.5-1.0% Glucose, 0.5% Gistex LS ferm powder (GistBrocades)
0.5% (NH4)2S04, 0.75% KH2PO4 was used.
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old] xylose reductase®] ZEAZ = NADHS NADPH E @493t xylitol
dehydrogenase®] ZAAZ%F NAD'7F @93t} Xylose ARG o|A =}
9] Ata7t FEFHE NADP)H/NAD'Y Hlgo] asn e xylitol?
2 R Eo] xyluloseZt H1 1 A3 F4 X7t F7H8t xylitole] A4t
2. vl 44 FFol ¥EFEE njgEe FAHAETI "oz
I xylitol BPAH £ 5 HojR} B2 xylitol A Ay x 23
e A71e Ads-gd BE £x9 FYE xylitol FH Fog2 fEdo 1
F&9 xylitol B4HE A3t BFHold

Flaskol A& vzl | &84 $5& Y FH: Aol E7Ms3r] 9
Fol A rpmE xAHeq Fo2M Wiz W DO level® ¥MsAlA 2
o & xylitol A4E ALt HAH 9 xylitol YAz E& Y3}z, 2
A& 9& Fig.l4o]l Jehyqich

Z rpm 2HE T3 viR WY DO level€ 2H3Y FAUE 9, batch?t
BB 5ol xylitol HAHFol FoER] && ¥ otdg 2FH Fvhstn
& g$Ad¥gS UG ol: o} batchvlth HAHo=2 o 68% AEYY
Y3z s Aolo, o] ufe xylitol productivity’ = batch
24 ZF718td Hdl 1.42g/1-hre] productivity® 45

&
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fo
gy

2. 25 L jar fermenter& o|-§ % xylitol®] repeated batch production

o]9} L& 250ml Erlenmeyer flaskolAle] & & =L 25 L jar fermenter
of HEAIA GEH 2ol 49L FY&AY. F Candida tropicalisel A &
EdLF o WE xylitold] AR E FAFHoR2 dolry] A xylose
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Figg ltb. Xylitol production by Candida tropicalis using repeated batch fermentation.
The cells were grown in 250m! Erenmeyer flask containing 50m! fermentation medium.
The initial condition of culture was controlled at 30°C and 220rpm, and the agitation rate
was decreased to 200rpm in the last two batches.
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Xylitold] B4&3 HFFTE FAANZ AHA, 1G4 25 x7)d %
S FEY BEULE FEE FAS TAY AFE w2ZA FAAA 7
FTEE F 8g/t Axel T d, 28A AT EEN4LTET 10~25%=2
FAHEE s 2-stage xylitol AAAES AGsdn 1 g T8 o
& Fig. 159 2& 3#E A

o] ARZHE 25 L jar fermenter® | &% wiIdA HF <+ 70%9
xylitol &3 15g/1-hr BT 9 xylitol productivity® doj'd 4 AL}

o, ASE Y AU xylitol Ak A= Fg

Candida tropicalis®l 1@ xylitol AAA¥ g L7 4gE L&A
A gatdct 7128 05 vvm, REEZRA L 120 rpml 2 sty L2424
s} Asgd ATHAE FAd FHIPA g, AALAANTL 8
AztolA:, AT TAY olEHH U472 Tojrst AP Fo:
A1 es, MEFEE 538197, $S8M2FEE 270 Axe 433
@ TR gastel UAR o FE AR AN FEL FA%A F
¢ 2Ho] iy sdou, 45ddAIAY A$ 2rldE §E84L
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Ae 2-3mVE YASA AAstgY ARSLAIAYAL 2eude
xylitol BARTHE AEAEe] o 2 dojxten, B AFFAUI Ao
AE xylitol 4L Z2AAAG §E2A2EEE A2 olste A& Yehy
N &Fol olggon, wae ys@PPIPAET 2P YuHoz
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Figy. 13, Xylito! production by Candida tropicalis using repeated batch fermentation.
Fermentation was performed at 30°C, pH4.5 in 2.5L jar fermenter containing 1L fermentation
medium. The dissolved oxygen concentration was controlled at 400rpm, 1.0vvm after cell
growth was approached to 8g/l.
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A FJAHAITHAYUE -60mVllA 250mVe B =AYt Xylitol 4
AL 100mV FEAA Ao, o] o4 WHdMe Ao FFo)
xylose carbon fluxE& xylitol B4t A XKooz WHAHL oodict
AEe &L AFLAITAAY Frbd g gutaA Frekd
100mVY o 83g/, 200mVY o 123g/1 28, xylitol WA #HS$-+=
100mV7AA & vl o2 Frtsideyd o olddAMeE e3lal ZAasddg.
A BAPI AL xylitold] &P vlXEe 4FeS AWE Az
xylitole] WA &4 WO 257 id3gd AFA9%0] 100mvy o
Ho & YeliA 2, 100mV7EA € vlalH o2 Frtsictirt o oM e &
&2 ZFAaHo], 100mVY o, ¥ & 0.16g/g-h, X P4t4do] 0.7g/L-h
Aot
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Xylitolo] tig A4 #std & A #&74 APz 4 2 o
A H7IEZRH xylitole A8 F e F59 AU $azdY Y
gol @ AFE FYstAnt. Xylitol B4 #F 9 Candida sp.9l xylitol
reductase (XR)%} xylitol dehydrogenase (XDH)9| AAlel i J+A
FFo] ol Jxeo ol YT XRH} XDH Aol 2F glucosed]
catabolite repression®l] 2&o JA Yooy, olF FEI}r] sy
catabolite derepressed mutant 5§ A@stct. Ad$ Hol@Fe Y
F A glucoses} xyloseE FAlol o] 88 + AN, glucose EA} 3}l
A= XR3} XDHS Aol wild-typed] Bldtd A A F7lsg ed, xylitol
AAE wild-type Btk 434t EF xylitol FEE AT WAL HAA
ALQo 2 M casamino acidE ©] &3 Hol xylitol B4t &0 S+
g F YAk Xylitol FEEAN A AP F71%Fe F7iol wg
xylitol®] A44e Frhstgl vt xylitol A% £€& 07 vvmdlA 080
g-xylitol/g-xylose® Hdlgt& A& 5 At Xylitol FEHAN A4 &
&2 FYAI7] HHste XDH7F B d Wol#F o Mi co-substrated]
Aol g AFdA co-substrateZ2AE fructose’} o] 48 & UALSE &
At MeE XDH defective mutantg! ®ol#F CXM-1& o] &34
100 g/Lel xylose$t 100 g/L¢l fructose7} X8 WAl 543 ¢&
E 8% A3 Hd xylitol =5 830 g/LEA xylitol 44 &2 0.89
g-xylitol/g-xylose ©l11 AAAEL 074 g/L-hr 4. E& P. stipitis¥]
XDH defective mutantq! PXM-4& o] 838t &5 £9 4 7t &
o4& o] & & xylitol 4ol ME A9 100% T&Z xylitolE d& + AN
22
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Candida sp.®] genomic DNA %448 P. stipitis®] XR &AAE probe
2 3t &A% A C guilliermondii, C. albicans)M= XR §AA7} &
d copy °lAY YniA] copye PN HFAol ¥ Aoz AZHG.
C. parapsilosis< P. stipitis®] XR Az} dEAo] oj9 Fe oz 1
A, C tropicalis ATCC203369] ¢ SolstA o2 719 band?t &4 35
He Aoz Hop 278 o] XR fdA/ EAe Aoz BAG. =g
I %9 C tropicalis M= 25 1 kb9l B9 band "ol EA3tE o Uel
ot wWaM C tropicalis ATCC203369) XR 4428 22938tz ¥71A
g& ZA3 At Southern hybridization 2#& 7|22 45 kb Sacl-Xhol
22 size selected libraryE& A x3ld 4 7Hel positive colonyE IR L
o, °olE FAA 1hE 22 AdEL: AEE s 3 Yo XR FAA
9 A& AYHAG. ANAHE XR 42 2EA 379 dHe 2YF &
subcloningdte ¥71MEE AAHADG. ZFAHY 97149L BLASTS
DNAstar Z213 & o] &3t B3 C tropicalis®] XR |22 2718 P.
stipitis®] XR #37 1709 714 E S vla BAY 29 drpzd 299
TATA Box # %3 aldose reductase cofactor 2 &%= Ile-Pro-Lys-Ser
2H s F BEHYOY, B AP & C tropicalis® XR FHA
(XRCTS)& xyrA E& xyrBetol 454 P. stipitis®] XR M=ol A
T4 BEode =& o2 Hol XRCTSE C tropicalis® xyrA 2 xyrBol
g 77t s ¢ ¢ AU
Candida tropicalis® A2-&°] 90% o|4sE 27122 300mg/ml EMS ¥
=2 H9EAIZEE 1A 30¥ 22 mutant wwl, ww2, cc2& Mdsigdg. M
¥ E flocculent mutant& o] &3 xylitol B4He st 72413 i Faty
< W HF HXE F=t wild typeol 3.7g/1, wwlo)23g/l, ww2 ©] 24g/l,
cc2 °] 27g/1 22 xylitol & wild type, wwl, ww2, cc2= 2+z}t 055,
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045, 050, 05528 el ¢4 flocculent mutant® ww2 233t}

77vA1]  cationic salt®} 57FA} 2] positively charged polymerQ A3 sto]
flocculating agent ¥7}e] 218 flocculating yeast®] xylitol A2 A%
A% ¥8 23 T dosage’t 7HF & Zetag78% cationic flocculant® 2
At wE wix] HelM 9 flocculation AU} wjWel pHe}
dilution factorel w& g& ZAF ¥AW yeast extract?} T A& 291¢Ye
#auln & 34} (GistBrocades) AlEFQ Gistex LS ferm powderZ oA
AR LTE iU HEFE @ flocculant ¥ 1] ATAA =
AR A9 A BAZE S-S EASSh Flask® fermenter o] &3
flocculating yveast® repeated batch 3R o2 xylitol AAE L stgc).
Batch ¥HEA] YeElygE xylitol A3 Za oA 8z o 8342
FEZE I AU SE HIUNAY. AXMY 11IAG FoE £342FE
7} FEEANAN FAY. o] W FENLFEE AYF o] B
H ARFLAFTHYE 2 - 3mVE FAsE Aoz Yy 2342
A g Y ds AAE - AR A9 M¥e gse g
AAFA9 Fotel wet gubstA F7hske) 100mV 4 o 83 g/l, 200mV
d o 123 g/I2 YEY I xylitols] AL 100mV 74X & vl Heg F7}
szt o ojddlM e FAAT Xylitol®] 8l AMAR 24 QYA 2E
100mVY o HdE Jehdix, 47 016 g/g-h, 0.7 g/L-h& ey}
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M 3 & XyloseZEE| Xylitol MAtS 2|5t
d=TE By 2(X3}

A1dAA

1. Xylitol®] A4+ 34

7154 Aol2AQY xylitolE QY AAAN F&5FUdEs Ae HFAYH
d84dol |t @A xylitold] YA xyloseE YE2 Zujo] 9@ £43)
Hgoz AT ot xylose: AEAHE 5 hemicellulose?] 8 T4
AELR AFURE, A, F344 43, S5+ &, ASS55 A, 17,
23 S hemicellulose 4 Eo] $5& Y8 E ARt A= (1)
FA4 98 E3A lignin?} cellulosed ¥& AASH A7lERaste xylose
€ =tk o] FHA xylanolytic enzymed °]&¥ = Yoy AA A
dAME o} FFASA o) 4=n UAE= ¥t EHY xylose: oxalic acid
MY EE ion exchange colum$ FHAA €48 & & methanolold ZA$HA)
71+ &2¥(Isolation method)Z} ion exchange exclusion® BMuHg-g o2 ¥ AX
£ ¥lE2H(Non-isolation method)2.2 A8t} AAQ xylose= 50 atm, 80~
140Ce & m3te] ZPolA Raney nickel ZFojgoz 448 wgoz
xylitol2 @@t #EEL filtrationg AH Y EL AA3I ion exchange
exclusion ¥ alcohol &WiE o]&&ta] AAJAA A9 22 g} ol
THY Aoz AL F A+ xylitold] $£8L BE U8 239 20~30%7}
xylan £ xyloseZ S 1 F oF 50~60%7} xylitol2 A& 5oz},
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2. W] BE 2@ xylitol®] J4t

7b. Xylitol 44 A2 2 480 9F& F= 29

Xylitol2 xylose?| WAl o] FIHIERZ xylosed WA 2E g 2o

Xylitol®] AAHe #3l9d+= xylose reductase (XR)9] €718 Zislsin
xylitol dehydrogenase(XDH)9 H71& Zojx=a HX o £HHE xylitol
S AX tez wizd = Wgo]l "asit 28y XRe 97t #A8
7] #18t Bz7]A NADPHY A8 2 ¥ A dAlgd e §x

NADP)H NAD(P) ATP
Xylose ————= Xylito] ———— Xylulose — Xylulose-5-®
XR XDH XK |

Pentose Phosphate Pathway

371 Y3t xylitolel XDHS} xylulose kinase(XK)& AA MIZT U @432
AR E AFF ok ol xylitold] 44 &8 ZAAIE 4o §H
22 NAD(P)HY RAAE $43te Bzrdoly EFZFL o] &3 uido]
AFHAT. 22y 5822 xylose: 6€F0l Ml AFzo Add
753 Ashgel ol EYF wMFel A% xylosed) AT oo xylitol
BAE&Eo & 9L FA €9 =g E¥IY wWFA XR3} XDHY H7}
2 Ldol tdE FSd & AE wedn gAA Qo A Hu
9. mebM HAH 9 xylitold] BAE A3t E xylosed] AT U] Ag ¢
XR, XDHS #d3 2 ¥7t9] #3A), xylose®! XR¥} XDHE AAH Busl:s
carbon flux, Ml X9 dlAle] FF& FE& 82A F ¢ @24, Fad, s
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AGEA, 718 ¥&, BXV|A Fo| @ sojol gt

U, AR 9% xylitole] 44t

A AFHL e WAE dF xylitolo] At Wiy FFE dE R
of AR 2 2939 ol&FYHo| Hojd FFEo] AHH AH234). L&
FE ol g LFEY FE AEQ xylitol#} ethanol?] A4 M2 Aubgo,
% xyloseZ} xylitol& AH @2 tiAl 22 Soj7t9H ethanolo] ¥AHE=2
WA xylitole] A FS Zado Xylitol B4 TFE 283 L o83}
T TF % cthanol® 2¥02 MYste F2 C guillermondii (56,7,89), C
tropicalis (10,11,12), C parapsilosis (13), C boidinii (14, 15), C.
pelliculosa (16)2°] F & Candida sp.7} B3 Pachysolen tannophilus (17)
T B a=EUd. Saccharomyces sp.= xyloseE o] €8x R3AY AL o)
B3R E&an xylitol YAE e Rog gelA AH xylose RHAE A}
437 R A (18). 28U S cerevisize: 7+ # AFHO N AR
FFolB 2 xyloseE ol& 715 @ AR dF23Y g, cloning & xylose
rf;ductase gene, £ xylose reductase$} xylitol dehydrogenase gene® %
AHAFAA xylitol ZEA AE3t3 Ath(19). 718} Schizosaccharomyces
pombeE °] &% HYNME xylosed] 22+ FAHY xylitols] YA F&
ojoj g Aoz w3 HAU)

XyloseE ©°]&% WEAM Q& F e HAY &L i) xylose
reductasee NADPHTE Ap£-%tc}. ii) xylitol dehydrogenase NAD %H&
Atk i) NADH: HadgAdMw AY4adc. ) fructose
-6-phosphates 4F8ld Q9@ <143}t wH3-(oxidative pentose phosphate
cycle)& T8 AF Adzdch v) AXe Edid FFsA Fed vi)
ATPE xylulose®l 1413} whgolgt A} dthe 7FQ o Al w84 9
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3t 09 mol xylitol / mol xyloseZ o|&X o2 AAHALG). A= &
2o o% WEAAME xyloseZb HEW thAlo] AEEHZA @I xylitol2 9]
A§Rt oo A TFE&E VBEAYLEZ £8L 09~1 (g xylitol/g xylose)
€ Holn oy MEY xylose reductased] 97} 2 L NAD(P)HY A
Bk, AE 712AL FRlo o d dade ZAZ YA ol Rol A
FEe A Bz J1A R EFXD WG] FAS A7 TR AYo] H
2 A AZF A% o7 HEA A HE RS HFY xylose
reductase®] %7} 2 L NADPHS A&, AX 712dAL f2lo "e
@ gx4e] A7l Ha: 3o XyloseE «xylitol2 HBAAFE xylose
reductase= F 2 Pichia stipitisdlA fFeHE B42 A2 A2 HF =
Zldle 443 LddH 97t oy A XY GAA 2 wd promoter?
ZAZ xyloseg xylitol2 ABAIFIE e Es g7l oA AL
vetdg, £8 NADPHY AA4H AX 712dAL fRlo 283 @42
EE BEVEL xylosed HMETUES olFE JAl £ A#sd xylitol
AP E Folz=ae 80 HI xylose °l9 @AY diAllA A7|e
FAEQ ethanol® ZHF H714F £ AlXo g A/AA A4 7
A7l ¥de] H3 Qo] oo iy A7t AYF Ut

. 718 v &) 9@ xylitold] 43

Bacteriadl 21§ «xylitolel A4t Enterobacter liquaefaciens(20)
Corynebacterium sp (21), Mycobacterium smergmatis (22)59°] W3t
T7 S E. liquaefaciens®] 75 4939 A¥2o=2 100g/Le xyloseol
A 33g/L9 xylitol® ¥& & UAY. Salmonellad) A AFL 3goy
(23), filamentous fungiS<¥  Penicillium, Aspergillus, Rhizopus,

Gliocladium Neurosporas < xyloseg& A3 &o dAitsie 5482 71xxn
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Aot Fusarium® S 26719 straing 7HX3 HE¢ A 17kx] &%
xylosedll 4] ethanol® AAtste Heoez BHHUY(24). Petromyces
albertensis= 100g/L xyloseol A 10¥te] €& F 40g/L9 xylitolg A4t
89 tH25). NADH/NADPH® AAAL 9std =AY Candida
pelliculosa®} Methanobacterium® Edujdo] A=A}, ol vy E
S o] &3 Wy o] EAE o] &% aA: WEUIAAY xylitol AT AF
532 it Xylose dehydrogenase® A 3}8t xylosed xylitol2 A FA
Flo Z2FE 20 NADP)HS 84S 938t methanogene] 43} &9 &4
HEAE 2 W] (2084 ExFE RXV]FR BLE xyloseWE HZE

7132 AHg3te #g7ld g 4¥xs YU

wj
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A 2337+ As 2 3y

1. 48 4=

7. &F

Candida guilliermondii ATCC 6260, Candida tropicalis ATCC 13803,
Candida tropicalis ATCC 22336, Candida parapsilosis ATCC 220198 7}
A3 xylitol s 4¥E AX HAHY C tropicalis ATCC 138038 71|
I 489S FY93A

4. 25 28 9 AwP

TF < yeast extract(Difco, ©l3) 10g/L, bactopepton(Difco, ©|=)
20g/L, agar (Difco, ®l=) 10g/L, xylose(sigma; Pl Showa; ¥£) 50g/L
7t Z39 YPX plated] =2 ZFAA ¥ 4TCoM w@sHd. @59 g4
FAE #5to /0ol AQGE HAEAT HER lFS A AL
10g/L yeast extract, 20g/L bactopepton® YP medium®] 20g/L ¥ X% 3}
50g/L xylose€ #7}3td e wiA] o] ZF & platel A 23 loop(Difco, ¥l
)2 HFolA 2423 G F AHESI Eue 2elde 10%2 s

t}. Flask Wi ¥

100mL8] YP mediume 7|Fo2 AYd wet TEF3 xylose¥ &
& gastd AygEAd. 27 AXEEE A LHoks:= AL
flask IS AANTE F A Ho9 wdd L HEFsYch. 200rpm,
30CE FAsY G G71(FZFE7]7], ) A3t w g3l
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2. A9 Wig R 714 MG

AguF 2 F7H wiPe 251, 5L jarg AMESte BAV(FEEE
71, &#3)8 AH23td g HAE YP medium$ ZlEoz2 Aol
ol X937 xylosed ¥5& 23 dagdoz AgEdg Fa9H
garele 02 FFsd FYsdct 27 FFEEE 05~1g/L7F HA 3
Ao, 2= 30CTE F2392 pHE 2N NaOH®F HClE2 =43t &
713 mRE&ze Ay wet zAsPch KM HiFA FHLe
700g/L xylose &9 S A2 YD FYL digital pump (Masterflex®, vl
)E ol gty LA Ao wel {48 M WA xylosed] ¥EE
ZA3Yh. Scale-up AYE A AE&F PAE S0L LAY (3= LA,
¥F)E ol g3t FYHYL HEZDL Y} T

2. 4 ¥y

7t. ¥4, xylose, xylitol xylulose ¥4

1) HPLC

ARG IS 8000goAM 58T 4AHEE F AL 4Fde 4 299
=7 50g/LAE HA A & ¥ HPLC(Knauer, 54 ; TSP, #I=)& °]
g5t FFsHek Coumn ¥ 4 =1L 93 v Aminex
HPX-87C (Biorad, "I )& AME¥ 3¢ &v& 33 F754E 06mL/ming
2 EHRN column® heater® AHE3td 8T=2 FAFAYG. Tx=3FH
xylose, xylulose, xylitol®} retention time2 2z+2z} 10%, 11¥, 13%, 21% <]
2}, Carbohydrate Analysis column (Waters, 9] 3)& A18% S &ojs
33 FHF+Y Acetonitril g 85152 E 3 2mL/mine 2 FHFYUR 4
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2o A FAsA . Xylulose, xylose, xylitol, £:%9] &£02 £Zx5o
$ 1 retention timeZ ZtZt 4%, 58, 7%, 128 olAt. HZ L refective
index detector® AM&3tA L Z peake] WAL oz 7 EF JFHEL o
43t T2 HEPAAYG. BEEFHE ol AY o vjo} Pt ALY

2) Bail‘s reagent

daeF viAW xylosest xylitol ¥=& #U30] xyloseE F¢3tddot
e f7H wigAl HPLCZ &#40] E7153 3¢ xylosed %€ Bail's
reagent (Sigma, ©|=)E AH&3td AHF3A k. Omicol lg& 250mL HClol
3 F 25L& FeClh® H7tste] TE Bail's reagent ImLoll 45
10048 718t Fe 24 1583 ¥gA F 470nmoly SAF &3
EE v ¢80 ¥ BEEFHE o83 xyloses T2 A3 &
A £35< 107100 g/L7HA HHH o2 vddE FAE 2Y

3) Xylitol/Sorbitol kit
qE FE9 xylitold FAsc=dle D-sorbitol/xylitol kit (Boehringer
Mannehim, SY)& A& wrg4L gy o,

Xylulose + NADH + H'

Xylitol + NAD"
SDH

NADH + INT + H' : > NAD" + formazan
: diaphorase

SDH : Sorbitol dehydrogenase
INT : Iodonitriotetrazolium chloride
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U #sx

ZAFEE AN AHAF uigAe HGF vz 34 5o
spectrophotometer (HITACHI U-1100, Hitachi, ¥ #)& 600nmel A} optical
density® &3¢ ¥ vle) 7¢ @474 0227 ¢/L-ODE Fo FahNh.
Optical density= 0.30 "l 2ollA ZAHE gte& AHEsiA.

t}. Ethanol 5%

A& FXE gas chromatography(M600D,d 123, &2) 24
%. GC colmune 2HWP/10PEG20MS A}4319 3 carrier gas® AL S
50mL/min2.2 F2{Fo] A48l I flame ionization detecter(FID)E A&
3 FE3AU . Injecter} detecterd €XE 200C, colmung &%= 15
0CTHUL F2E 20kg/cr, F71€ lke/ard] FFo2 Fa FAch gze] A
£} ethanol EE& o] 2%(V/V) n-butanol€ internal standard2 3 7}a}
o NESt EF8A9 peak ¥ol& HIE H4Heo] ethanole] ¥ =& A4S

(e
o
o
)
)
¥

T unsteady-state methodE ©] &3t Fatgr}.

A7tg ZEviA ) N gasE Boldo] 028 AMAsH DOT
E 02 %e ¥ 379 au&E, 7oA At @& DOTY e
Z3T F o4 e o)83d K. P

o 3
5
=,
g
3
to
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A3F A+ 4% 2 33

na

1.5 Az 2 25 =34 ¢

7. 2953

2 A7 7 BFHE 28 £&7% AP o2 xylosed M xylitolS A
Adste Aot Qg Heoe GANTT HAF xylitole] Yoz HE
xylitol®] FEE 44 Aoz U rd Pk £8& WAF xylosert Hof
¥ o0& X, & AX9 4% ¥ maintenanceol A ER &1 xylitol2 A
gHE w2 F£E€& d& F Ut aY xylitole AE AR 7aAQ
xylose®] WA}l  FAEAZ  xylosest WlAlHojorst  AMAEHE =
growth-associatedt Al AAtse €22 ol2d F ¢ +£&& HolxA drh
3y MES dA x5 @A HEA0) Folroz YA Frls
A g &, 443 £ A2 yhdld] @A YA " gdIdM AdA
o] ¥ BAHWUTE BF UEAI|7Ie #aALEE T4y SEAFE 9=
Al7lE 7183 $E 2AE A7 &9 Xylitol A4tsol $43gn
&8 Candida sp.8l Candida tropicalis 2%, Candida parapsilosis,
Candida guilliermindii 5 <¥lA8E& AA 7} xylitol Bibso] $+%
Candida tropicalis ATCC 138032 A&t APl AL& A,

ox

. 2h A

Fig. 194 & 4 QUAX9°] xylosev Ctropicalis® membraned] Y&
specific transportercl]l 23] AXUZE o]F® ¥ NADPHE ZHAE A&
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g xylose reductasedl &l# xylitiol2 ¥ggch Wgd xylitole A X Ud)
B FHHY] AL Hog WEHANY NAD & ZA 42 AME3EE xylitol
dehydrogenased] 9l&] xylulose2 W& o] ¥ ATPoA phosphateE
o}l xylulose kinased] 98] xylulose-5-phosphate2 W#s5lo] pentose
phosphate pathway®2 F°17} AE thale] ALggh Xylitole] 44t +&&
Eol7] Hdtode MEUYE o7 xylosest AH xylitol2 APY F M E
oz wiESW 71 oA oy xylose reductase®] & A ¢ NADPHE
ABAE £ de W] glenz ol Eriesid. ola @ olf = xylitol
of Za¥ 19A AA Hrgoly FaH Aito] EisEn Aolgle AxX
¥ NADPHO A4 system? @2 233 e FAANAM sMssich o
A Huo LAWY S BRI|Fo] xylose} FAlo] AETWE o]FHo o
vzl BAE 2 AFY Eolst xylitol A4te]l We @ NADPHE FFsln
xyloset HE xylitol2 AFH F U] P4 F2F Eo71x ¥ MX
Bez wMAYLE oz oy AFE thPsA FYPFITH27~31). o]
Aol 7A5dtald AA, xylosest HZE7|Ao] EAld] AXUE o|FH3
o]F & A&A Fn EA, Bxr|Fde dAld oy A4 xylosed
xylitol®] H&o] 8@ ALV M2 SYHolm w7 Ao o8] Asjpa
gfotob gtk aEy 71 AAEUE BRNEAE A4 £ Y TEGS
xylose transporter& A 33l3 xylose reductased] WdE 2 9rlE dHolx=
dotn gl Ath32-35). 28 & BE7|AR acetic acid R ethanol
& AT tAbE AMEte AeE dA Qo] REVFBE HIEA B
g Roz2 AZEd. g & BRIEE AAESR ¥ xylosed off
3] NADPHE A A4tste xylitold A48tE system2 M g3tQt,
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Fig 1. Metabolic Pathway of Xylose in C.tropicalis
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Xylitol A4t F&& Fol7] A& =23 AxZ A4 FIFE AH3A
o Atae FFE JASA TCA cycled] ¢@8& Hoj=2] ATP level® ¥
oje] MX AFE ¥ 2ELS gl FE xylulose kinased] H7HE
w3 FAldl NAD/NADH ¥l & ¥9 xylitol reductased] 9718 Aojg
F Atk o]} o] M Ao o]BHE xylose fluxE &H3] LAE
B A FEFFE 2AHIHA xylitoldlA ZdetAe A X W xylose fluxE
oAl AHZE wF ol Hd £&< 09 g-xylito/g-xylose® & A
& 282 &% Growth- associate 8tAl YAHE xylitol S MX S 43
glo] MEEZ ZujAy o] &3lE xylosed bioconversiono & JAtstE AeF
& H3do. AR Aol oz AAZoAd HES xylitol 44T A
E2E oygAztEd, o9 AHAEZ xyloseE A8 xylitold Aitee
xylose Bl A2 & 9} xylitol Ml YASEE ALE3712 st

AA4E &9V St LAANRE Fole AR FRIG. LAEANGLS
A X9l ool wiEe FHolAU &5 xylosed] YEBHY FHL AX9
A& WASIEZ NEFErE Rof FATo] 2280 AZEFEE &7
AAstd xyloseE AH&3E F&o] RFolXm 2 xyloseZt obd FE 71AY
glucsoeE A48t M X9 ¥ Z £IYE two-substrate ¥EE IU3IY
o ¥59# xyloseZl Al &A% AXs X3 WA o]8szn X
E3o] ndd ¥ xylosed o83 Aoz ¥ oz WA XY
& o83t HMEY FEE &Yt AX YFdAS T ES ATE o F
3to] xylose® xylitol2 AE Al7)& 2dbd We& wadFos Hdsg

1= P |
AR 294 wkgel 7B wazxdg BHdE 4YE Y3 2R
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o] 25 % pHE 34 42 529 H3golat ¢eizl pHe, 30T 3
A 7t FaE AL FIFFE 1A viYGRH ¥A FEZFE &9
AYsr1z HUD 28D SUPL o8 @ A4Y B 5 Us FAEQ
ethanol, acetate, glycerolg9 A4 ¥ 1 o] && #IFYY Fig. 2& g7l
Hog HXRE 71& AFolt. A 16g/Lel ¥x=FE o83t 45g/19
AE ZAA3A T 9g/Le ethanolo]l AAEAT. ¥71F wigelr] wFo
Aol Bel Zln X &5 %o A9 ethanolo] AN
o 239 ARAE xylosed o]&& T[AHZA Ygton ¥xxFo o
o] BY™A xylitolo] A=At Xylitolo] A HE Aol AX ¥
L A A3 AAE ethanole o] 8HA & wjAe] Folqddl.
Xylitol BAF& S 05g/go 8 Ik 25g/L9 xylitole]l BA = =4l 7043t
ol "t 3 A4S BA Fig3e WE7INA 400rpm, 0.67vvme
2 A2FFHE 52 4¥ET Foolgd. XxFo| ARHE F¢ ethanolo]
YT BAE etahnold xylose WAIHA Fol AR HA Fd, ¥
gol tAl7 BY ¥ xylitole]l AAERoY yieldsh Aabde] ko A
FEFHel YT ol AE9 Al £%=7F oA maintenancedl] oUW A A
27b As7] dEe 83 gAgel ¢ Roz Azttt Ethanolg A
J¢ BE $uETY 44 BEHA YA A2FLAL 23 o S
dgsAch Fig. 4& ¥713% AWPLEE lvvm, 500rpmo 2 A¥g A7
olth, 9] He} o] XxFE MY WA oL ThF xyloseE o]
331 viAgtez ¥EG date FAEZ YAHE ethanol® AHEEHE
2 eyt X9 AXe] JPd ol &HUT o T xylosed o]
S AR Yo} I=FE AXE AAVNAR A4 HFEFE ¢ 5 g
At

Pk
ok

o

o]

op
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Xyfosefeedng

D o o L6 b2
** 5 3
.J N’
= ©
£ 151 L2 fo §
& g 3
3 | =
6-10‘ "8 3 "6 q
P T
© =]
. m

5- L 4 L 3

0 | 0’/’r0—174&»:«4>u0~4i”"4>¢0 0 .

0 2 0 ) ) 100

Fig. 2 Anaerabic flask culture at pH6, 30'C and 200rpm. Xylose was fed
after glucose depletion. (@ optical density. [l glucose, A xylose,
¥ ethanol, & xylitol)
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Fig. 3 Two-substrate batch culture at 400rpm and 0.67vvm. Volume, pH
and temperature ‘were 15L, pH7 and 30C respectively. (@ optical
density, < xylitol(g/L), B glucose(g/L), A xylose(g/L), ¥V
ethanol (g/L))
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2]

8
Glucose, Ethanol con'c (g /L)

Optlcagiensny
Xylose, Xylitol con'c (g /L)

8

Fig 4 Two substrate batch culture at 500rpm and lvvm. Volumn, pH,
temperature were 1L, pH7, and 30T respectively. (@ optical
density, < xylitol(g/L), ER glucose(g/L.), A xylose (g/L), ¥
ethanol (g/L))
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20g/Le] Xx=FE o|8% AXHY &2 043 g dry cell weight / g
glucose® YRHAQl BRO £8&37 FAdHPon RAE2E 8 g/L9 ethanol
o] 4AHUY, EI=ZFL A3 AT F xyloseE o] &3 xylitole A
A3ttt BioRad Aminex-87C, 87H columng oj&3led EAM§ Az
xylitol®] A8At#73 F ethanol, acetate, glycerols WA B4+ ML
52 Attt XyloseE ol &% xylitol B4 SAAA HE AM FZe
109 g/L7} %748t 0.098 g dry cell weight/ g xylosed] ®¥<& AX AA
€& ¥ 94E xylitold] AL 0.75 g xylitol/ g xylosed & +&&
e xylitol Aol F8&8 F4E BT TEG HadAM A4
ethanol& xylosetAHA] o] o] 85| ¢Fo} xylitol A4tel] A48 NADPH
o /A Bx 7]AZ A8 BE/tsEez #HHA} Ethanold xylose
7b 25 2528 o] ¥ 71A2 o] &3 A0k 0.75g-xylitol/g-xylosed] ®& F
&3 33 g-xylito/L «hre] AL 2o 7]& dazdE& pHE 30T,
lvvm, 500rpm, £5% 20g/L, xylose 100g/L7} &+ ¥ YP mediumeo 2 &
.
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2. 34AA9 4% 23 ¢ HFH3

7l 49 53

Xylitol B4tel 2 F%FE F+ AL A42AD oo 71ek A<}
| ol %ﬂ@t‘Qi%@ﬂ3&,i&ﬂ§@&ﬁlxﬂ%e¥)WMMQ T
(39,40), &2, £1H41,42)F MEARF A3 A](43), mineral(44), vitamin(45)
0 A7IAE FEMUOT o ATHAG. YE 2vA HERFHY 27
Aoz A d%L FE ¢4 d5-EL YA

Sl Eol 2% xylitol Aol 713 F28 2AAAE ArAY &5
oltt. MEUWINA xyloset Ata7t $83 FIFHYE xylitol2 BYY ¥ 2
A 4 AYEZAE AA HAE 4% 9 ATP A40z AL45Ho
xylitol B &0 Zadch AXuUolA xylitole] fluxE xylose reductase
o] Z&a4<Q NADPH A4t 2 M X maintenance WXl Wag FE

FE5 3 XRell os HAE xylitole Axvtoz wag = YA =3
Holol && xylitol F&¢ 4& F Utk o2 g o4 HA HEE Yz
g3 B3HE olgFHd FF o€ Hu xylitol AA5EA 09
mole-xylitol / mole-xylosed] 7}7t¢ &€& 71x]7] YldE ArAG &%
o AAZE FLY AXE AL/ XY @238 HFwgo 2R3
T Aae AEZAFEE Addsan xylitold £3, wiZ2ANE ¥ 39
xylitol 44k g9 4P WAL MY & 20 Bk 2} 88 ¥
°]7] Adtd FEZ J4 FIFE ALHY @i 5FL xylitol PAro2
AP} A dube] A& Ert 2o Q4o doixAl drh wakA
B4R &€ BEF FUAE & de Y F UE Y JaAG
28 T3 A4YE Y.
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Pl BEE °]8E xylitol Bite] FHF Ut xylosest xylitole] £e)
4ol gaglde Held. #ata 4L 71AQ xylosest ¥ < xylitol
of ¥E ¥ UARF H|EZ HYG o]FTH glo] o] £ TAL Restool &
o a2y 33 ngog MAEH xylosed} xylitole H|£=% 22 . 58}
A 4A& kA EEEHol gz AL ol P AZnEaY
YRez Fost FAE n Uvk WEIEH FHL uAYEo] xyloseS
2 TEE xylitol2 A3 viR] Fole xyloseZ7t BolUA o} £
R A T A ol FHE o] &3] Y WERFAHY A
gol S ek A} AdEBo]-Fo] Yot A5 FH L 1 ¢4
TR AHEEE UAES o83 A TAHY FH T FIAI olAA
goh w2ty de A" wGd B f7HY wFe HdYsidol s 2@ A
A€ gol7] Astoe T ujFo] BL 7AL AYAY § ojof §
o ol2id HE st 7]A9 Fxel @E xylitol A 54 WS @
#3t Aot

E3 Xylosed 998 &3¢ hemicellulose hydrolyzateo] = xylose ©]%]
d & BEol EolUd. A drtE By 9t S HAHA ¢
< xylose syrup2 2 4¥E& & A% 7lek & FEo| xylose Rho| FE
FYS #A&r] A3l dEHeZ AT dAIE A#SAY AL 5oz
A v F22 U2l arabinosedE H 713t Ao g 2agAYe
7184 A< pHe FFS AHEstd,

Y. pHO 9%

YP mediumell ¥%% 20g/L9} xylose 100g/LE ¥ X lvvm, 500rpmS
2 AL FEFE nAYsD 30CAM 47 skt pHol @& xylitol YA
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4 oA ETE AYY 209 8-S Fig. 59 Yl Xylose Bl4A %
%% (specific Xylose consumption rate)}= pH 5, 6, 7°] 047~0.50
g-xylose/g-cell s hr2 A 9] vl&£f oy xylitol Bl SEEE pH 63 79)
041 g-xylitol/g-cell » hr2 ik wets AAH pHe FEdAM 7 =2
0.81 g-xylitol/g-xyloseE 29¢ pH 622 A3Att pHol W& vA(EE
o Aole AY AN 53] xylitold] AAEAA 2HA phaseoj A2} 84
FEEE 0035~004 hr-12 o) ekn pHIES zole AHe A ol&
o2 §& A =8 FAY F d2TIE £E3A Ax 4%
€ U A xylosed xylitolZe] AF +&& Fuisstr] A 4
ol Mo sl Aol HAEAHY £x & pHEUYE F7d o 2
FFEL e Aoz PZyojAu

A< pH 6949 H4d AnE Fig. 63 2ol XE3E o] &3 AXY
A Axe) AL JAFHD xylitole BAE @A ) FEo
Hi o Aggd 59 drte] FAEZ AAo] HAow xylosed o
Ao AAEA gkth 104g/Lel xylose7b 22A17toll 84.8g/1.9
xylitol2 A g5 o] volumetric productivitys 3.85 g-xylitol/L * hro] it}

YerH o 2 xylosedl Al xylitolS A4tstE= 44 wiA pHE ZA 45 3
o] pHS 4~58 ZA 8. 2=y C parapsilosis 73 pH 4.75(47), C.
guilliermondii®] 7% pH 6.0(48)¢] Candida boidinii®} 7% pH 7.0(15)%
w5 e & A3 pHrt B3 HYE A ujYE HE F8 FA
2 2ol xylitol 440l FlAE e H'Y AHAA dFgroe Y
2 @& 2o Jgoz AZhE o] W rH(41,42).
Xylitol AAAdel AH HAdE xylose reductase (XR) ¢+ xylitol
dehydrogenase (XDH)S] €983 HYPA4+= b33 2o} (548) AEXW pH
7t ¥+ 5 xylitole] A EHE W02 W AP,

Hﬂ

i
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Yield & Specific values (g/g-hr)

Fig. 5 Effects of pH on xylitol production. { & volumet':r'ic productivity
(g/L « hr), xylitol yield (g/g), specific xylose
consumption rate (g-xylose/g-cell massl » hr), specific xylitol
production rate (g-xylitol/g-cell mass ¢+ hr))
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a
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Fig. 6 Results of two-substrate batch fermentation at pH 6.
Volumn, temperature, agitation and aeration were 1L, 30C, 500rpm
and 1vvm, respectively. (@ dry cellmass (g/L), Il glucose(g/L), A
xylose (g/L). O xylitol (g/L), ¥ ethanol (g/L), O Ln (dry cell
mass), A specific xylose consumption rate (g-xylose/g-cell « hr), &

specific xylitol production rate (g-xylitol/g-cell - hr))
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Xylose & Xylitol
XR

K, = — LNADPl xylitol]

= =10"
[ NADPH][ xylose]lH"]

Xylitol = xylulose
XDH

_ _[NADH][ xylulose] P _
Ko= [NAD][;‘M:.‘M (H']=2.7-5.8x10"®

a2y AE9 pHe HMEW H+ =& WHE3AA & HPdA A
FFE A7) Hoae JAEHA HAEo dAdH R HEY oFd FFE
Fo] & % xylitol HIBAESEE UGN Aoz Ao

O mwixe] 9%

Xylitole] WA EE AA2AY AElE micro-aerobicd A e 2 vy 4t
A2%EE HAEZ JYebd DOT 1% vlTe] sojok xylitol B A
ZE7t BTH49-54). 2u AHAFTFol AdE Lod AE slx dAbd
FEFE Fol HAEW drAIESY B £5& "HozgA dd. ol Zo
A xylitol AL H3lde AT P AaHE £EE FABIAqo}
s ol DOTE 7HAlx ZA377t o282 AUEEE olfste =
Hatna Hd. F71FYFE 1 vvmH 2vwmo R {FXstn A& EE

g23lae o daAg &5 45 AFE Fig 7% 2o
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1.6 1

1.2 -

K[, (min™))

0.0 T T T

Fig.7 Oxygen tranfer coefficient (Kw) in the YPX medium at 1L, 30T,

pH6 as a function of agitation and aeration. (O lvvm, @ 2vvm)
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wEZe aRkrie] EAd we dxde £%r1 @8y BrREgE
S xo)] o8 of & J¥E v Aoz vwEAHY.
trAGE o] FEFE dolry] Y3t YP mediumd] X592 H71s1A]

% xylose?hg FYd @Yo o 100g/LE H7bsta pH6, 30TellA
Agsdct 2 mpmellM A ¥ wE ZE Fig. 894l Yl Fig 82 1
vvm, 500 pm2 2 Ag§ ZAuolt} Z7|dlE xyloseE o]-&5td MEI AF
e ME7 4std DOT7E 1% vIte2 |2 5= micro-aerobic AHe]ol]
ZE3d xylitol 840l FAIAAE g AF T + AUt AP 382
g/L+hr2 Egtou xylose7t AXeo Aol Algso] £8o] 062
g-xylitol/g-xylose2 Rolzth vt £5& oA AYE AFgdMT vp3t
7HA 2 27) ME] Aol dojvm dAF AR AAHH AdrHPol
Ao xylitole] 4= AFR&AG P& E Gejstd 4L 4Y
ZA e Table 191 A3 gt Table 1914 Be uls} o] awtEc g F
7t 45 DOT7E Rotzl FedME s34 ert 714 FAs=st $718
i oA xylitolsl 44 F&o] DoiAA HUth 400rpm (Kia=0.484 min ')
oM vldRFEEsF 00061 hr'2 AES Z7 A AR xylitold] $€%
7H¢ =koh a2y 2dA gaRdHE FAE Fe A3 aNEx2 500rpm
(Kia=1.06 min )& &L 2 o2& A, 500mmeol 400rpm=Th xylitol
F-go] Yoy} ol WA Ayt xylitol &2 DOT/ 1% vl#te s Hojzle
xylose®] HEGEANHE 12]3lH 400rpm3} ¥]wdte 068 g-xylitol/g-xylose2 #
2 @1 X, 713 F AXAAH xlitol2 AR Fu AXY ZlxdA 7%
#2lo] A" ¥-E& nel3td S500rpmel WAZlE FAlol AHSHE xylosed]
Fol AL HE &5 AN AR, FAE YAF] AR 71FE HPs= FH
A AL AR F93He xylitol BAANEES 500pmollA 03 g-xyiltol/g-cell
+hr2 400rpmoll A2t o & A4EE 718 5 v "ol
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Fig. 8 Results of batch fermentation at 500rpm.

Volumn, pH, temperatureand aeration were 1L, pH6, 30T and
lvvm, respectively. (@ dry cell mass (g/L), B glucose(g/L), &
xylitol (g/L), O Ln(DCW), A specific xylose consumption rate
(g-xylose/g-cell mass* hr), € specific xylitol production rate
(g-xylitol /g-cell mass « hr) «oevoee DOT (%))
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Table 1. Effects of agitation rate on xylitol production by C tropiaalis
ATCCI3803 at 30T and pH 6.

400rpm  500rpm 600rpm 700rpm
Xylitol yield (Yrss [g/gl) 0.68 0.56 0.49 034
Cell mass yield (Yx/s [g/g]) 0.019 0.23 0.30 048
Maintenance (1-(Yx/s*+Yrss) [g/gl)] 0.301 0.21 0.21 0.18
Speciﬁc xylose consumption rate|] )
B 0.35 0.57 042 041
......................... (9 [g/8g * hrl)
Specific xylitol production rate
0.27 0.30 0.22 014
CENEZEA ) N
Specific | pejow DOT 1% | 00056 0049 0064  0.078
grOWth rate ..............................................................................................
(u [m-ll) above DOT 1% - 0.329"“ 0.338 0414
Fermentation time [hr] 53 195 195 19.5
Final dry cell mass [g/L] 2.64 249 327 51.5
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2l. 7] xylose %<9 9%

7t 271 713 Fxd @WE 2HFE AYE FEF 58, 72 Hirngs,
xylitol ] A& E ] ¥l Fig. 99 2o 7] xylosed ¥ %7F 100 g/L
4 d 52 R 71EY HAEEE, xylitold] H] BAEE BF Hughe o
Bl 71389 ¥57t S7hstAY gastd o gEse) BT Zasidu. o
A YL HE TFE 08T HYIME 22 4L Bojn Yoy 3
Ao s=v ¥F € 4% "2 284 ol W@k C guilliermondii(2)
o] 7% 200g/L2l xylose ¥ oA 022 g-xylitol/g-cell  hr2 H 32| u] A
AH3E& &L 300 g/LolA 0.75 g-xylitol / g-xyloseE B At}

ge B Y& C tropicalis(20)= Box-Wilson o2 A4rs 3
A xylose X7} 172¢/L2 23 HU} Xylose B|AREE 2 xylitol H] A
A Sxo Wste 1A =7t FUgel " o gsol ZasE sy
Aoz B 5 Aok 2 A9 s1AAE g4 sty
300g/LolA Aol A d&d 71A AHPY o) thE 247} A A
< 443 + Ut
RA, xylosed] xylitol29] A FHF ARMEZF ZI71FL 6~10g/L2 A
9 ztol7b e HIPZEEE FASIROY $80] 71A9 $E7 27Hg
od met FAasAh F AEZL xyloseE AE3E £59 xylitole ABAHsls
BhE gk ZojAE o] ohEt MX AH fAd ARHE xylose %o
TS & F U ol Rep #Ft UiBA T 93 3¢a L 9%
osmotic tolerance7t Wo} @39l diab Autel AYP£er} FAF Row B 5
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Fig. 9 Effects of initial xylose concentrations on xylose
consumption rate and xylitol production. ( [ | xylitol
yield (g/g), H specific xylose consumption rate
(g-xylose/g-cell mass «hr), [l specific xylitol production
rate (g-xylitol/g-cell mass « hr) )
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Fig 10 Effects of arabinose on xylitol production. Operation conditions
were 1L, 30C, pH 6, lvvm and 500rpm. (@ cell mass (g/L), I
glucose (g/L), A xylose (g/L), @ arabinose (g/L), & xylitol
(g/L), O log(g-cell mass), ¥ xylitol yield (g-xylitol/g-xylose),
A specific xylose consumption rate (g-xylose/g-cell « hr), @

specific xylitol production rate (g-xylitol/g-cell * hr))
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#1 max @ 0.56 hr'
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Fig. 11 Effects of ethanol on specific growth rate during cell growth

phase. (A specific growth rate (hr’'), - Luong equation )
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fitting & Zzojc},

EEF YAREEE 053 g glucose/ g cell-hrall A 0.32 g glucose/g
cell-hr2 W3t 1 ethanol Bl AYA&ETE 015 g ethanol/ g cell-hreoj A
0.04 g ethanol/g cell-he2 wW3to] =},
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Fig. 12 Effects of ethanol on glucose utilization and ethanol production
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(g-glucose/g-cell mass * hr), Aspecific ethanol production
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Fig. 13 Effects of ethanol on xylitol production during xylose
bioconversion phase. { A specific xylose consumption rate (
g-xylose/g-cell mass * hr), € specific xylitol production rate
(g-xylitol/g-cell mass * hr), —— logistic equation for specific
xylose consumption rate, - - -logistic equation for specific

xylitol production rate)
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Table 2. Effects of ethanol on xylitol production

Og/L
Glucose
W/ ooy ool 208/L 40g/L 60g/L 100g/L
fermentation produ'ctxon
period
Ethanol
&/L) 0 0 6.7 125 184 27.0
8
Final cell mass
/L) 26 11 28 23 22 39
g
qs
0.57 0.57 0.51 033 0.24 0.19
(g-xylose/g-cell « hr)
qr
- 0.39 0.41 0.25 0.14 0.12
(g-xylitol/g-cell « hr)
u at xylitol
production phase - 0.04 0.03 0.01 0.01 0.02
(/hr)
Yp
0.58 0.62 081 0.72 0.63 0.69
(g-xylitol/ g-xylose)
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1.4,

X9 dt — 42 a
1 dP, 1+(Z=)°
X9 dt =4pm 0

specific xylose consumption rate : a = 0.41 (g/g * hr)
b = 325
Xo = 11.36 (g/L) 4)
Yo = 0.16 (g/g « hr)

specific xylitol production rate : a = 0.28 (g/g « hr)

b = 6.89
Xo = 1219 (g/L) ()
Yo = 012 (g/g * hr)

Table 2914 Jeld uie} o] 89 W E ethanold s 43 2
FFe LA FRT. Xylose HIARE TS xylitol A& E] e o
T3] ethanol Xl H| &R 3 2L FEIZ logisticdt Al ZLrsE RO
2 Ho} AHZI} ethanoldl A= A=7AE WHEE 7HA allosteric & A
ggsle AE ¢ F+ U °o]E Ho} ethanol2 xylitol AAtell BA3te
54 % enzymed Adste Aol ofiet ME Hute AL EE allosteicst

A A& ¢ F AU
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%, ¥R dBdlE A g3 9ed) 44aE xylitol¥ e 2 HEATS
2 U+ volumetric productivity (Qp)2 Astgcth F WEAIZFS xylose
bioconversion A17]19] lag time2 ethanol?] ¥ %o A#ge] UdAsickE= 7}
Ao 2 cell growth time3} xylose bioconversion time® #o 2 Jelulgic}

_ Py _ Py
O T~ D) ©)

ErFE ol88 AEAY DAY AXX), 713(S: : glucose), BALE
(P1 © ethanoD) 9] 242 (1)~(3)& Al&3 %t Xylose AFFA A2 n)
BAS=E AR 43E FAGE FHolx Hal 4 A ofe e gt
€ 7Y AAdY £57F e FS U ¥ #AE ggonz Ay
Axtel HFFQ 003 hr'e] A4z g,

“;—"=/1=0.03/hr )

71A(Sz © xylose)d] ol-&& 24 ()& WAE(P; : xylito))2] o] &2] x|
e A (5)8 AHgEdnh EEF $E9 S € 5~100g/12 WA ANY 4
At Runge-Kutta®t o2 v 29N & FA8431e ztztel gagde 73t
Aok B EFAA Y 27] 28L& Xi (/W FFE)=1g/L, Pi = 0g/L, Sz =
100g/L, Pz = Og/L & 3 h
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Fig. 145 2599 57 8% 4 AE 4FDAd AT ZAsE Xo)
o} L HAIZHL]), ethanol®] FE(P)E YEY Holth X =S 7[AZ o §
e FAAFdAAME 27 EXT Lt St o 2aAd, AXFE,
ethanol A #Fo] 2F 7t A2 2 F712E ethanolo]l Aol ot 2
23Ad. FHA SAA xylosed] AT ZAX2, t2, P2)& Fig. 15
o, & YAA, A4S simulation ¥ A= 1YL Fig. 169 FA| 5%
o2 229 F=AAE HF xylitols =7 An2 YA e Re A
X%t ¥ A$ xylitol 80 7] AXFEEIN} A& A sEtd =3
w1 AEZFCZ xylosed] BFo]l FEHO ol HAbo] WA,
Xylose®] ABEANTITHFT AHAEZAFFL 5~13g/LE AAHJNXz in
Fig. 15). 714 =& AF xylitol ¥ X599 557} g1y o
870g/LA2 714 #HL LEARL IEGHEs 23g/L 4 9 162439)
Fee Aoz dEuY. Huo AUYE ¥ F+ Ue EXEDY FEE
32g/1L2 o] & HF xylitol2 86.3g/L, BAAI¢ 168 hr= 5.15 g-xylitol/L
«hre] YA E &8 ¢ e A22 Yew. Fig. 172 HAstd xdo
A 2aA 2EE 3 ZA%Z 08lg-xylito/g-xylose2l xylitol &7 5.06g/L
o] A4S POl simulation A2HE HYH o2 FHF oI AFA0
ASE & & AN
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Fig. 14 Simulations results of cell growth phase. So(xyl)=100 (g/L),
Po(ethanol)= 0 (g/L), Po(XOH) = 0 (g/L) and Xo= 1 (g/L)
were initial condition of derivaﬁve equations. ( - - - Xdglc)
; final cell mass (g/L), -+ PW(EtOH) ; final ethanol
concentration (g/L), ——— Ti(glc) ; fermentation time of cell

growth phase (hr) )
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Fig. 15 Simulation results of xylose bioconversion phase. Initial
conditions of derivative equations were obatined from result of
growth phase. ( —— Ta(xyl) ; xylose bioconversion time
(hr), --eeeeeer Xa(xyl) ; cell growth during xylose bioconversion (g/L),
- - - P2(XOH) ; fianl xylitol concentration (g/L) )
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Fig. 16 Simulation results of total olperation time and volumetric

productivity. ( Qp ; volumetric productivity (g/L « hr), ==+
Xeow 5 final cell mass ((g/L), - - - t wm ; total operatino time
(hr) )
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Fig. 17 Experimental results of the two-substrate bartch culture under
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B og water activity® WEAIA A dAled 98 & Aoz A4d
thH(56,57).

w2} AW xylose?t xylitol % F7bel] @& xylitol &= H3
7b o= g%lell 9]% AolxE walr] Y8l 800g/Le xyloses} xylitol &
Aol A% water activity®: ZA3IHth. Water activityt xylose®} xylitol
£odo] E5 092 AX Ao & AfE FA dv Fod SoUA
oj &4 £39 osmotic pressure] & RAYE & F AU

F7HA vl gel BHe HF xylitol %9 F7tola xylitol ¥ F7tE
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055 g-xylitol/g-cell * hr, 0.27 g-xylitol/g-cell « hr, 0.045 g-xylitol/g-cell »
hr& JUetdel 1 zolst #43] =eiwch wjAd e ZEYo 4%
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Fig. 18 Changes of xylose utilization and xylitol production with increasing the xylitol concentrations
in the medium. Environmental conditions were pH6, 500rpm, lvvm. 600g/L of xylose solution
was fed to keep the xylose concnetration between 120g/L. and 80g/L. (@ dry cell mass (g/L),
A xylose (g/L), & xylitol (g/L), O Log (g-cell mass), 4 specific xylitol production rate
(g-xylitol/g-cell mass « hr), A specific xylose consumption rate (g-xylose/g-cell mass * hr)
------ total fed xylose (g) )
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xylose §49 FAozg A3 AMEAN7 AA xylitol ¥29 F/A: ZA
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Fig. 19 Experimental results of fed batch culture with constant feeding. 600g/L. xylose solution was
fed by digital pump to keep xylose concentration in medium betwen 80~120g/L. (@ dry cell
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Fig. 21 Results of fed-batch fermentation controlled xylose concentration at 100g/L. Experimental
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pump. (@ dry cell mass (g/L), B glucose (g/L), & xylose (g/L0, & xylitol (g/L0, O
log(g-cell mass), € specific xylitol production rate (g-xylitol/g-cell mass « hr), A specific
xylose consumption rate (g-xylose/g-cell mass * hr), ¥ xylitol yield (g/g) )

Flow rate (ml/min)



xylitol ©]19lol erythritolo] Lth(64). Erythritol® A4tste #Fc & 49
FF9 2L %9 Candida sp.oli B4 Zol 400g/L sucrosed] LEFE
FgAdoA BEE v} F osmotic stress?t T M LEE FHE
Aot} ol21 & erythritol HENA HA 9 pHEU L pHE A3 Fe
o 2 <2 A cHpersonal comumication). pH7t &2 2F9 HA pH=E 4¥
g 39S "B ¢ pHE Ad9e & dvt 4444 80 EF €53 ¢
stk £ Fe pHE 271538 2 AL lag timeo] 2AL22 X7 ¥
e} pHE &R HHo| pHE ¥53 29T N2 pHE =UsA &2 &
Fgo] 222 ujxl9] pHE B3 YT e o) 7MY FL& UYL ¢+ I
Ak wEA BiAF xylitolFol Eoizhs B xylitol A4S f7H4 digelM =
xylitolol] & osmotic stress7t 27t HE=2 pHE 2HsA] ¥ 4¥& 8l
Bt

x7] ME AFGANAME pHE 622 ZHEdi o F xylose
bioconversion @AM E pHE ZE3A &%tk pHE xylitolo] A1d ol
e} 20A17HES AlE 7Aaste pH 38 =EEAL o @& AL KA}
A ch(Fig. 22). Fig. 189 pHE A3y -& o xylitoldl ¢ sl AP =
g Yolpe AYS v A /AT BIE Fx9 ol 200g/L
7} dol= xylose €42 A4 FAsAh Ao pHE 2HsHE 2%
Bt 9538 & #e 4¢ & AU xylose HIAE& =2 xylitol H]AF4k
&7t W=l xylitol FE7F F7tgel we Zadte gE Role ML
gotoyt 480 © EJY HF xylitodl =T 210g/L, TE&L
0.75g-xylitol/g-xylose, A4+ & 36g-xylito/L « hr H oyt @HaE Fykidf
g7 Aol BT "Wojnoerz rAd AEFTY & 200g/L2 ¢
xylitols & 153.2g/L, xylose 5% 62.3g/LolA xylose 49 ¥8E& 3¢
sle AL 46g-xylito/Lehr & ¥ & @& 7Hd & U

-260-



-19¢-

04 A I 35
20

10 4

dry cell mass (g /L)
|
8
concnetration (g /L)
feeding rate (ml / min)

- 10

& xylitol yield(g / g )
T
»n

log (g- dry cell mass)

specific values (g / g-hr)

time (hr)

Fig. 22 Results of fed batch culture without pH control at otimized condition. Experimental conditions
were 1L, pH 6, lvvm and 500rpm. 700g/L xylose solution was fed by digital pump. (@ dry cell
mass (g/L), M glucose (g/L), A xylose (g/L0, O xylitol (g/L0, O log(g-cell mass), € specific
xylitol production rate (g-xylitol/g-cell massehr), A specific Xylose consumption rate
(g-xylose/g-cell mass*hr), - - - pH ‘)

pH



5. scale-up 439
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Table 3. Results of scale-up and reproducibility test

Volumetric Xylitol
Xylitol yield % Reproducibility
productivity {concentration
(9/9) (Yield/productivity)
(g/L-hr) (g/L)
Simple
9 0.58 3.33 -60 73/97
batch
1L | Batch(ll) 0.79 3.44 79.1 100/100
Fed-batch 0.75 3.90 184 95/113
Batch(ll) 0.71 3.09 741 90/90
3L
Fed-batch 0.51 2.28 118 65/67
Batch(ll) 0.62 3.18 65.3 79/92
3oL 0.86%(0.71)
Fed-batch 4.74(2.55).{ 179(208) |109(90)/138(74)

3
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Erythritol2| A4t

A1 A A

Erythritol2 4€% ¢ FEZ2A 4719 el Z2t 17489 hydroxyl
group2 3 Jon F@PAoE 1874de] Hzz AU ).
Erythritol& 2& A F, - 48 5 AQAN ZYA EAsto] A EA A
T AdF, HAF, 34 T g5 UAn LR Y FoRe IEF FF,
B T &, a2 9o THEFE AYdoE o S
Erythritol8] A2l2}3t3 EA43 4HEd 4 sy oz CHwO.o 33
T2E& 7tA9 sorbitol, xylitol, glycerol® %°] monosaccharide polyols®
¥ F €}l Erythritol® E3§ symmetrical molecule24 23 3712 elql
meso-form2. 2% &g ©& FLIo £ - A EY Po)
erythritol2 8¢ 27(reducing end group)?t oA &3 Ao 243

3 o Mg fAg ¢4 AN 0% AusE 5
dME FEE FFA v A FEA 2" Ydydes de FI%
T2 U8 ¢S FEHE 5480 AtHTable 1).

Erythritol2 B2E F 714 23] 2 424 d& 93¢y 7
e %Y 54¢ 22 A F FES AMEe 2dAdAY FF,
FHgol ¢ FHE 2 oM 37 AFH A AF Az RYP &
Aol Mz gk AA ratg ddez 3 FFolA erythritold] F4 2L o)

- 279 -



Zo] digt 4¥S +£YP% A erythritol2 2 FM YR Ro] M2 A FF
Hol AA WM dAEA 3 2Fo2 WEHY F5EHA gL BES
WA FAZ osf waHE Ao Husm Ji?2). o9 Zo
erythritol S F4 34 93HF<Y maltitol®} paratinit 3= g8 A2FoA o
FEol 55 24413 olUol 90%7t LFo2 wAHEs) dEY e @
GEE9 Fo dAAMA A2 BAHE HAL 5o F£3go] Qi i
of EAse & 6~10%9 erythritol & FUl AFol 9t 250 3w
Aol At = CO2 widED WHegE 1% ol3trh wjddo. Fujd)
A Aol oste 2AEFHo] dhAtd] o] &HE ouAE 02~03 Keallg X
o] Aoz ¥ d4F Fol e BYEH FEHE EHsY. F ¢
g 3YIY 7~13%% d%e 5% FF9 IFIE tAd. dFY g
FLEF vpB7EAZ erythritol2 U glucose =9 insulin®] HAHLFE
o Fe nAA Forg Gy FAAA QAU DXL AT

Table 1. Physicochemical Properties of Erythritol.

Erythritol | Xylitol [Mannitol| Sorbitol{ Maltitol | Lactitol

Carbon number 4 5 6 6 12 12
Molecular weight 122 152 182 182 344 344
Melting point(C) 126 94 165 97 150 122
Heat of solution - 233 -36.5 -285| -26 -189| -139
Heat stability(C)| >160 >160 | >160 >160 >160 | >160
Raw material Glucose | Xylose | Sucrose | Glucose {Maltose|Lactose
Calory (Kcal/g) 0.3 28 - 2.8 1.8 1.6
Relative

sweetness 80 100 50 60 90 40

(sucrose=100)




T PN FA 4AFA Streptococcus mutans R FAW AT
Streptococcus sanguis, Streptococcus mitor, Streptococcus salivarius,
Lactobacillus casie, Lactobacillus acidopilusE°l ™3J erythritol®] o] &4
ZAb 23, erythritol2 F2 Aol o8 £849 glucan € #2F $& 4
A3t o) &5A G Aoz B IAHIUTH3).

Erythritol®] 7153 ZdoAMe 54& U EY erythritol2 A2
70-80% BEE 3 lon] dsto] Uy FAipsta Siste] £ g7 df
%ol aspartame®} 22 ZAvjRo EF AME3ld ZAvEE FAAIIEH o]
€€ 4 Ao Erythritole 2Ao] €9 5& o F¢ FLL$E Yo
2 A#HA 3Fgn A% 9g FE A Ao F4E, A", 2
Y AR Az Ao F WA 88 F U E=F Hold erythritol
o] &4 ¢AAEL2 170T olde zAAME AFS &3, g4 To} F&
qE8g 39, RFZE QMM erythritold] & LA 5Ao) o)&d)h
Erythritolo] 8 F2Ed Atg=e Z9 H48E AHEE 799 8ls HA
pHE A5 422 S8ste=d 20 Aol 2853 HEF] pH A3 &
AAsY BE 717HE AFAE F UAd. E£F erythritold] W& Sl =&

S5 23 AFY AAF B2 AFY dIe 84S A s A2

e APA R Add 7€ MY FRF diAE £ Je 7ITAEY &
ol "h4).

ol21 ¥ erythritold] AZFFE B ofn] YL Nikken 3}3}o] £z}
o2 Aiam glod = §3 AT Y FFL M5 Y AYoelt
o] Z 9] Nebraska A9 Cargill-Mitsubishi ¥23]A 7 A Y § erythritol
F4& Az 20,000 metric tons °14e] AAFHE S ZHF 1 1999de] AAHE
A1Ztg dateltt, =gk Cerestar Holding B.V., Mitsubishi Chemical Co,
2] Nikken Chemicals Co. %9 erythritol A ZALYE37t AEF
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GRAS(Generally Recognized As Safe) U418 A 7} 1997d 1¥9 FDAS]
VS TAHBA erythritol2 vj=x9] AEF L SAE T Add o]g=”
At dZAME 199078 AHE HER olg3tm glon A
1,000 A& Adstcd, GAU7IE 950 Aol vdd A9 A
dEFe A FUME Aoz FYHD A2 JFUNE A% 708U &
2jngsel RA FA FL 24 2 YA EHL Holm o g QA
o] o]Fold FHeol WA HuigA ZPL we Aoz didc. a9
Y4 WM E ol x & BUEH vlA/FR 2 erythritol Aol hd
TED 9o AAgHm QA Gorn AP £Yo dxEa e AHo|g

Erythritol 448 9% Az Wiele st Y} SaYo] AUt 3
3 #4 WHoz2E Otey §(5)°l YA Zo)stolM dialdehyde starch H-El
22 Beutgol & erythritols A4 2ok A9 2 9 meso-
tatarate®] ol o Wy Fo] LA Ad Y 33 FH4PL 1}
o 98 233 ¥4 AAFo AAd=HE ALY AAI oeen, de
TE& 9 TAH W ALsHA Ao wWA Haye ol
B3 AU SFE FIES 5 de wdozM v gL AR 43
Hol gt mAE BE I erythritol®] Aol E d7E UHNE
o]folx Ktk F, Maria F(6)2 lactic acid bacteriagl Leuconostoc
oenosZt erythritol & Aigth= AL HAs T HAIRA L erythritol WA
€ A% 2E7F T A7 HEHHAY. E3F Ohnishi(NE 1567}
ER TFEY BYE AP o AdTE F8A Pichia, Candida,
Torulopsis &°| erythritolS A4itsle #F2 2u3dc. £ Hajny S
(8)2 3tEolAM Ee g yeast - like fungusE AFE3td 357%<] glucose Hi
Ao daE T3l 4566%2 &2 erythritole AP RS 5%,
3 Fol o] FFE Moniliella tomentosa var. pollinis2 SR At ©] #

A o

©

>
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FZ o]lg LaAFTHL AYPss A% AF2 AYPHULY glycerolt
ribitol 59 FAHEE0] Bo] A4 ETE 9 dAEd HFA Rk 2
% Hattori $(9< n-alkaned 71FE ol 83 erythritol} v Fe
mannitol A48t E Candida zeylanoide® A143 A7 & Fysigied A
gdsto]= AAsget. E£F Wako 510,11 LF¥ T erythritolE A3t
FF2 @88 FHNM Aureobasidium sp. 25 erythritol A4 #F
2l 20% glucose WA A oF 43%¢] &2 erythritol S A
F43%g 2ystdct. AT Aoki §(12)& B ANAM Trichosporonoides
e #FE Adsld 0% $82 erythritol® AT WHEIHAG
d4 AgHez ogHm UE FHFE 4B BFHERCAAM AEE
Aureobasidium sp.2 €A ded £€& 4% olm, AUAFLE 20
g/L-hr A5 & Aoz Huxxn Jrk13).

A erythritol F4He $istd FFEMF did AF = &L A
8 Folth. Erythritol A4S A WMol F o] HEWYPL AdAe] Eoln
WA 2 45Ul & UM A{sE nAESO erythritol 44
o #d% Tz MEsge ANY 4FQY dAHe e &FY
erythritol 44 3ol £4¢% ZFTdx HE ol 839 HTFE
E Aol guryolrt. FuloM 9] erythritol A4S T FF NI W
AFRE Trichosporonoides sp.& EMS Azlsted FuiAdsl guiAdol Hel
ZFE P 37 mudel dv13). o] AFoA glucose WA M
olZFE obFEFA ula ANl 27¥ F/E Aoz wHAyYG. =W
Ishizuka $(14)& Aureobasidium sp.ol UV ZAl9} NTG A& d43 2
2 At Gulyol & MolEFE RsYE, o mutante] ol
erythritol AAbgo] 50% Z7hsigvin ¥ m3%th. Mutagen ol g
FEAFE] Py oo Aol A=EHUT. Loray FUHE AAE
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dg2 AAi @#F  Saccharomyces cerevisae® salt-tolerant yeast$l
Debaryomyces hansenii®l A E§HE 3o sk Do) FiHE uixd
A ol g gaE A5 Y] Hold hybridsE Iyt LE3YA.

Yutxoz UF HA4L HY FoY LEZYoE VAYY FTHY
z24 2 AFY A Fol ®wel ATFHS K9U617). HI A
Hallsworth $(18)2 ujxyeo] €©4AYogA glycerol, glucose, trehalose,
starch §& ALg3loq @4 FHY X7t 2L¢F A vxie 43
& 2ANYGE, & 84299 FHY Hxd waM M. anisooliae, P.
farinosus®} £ fungizt A eE FLEY FTHFY 20 tb=EdE=E A
g dg F AU =3 mannitol VALY o)L=+ osmophilic yeast?l
Aureobasidium pullulans& A183l9 polyols &4l v x| 12F 79 @4
Holg 4 HES A E 23 sucroseE HIET 4FFY @29
grol MEE FIH FYFY o] sted Ao BaHAKA9). 28
1} erythritol 22 E AT 71F2 A glucoseE A|F tfE& FEo] AL
g 7S 28 AEZA ribitold 2L HAEol YHdHdE G AE A
o2 d2A Qeg yeastd glucose WAHE Z(Fig. 1)lA B %9] erythritol
< F2Z glucose’} pentose phosphate cycle2 AH AAE erythrosedl 9
3 AA"Ed.  Aoki $(12)& 2ol pentose phosphate pathway& H3H
erythrose-4-phosphate2 A& % 11 phosphatase$®} erythrose dehydrogenase
o 913l erythritolo] YA EHE A=A A glucoseZt 7Hd wef A=A
o olg£¥Eg& nIAY. = WA EF Trichosporonoides sp.&
AR5 AEE 535l glucose®t sucrosed] 937 erythritolel 2E AL
Hu AFEPded €73 99 2245 5dA glucose?t S LEEFH
123
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Fig. 1. Metabolic pathway of D-glucose to erythritol by yeast.
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ndE LEE BT QANEY AN dANES HFo2 4V ¥
d vldEe RS AFsE ol aFHEd YWH O erythritolS X
38 GUF LE wiR e Ao HE @299 $E20
A 2 A FiAe nZd A% 4G Aeo] dojued old 3¢
Ze Eu7F FJgdan dA A2 = Pfyffer FCDS
non-entomopathogenic fungi€ ©|-83% 4dYoM ZAY nZ=E AT 4%
A FH(nitrogen-substrate limitation)e] T AW FL¢E £HE F/AZG=
AT7ZAFAE LEISFUG. depr FLET AAE A WA C/N ratios
ARkAQ HE iAo C/N ratio 2oh ¥ SA4& 7HAH FUZ A4l
ol&HE AF FFA w Azt LHMA= HA £F C/N ratios
87stn k. & C/N ratio’t B8 o4z & ZA$ 39 Ar&Er}
AqatEln gFe] FAEo] AAEE vd S AY AEFTr FUhsho
erythritol®] &o] Eojxl& &ol UTH13).

AEQdo] & oA S o FAZo Ao diF d
o] Mol e, ol vAdEol e FLEol FFYel =
ol A 4% =4 & (compatible solute)2A B4 =] vAE HS
A 371 WEoIth22). ol @ olf wWEo FLE A HFY WA
o] & mAES AIgsle A9t Bed 5¥3 U AFEYAH vdEY AL
NaCl olu KCl T2 €9 Hrtel o 4Fde F7t2 B2LEF Aatol
aA ZF7hddes B8& 2317 Ack2324). & Beever 5(25)2 filamentous
fungi®l Aspergillus nidulans®] wjgujA o] NaCl, KCl, glucose && A&
3o AFEAE A 2AH3AG I Fo AE Yo FHE FEEY 24
< dFEdy. a1 AF glycerol€ Ul £ erythritolo] osmoregulatory
solute2 AA €L 213 F3F Hallsworth F(26)2 Beauveria
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bassiana, Metarhizium anisopliae %< entomophathogenic fungi& A}&3}



o dwjz] o KClo] &A% o FUEZA mannitol® £ 2] arabitol,
erythritolo] A =o WA £EEH(aw)E 0998914 095022 @& #
* F BYEY AAHZo] Frkste d4e #@d Wd oy was
yeast-like fungi XX vl37bRIelt. Luxo $@27)& NaClol 2
water-stress7t Fo{d 9| Geotrichum ¥ Endomyces & vl &9 ¥&S
n@aes H¥E Y31Act. 1 F Endomyces %9 yeast-like fungi®
4% NaClol gle wiAdMe 45 2HEHEM mannitolE o Bo] 44
oy water-stress?t Fold A9 o B-& arabitole] A "G n B3
e, ol A Bl g water-stress7t WA B A A &3
He 9929 w7t S8y A4EHE 39829 FHE B &£ dode
HE EUsteE AT ZATolth. ot e YL yeastll M E FAMSCE

Reed F(28)2 NaClol <9j3td stress& W Saccharomyces cerevisae,

-

Zygosaccharomyces rouxii’} exponential growth phased] 4% Az g
A glycerole AAZFE HJ3NRL, FLEFE AFoz Y4ses HUo)
NaCl #H7tell 28 4Fd F7F dEelds RE ¢8 dd. 543
salt-tolerant yeast2 L2113 Debaryomyces hanseniicl #3% QA FME=
salt stressoll 2|8k 453} =3 7]2}o] exponential phasedl 4 glycerol® o)
$o] A 1 stationary phasecll 4l arabitol2 ZHETE Ho] FosYgon g
H d¥5xe dsd g2t XY glycerold W 27t o & vz Z5}
st U4 mutantE E2sATn RuaATH29.30). = glycerold] At
A S 9E osmotolerant yeast$! Hansenula anomala(31)2] A$%
NaClely glucose® ©]1 83 water-stressol] i3t 98222 glycerols 33
Aaksta ok, ey NaClely glucosed] 28] 45<geo] =719 o
specific growth ratee Z43%e ZES Yel AT glycerolel AAbzko] =
7bete AFZIAE yeastol o FUAF Aol M HH AMEAHY B ¢



8FHEe AL TFY & AFEY dAdolgte AL BAFGE2). EF
Nobre 5(33)2 g3 9 2% olyal polyethylene glycol(PEG)E o] &8 A
AFRE 5 A A  Debaryomyces hansenii® v ¥ste glycerold}
arabitolE & F ALEL BuHYY. EF erythritold mannitolo] 2
Aoz AHgE wixloM wge A 2 FRE £Ho=z A arabitol
4L A7 He U9 erythritol®] %2 & exponential phased] ¥oju=
RE #BA3 Yoy, erythritol2 1M2 NaCl vl A glycerold] =4& o
AAM Hd =2 AAEdn B2u3dt. ol d& AR AE¢
Z 7kl 9% erythritol®] AE&HQA MK glycerol £ & WA
de 7HsAE BogFEe diolg. 2y glucoses®t NaClz 45¢&
QJ xPAAM 31FF yeastsoll e LEE ZAIF Van Eck $5(34)9
T ZA8E5 BY 2L FF BAHEE JEllYHEIA X NaCl B} glucose®
2l e 284S H3US dol H8 B 49 GgZe] 4iddn 8
23, ol osmophilic yeast7t R Gl g A4F Wgdol 2
7] wEolrh(3536). Y¥rHoz G Jol AT AEYY FR HFY
FUeE HALS Jhsdn ofd el ARAAN e AL A 2
aFe] FFS o] &3 FF wet d2vn ¥axe gt

HEE T FLEY YAES AY wHE A YYo= e A7)
ojFola YR ¥t FLE LEE ¢ H2A2x o pH A g AF
€ Hallsworth §(37)l o8 dyHAen Yoz Hd AXAZE 9
T HH zo] FLET AAE A% FF e dE2A verd. &,
erythritol 2 &9 74 F8% ZEZAQA Fr1xde HUo 3/x3L
FA 8 Fojof @i YA e aerationo] FEA BE AL due
glycerol & R¥ArEo] AASE = Zgo] Jri(38). TE FYF wH 4

AP E Fol7] I WHOoZ two-stage (growth and production stage)

2 He
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culture7t Al=H 3 Ark  Kim $(39)2 osmophilic yeast?l Trigonopsis
variguilis7t KCI2t} glucosed] 2|8 2Ast:= A F ¢ Z7Ho] erythritol
Aol o #EAdtde RAE LA, 3 olF7t glucose A A 9
specific growth rate®} cell density7} o] ¥7) wW&old FL FAstdr),
3 F cell densityE® © %°17] 98l A FE 9 glucose BiRlA H YL
AlZg H exponential phase @7l ¥ % @ f48 Hrtsld AEG
2 & FE two-stage culture® %3 erythritold] A4S 28] F7HAH
o3 2ustgnh. 2] Park $(40)& Trichosporon sp.& °1&3ta 400
g/L9] glucose XA HY 47%9 2B 488 9L 5 Uyt
I B3R ew glucoseE EF AH|3 o]lFdlx= AAE erythritolo]l Y
glycerolS o] 83ty FAZFL ALoez Frrsiddn s,

2 dFAME 52 £83 AUYOE erythritolS 37 Y3ty B
A7 28 Candida sp. JHE 0|48 TF9 7/1¢3 Hazde 3
Hat € HaTRY de] diF AFE FY3idd
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A 24 438 As 2 Iy
1. 484 =

7t NG "R 2F

Bl 2] A Z89o] Yyt AleF D erythritol, lyticase, 2-mercaptoethanol &<
Sigma(US.A)Ab AFE AHE3 AL yeast extract, peptone, agar %
Difco(US.A)AL A EL ol gstgdct. 2 99 RE AgEe 53 2 13
o] &3ttt ¥ AFA AE" FF Candida sp. JHE A& distmoa
Mg BYg o} o] &3t

Y. djFulx] R wjFzA

HZ8 TF9 w%e Table 29 ¥ 50 mLE 250 mL &2 flaskol
Wi dadE Fol HF3t 30T oA 482A13F 200 rpm 22 A& v R3]
ALR3t . EE flask WY ¥ fermenter HEAAM HFFLE 5% (v/v)
2 3o erythritold] AAHE HF L& WA E Table 39 wjA & A4
St FE AL =& AEY 2AAMY ¥ A% LHERUIAE KCI
€ Table 39 wiA]ol HArtetdd Az on, AFudr|o] 9§ erythritol
dEs 2HuA 200 mLE 500 mL 4 baffled flaskell ¥ 31 28°C il A
200 rpmo 2 AR dt. LERE o] £3F erythritol HEE WE )
Z] 10 L& 25 L jar fermenter (KFC, Korea)ol ¥ "d & Fo| 28Col
A 500~800 rpmo 2 wEHEA AYE FYAYG. EF NI FY WA
ol F M269 2@ 2L Aduig WX 2 & Table 2 £ Table 49 WA &
AL
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Table 2. The composition of medium for inoculum.

Compound Composition (g/L)
D~-Glucose 20
Yeast extract 10
Peptone 10

Table 3. The composition of fermentation medium.

Compound Composition (g/L)
D-Glucose 100~ 300
Yeast extract 5
KH2PO4 5
(NH4)2S04 2
MgSOs - TH:0 04

Table 4. The compositon of medium for sub-culture of strains

Compound Composition (g/L)
D-Glucose 300
Yeast extract 10
Peptone 10
Agar 20
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2. 43 3y

7t. Erythritol ¥ 8 & % wjx 43

Erythritol 44H8 A8 HZH o] A& AAs7) sl 71& AFAEQ
Aoki(12), A4(41), &(42)°o] 4¥ wiA S P2 YL HWEAY WAE A
o2 flask WFE F3t9 Hol erythritold] &8 F7) AT A
A 4898 T8,

Y. Erythritol 289 54

k¥ ZF Q! Candida sp. JH| erythritol 4458 L wg AL Yo}
B7] A% 48 st Table 39] QAMAE AML3t flask WY
€ e, viFAde oz LdEAE Haq MEAF, glycerol,

erythritol 4 R B9 482 ZAF F& LYolur}

o ok BT T AESH WA AY

F3 Boll g FFEG WAEE e dHo|dF Y MEE Y5t otyFF
o AFo] EZbs¥ AKCDH Z(glucose)d $EE AA3E AL 43
R doll g WA H4EE 9l Table 59 WAS AlgsHEd KC
o ¥=E 15M~25M2Z 38z, Zol did WA 488 9 E glucose
9] FX7F 400~700 g/LR! Table 69 wWjX & Azt o] g3tPyct Ay
WL BT FE B9 agar platedl] peaking@ Foll colony] ¥4 A%
€ #Astd HE WA G 2o F=E AU
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Table 5. The composition of medium for salt tolerance test.

Compounds Composition
D-Glucose 300 (g/L)

KCl 15~25 (M)
Yeast extract 10 (g/L)
Peptone 10 (g/L)
Agar 20 (g/L)

Table 6. The composition of medium for glucose tolerance test.

Compounds Composition {g/L)
D-Glucose 400~700
Yeast extract 10
Agar 20

2 Holf: 2 A5G WA wel@Fo 4

kT F Y Wolf =& st WA sporeE Candida sp. JHO spored
¥4AZ. 252 YPD WA (Table 2o el 36X7 I F
prespore agar plate (Table 7)ol =35t colonyE& dUTh o] tT}A
spore ¥4 WA (Table 8)ol =T3tn 30C widrlollA 4Uzt wjIFFd %=
4C Y3 3e 82 713 Basgc. ¥Holfx WYL B AFAdA ALg
e W34z FY}PG. 4 F @7 2BF spore FAuwiA|
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platedl Al HEX 2 sporesE FF FTHTEZ £3739 10 mM 2-mercapto
ethanololl 4 302t A3tk 2 § 05 mg/mL lyticase (100,000 unit)
e Ao A 4AZF T WS A A vegetable cell® A A spore e A
Hado. o7lel 0.8% ethylmethane sulfonate (EMS)E 3083t 2 al3dtd
Hol & f =3l 5% sodium thiosulfate® H7}sld wg& FOA|Zt. o
spore 84S HA w2 A F mutant AE vlA| (Table 9, Table
10)oll =23l 30T wiF71dlM 743 wiF3 At Colony AAFol S48
TFE 122 Adstgaeny, AdE colonyE WAo2 flask wigol o3

AYe +93td erythritole] GA5Ho) $58 Wo|FFE AU

Table 7. The composition of prespore medium.

Compounds Composition (g/L)
D-Glucose 100
Yeast extract
Peptone
Agar 20

Table 8. The composition of sporulation medium.

Compounds Composition (g/L)
D-Glucose 10
Yeast extract 25
KCl 18
Sodium acetate 85
Agar 15.0
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Table 9. The composition of selection medium

for salt-tolerant mutant.

Compounds Composition (g/L)
D-Glucose 300
KClI 186.4
YNB (w/0 amino acid) 0.7
Agar 20

Table 10. The composition of selection medium

for sugar-tolerant mutant.

Compounds Composition (g/L)
D-Glucose 700
YNB (w/o amino acid) 07
Agar 20
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. EzAY AN A7

T wixel £7) pH, iAW d¥E R 712, 27 BFE, 77
4, yeast extract®] ¥% T9 WA ZTE HAHE 7] Yo ofAFFY
Adg WolFFE AEsd 4¥E +33AY. Flask #l¥S St &
5(24~30T), pH(5~8) ¥ H¥=(10~60 g/L)9 HH=ZHL AASY
FermenterS ©o| &% 2AHdEo=2 Frizd ¢ uuty wixly %27 5%
(100~300 g/L) ¥ yeast extract F¥5(3~10 g/L)& HZ3} 3= A¥S £
gatact. TUI1ZHL 500 rpme ZRHIA 0.75~20 vvm, 28 1.0 vvm
o] F71xdelA 400, 500, 600 rpmoll Al erythritol AAFe A& 571 €
HxAE HAHF 9oy, iAW glucosed FEE 100 g/LolA 300 g/L
72 WEE Fof YAE FYJov, yeast extractd HHEE AYL
250 g/Le] glucose FxolAM APES F83 Fol erythritold] =& L A4
Ae& nASIYG. =& 100 g/l glucosed] HE vix|ollA uwjF& Al z}Ez
AEAGe] Bd AAHdd nexe BE Hslste WHSZ  Fed-batch

culture 4g& 343t}

3. ¥4 B4

7h. 24E2 24

Glycerol, erythritolel A% - HA £4& NHz column (Shisheido,
Japan)& o] &3] HPLC (Waters, USA)lA RI Detector2 & A3ttt
ojef BulE B3 acetonitrile® 15 : 852 E A Algsl¥oen fF4e
14 mL/min ©]32 columnd ¥%=+& 40CH. -
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4. 3 32

v gilucose ¥ sucrosed FTEE JYE BAMIN Fe zie=
HPLCE Al&3tgth. =3 HPLCE A #& glucosed ABo] 7153 2
% Glucose Analyzer (YSI, USA)E Abg3ted B4t

o o g AF

2 o e29l % & flame ionization detector® ©]&3} (Hitachi,
Japan)E EA3 At ol A& 3E columne chromosorb W/AWell 20%
cabowax 20M& X 3Al7] B3 & packaging$ stainless columng o] &3}

et

2. Cell mass &3

A X ¥ 5= spectrophotometer (UV-1201, Shimadzu, Japan)E A}& &
o 620 nmol A optical densityE &# 3Gt

A% &AL spectrophotometer (UV-1201, Shimadzu, Japan)E A}&3}
o 620 nmolAl optical density® A3 FFTZ Y AXFAF(dry cell
weight)8] EF M9 o8t AR FHF(Dry Cell Weight : g/L)o2 &
Aslget o] o EEINE 4dA T v g FA U FAEE FH
& F o] £ 5 mLE 0.2um membrane filter2 3% thg AFAX71(8
0Ce S50mmHg)elA 48A1F AzAA FAZFE ZH3IAY. d¥47#
Candida sp. JH 2 ®o]#F M262| optical density 1.0& 2% 0.249 g/L
o] Ath.
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A3d A7+ 23 € &
1. 238 wx9 43

7h. @499 9%

Be YEAN AF 44T W Bado] AAHE uFo| W 2
o gutxoz WRuAY @AYo 2E molasses’t Bo] olgEoz w
2¥22 glucose®} sucroseE Ao 2 3lo] ok FFQ Candida sp. JHel
& erythritol 2H i d¥S YA 7€ AFAS|
®ol o] &% glucose®} sucrose TS ez dged 50 g/l &2
Az LAWAE o] 8T flask Yol st 4PS slYn Yo 25
22" d7tA] w g 4P A HE Table 119 YR

Table 11. Effect of carbon sources on erythritol production

by Candida sp. JH.

Carbon Source Glucose Sucrose
Cell concentration (g/L) 234 212
Fermentation time (hr) 60 72

Erythritol (g/L) 7.2 6.1
Glycerol (g/L) 0.4 03
Erythritol yield (g/g) 0.14 0.12

AFAFAAA glucose?t erythritol LA Fald @29Yes A £
ARG, B AdFoA ALR3F Candida sp. JHY S ¥ S sucrose W&o
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A gdezg AHEHO ¥ ribitol T4 #FE RatEo] ANHA gk F
9] A2&% 9 erythritol®] #&1A glucose”t sucrose B 3 @4
e ¢ 5 AUTHI339). =3 o2 AF}E erythritol A4S HT &
AQe 9%e A9 AFA e dXFck(12). & pentose phosphate
pathway©ll 4 erythrose-4-phosphate’} A4 ¥ 3 phosphatase®} erythrose
dehydrogenase®] <& erythritole] AAHE dAIRACA glucose?t 714
wa] ciitel o] 857 wjRolch

.o wE wiRe] A4

Erythritol®] ¥ 3 & 3% Candida sp. JHY #A #jzx] 43 84§ @2
Yoz glucose® ZAST ALY o] Wizt AFE flask v 9
o] £ystAT. v Eo] olgsle Ahde FFHo det FEFo A4
A BEA Aolrt UM HAEHE FLE2Y FHRSG ¥l 2HAE A A
Zie v AR Z¢ Fade] ¥4 A2 vAE 942 s Re
2 Baso] Qlrh4s). dutyoz FaFT A Y fIF Firde
yeast extract® ¥z A YU olF 7EoR FH XAE ¥3A9 yeast
extract’t X8 wWix(1241,42)9F 71F9 YPD WX & digdos HEHP S
FystAch ol Z vixe] vinE Y8 glucosed] FEE 100 g/LR =
sl e, Table 120] A% wi=lo] 24 & Jehfich

A¥2% Medium@E AT O,0,09 iAo RF 7243to] Wi
AN Fe EF ARFHHTable 13). HEFEE Medum®ol 7H3 ¢4
oy erythritol®] F&ol Wold MZFYN FUZo HAZRAL M2
d2de FE& QARG AW erythritol WS Fig. 20 Yebd RAH
g Medium®@7t 71 4% A& o & Agen #& Y ANz AY
#Fstch 28y £¢ M Medium@7t ¢85 £& 589 ¥

...,299w



ZuAE AAH7I A5 Medium@% Medium@9] 24 d3% § 58 =
A& v (Table 14)& Azxdd AEL Pt AIZA M 4714
ol e MEFEE vl&3doy 4419 wiAlelA peptoneE A AF
medium®7} erythritol®] Hdl I FEAA L3RR (Table 15,
Fig. 3). @&A medium®E erythritol®] Zawix2 HAsAt. vz <
Pl iy v/ @& Ao ZLEL Mo 5 RE HX
Aol Aixdy nZE2 A AL EE do T2 B0 Fsnt
AFA TG AFH(13,21).

oX

rir

Table 12. The composition of medium used.

Compounds Medium® | Medium® | Medium® | Medium®
(g/L) (g/L) (g/L) (g/L)

Yeat extract 10 5 10 5

Peptone 10 5

KH2POq4 5 15

(NH4)2POq 2 2

MgSOs - TH20 04 0.4

Urea 1

Reférence 41) (42) (12)
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Table 13. Effect of medium composition on the cell growth,

erythritol production for 72_hr of culture.

Medium® | Medium® |Medium® | Medium@
Cell concentration (g/L) 127 117 11.8 11.1
Erythritol (g/L) 15 10.6 100 9.7
Glucose (g/L) 0 0 0 149
Erythritol yield (g/g) 0.075 0.106 0.100 0.114

Table 14. The composition of modified medium for medium

selection.

Compounds Medium® | Medium® | Medium@ | Medium®
(g/L) (g/L) (g/L) (g/L)

Yeat extract 5 5 5 5
Peptone 5
KHzPOq4 5 5 5
(NH4)2PO4 2 2
MgSOs - 7TH20 04 04 04
Urea 1 1
Reference (42) (15)
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Fig. 2. Cell growth and erythritol production of various media

for 75 hours culture.
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Table 15. Effect of medium composition on the cell growth,

erythritol production for 72 hr of culture.

Medium®@ | Medium® | Medium@® | Medium®
Cell concentration (g/L) 324 358 334 316
Erythritol (g/L) 3.4 6.0 5.7 55
Glucose (g/L) 46 5.3 7.3 16.1
Erythritol yield (g/g) 0.034 0.063 0.061 0.065
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Fig. 3. Cell growth and erythritol production of various modified
media for 75 hours culture.
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2. %4 WA HoldFo M

dvHoz FAF ANlE A5G WHE AW 237 fdE Ao
2 2d YHEID. F 4G A4S AR LEY 44 sAR 8
AFE2 AR WHel $5¥ WolzFe MES ot FUT Ao
olgateit AEs ol muslel U314 WHM B $EY T
£ QoA A%l 248 dol@Fe Mol WE UYL FysaAt

7h ok EF o] 459 WA

AA ARG WAl & ¥z E Mysy] 98 dduAs AAgs)
Fo. F oRAEF Aol Bt FKC) EE Hglucose)d] FEE
371 A% 4¥s sPAt. dY 9 ¥EE U=A @ Table 5 F
Table 69 #j2lolA Candida sp. JHY A& AR 9 colony AEE &
#&sH o (Table 16).

Table 16. Salts and sugar tolerance of Candida sp. JH.

KCl (M) Glucose {g/L)
Strain
2.0 25 3.0 500 600 700
Candida sp. JH + + - ++ + _

(+: growth, -: no growth)

ddAAAA glucoses 700 g/L (F 39 M)9] sEolA 480l Eits
A es KCI2 25 MolAl mjopg Aol Baso 4tz g wWgA
o] WolFFE Md¥sty] A} HEUF =R AU =E AE FF9
Candida sp. JHE 4¢3 th & osmophilic yeast®t ol @ o} @of o
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g WAdol o Holow, ol WA 4EY ZUL FolE AEE F
. 22 F89 erythritol B4 & FESAE 4¥S € F$ 989 @
< AHgstE Aol feEdide & & AATH35,36).
U 5 35S WA Aol Ay
¥ 423¥dAME Ryu $(4344)9 2P & ARdd EQROIE FxE3Y
Hol#5F dHul2|(Table 9, Table 10)o] =231 colony o] ¢53% &
FE 122 d¥sda. AdZ AN 25 =9 glucose #lx] o)M= colony
g 4A Z3Ao. ol AEuMAY glucose F=7F UF A AAHUA
U4 EMSel 2|3 ol oA Fo tid WAihol 3 WHolFFrt 5
A B2l WELE FPdEd. a8y ¥z KCl WiAAME 100 A7
9] colonyE ¥d€ F AUN2YH HFo] £+% colony 32748 Hdsd 100
g/L9 glucose EE XA erythritol BA 5P L vlusts APS £33
Ak AYAF 12002 LEAM erythritole] 4FHo| 58 WolFE
A A Wol €9 BEE& T HX3Y erythritole] A5 Ho) 2t
o7t ASE & F UUHTable 17, Fig. 4). RHO|FFE FIA erythritol
o F&3 B ARELAA BF 53 HolFF M26E MEEd
Table 17. Cell growth, erythritol and glucose concentration by

wild type and selected salt-tolerant mutants.

‘ Wild M19 M26 M29 M32
Cell concentration (g/L) 11.8 125 14.7 114 131
Erythritol (g/L) 6.9 111 151 92 109
Glucose (g/L) 306 322 28.0 . 354 344
Erythritol yield (g/g) 0.10 0.16 0.21 0.14 0.17
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Fig. 4. Cell growth and erythritol production of wild and mutant

strains in the medium containing 100 g/L glucose.
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o}, of @9} WolFF M262 erythritol ¥ & 4

AR wlx) oA ol FF(Candida sp. JH)S Adg FUA WolaF
M262] ZEEANS dolBAtt. A 100 g/L9 glucose LR ujX| A A A
d4¢ +dsEd €& 0T, WA 27 pHE 7002 o
baffled flask& AM&3tAt.

ok TF o AYAR erythritole AEARZIZ i F7H8E & 5 AU
don A erythritol®] A4H2 glucose?} A AR H 84417 v A Y
bt th(Fig. 5). 28y 84412 o]l Foll = erythritold] ¥ X7} 3t i ste
Ag¢g Jeuided ol 7139 glucose’t © 22 d F erythritol S 713
24 olg3l7] o2 Algdd. ZEF Hd FAHY FEI UYeide A
vl Hle] erythritol ¥ =& YEIW OB Z erythritol®] AJ4HE growth
associated formQl R 2o.2 | HA U, Erythritol o] & FAEE2E &
29 glycerolo] vl Z7]o AAHASY erythritolo] HAZ WASHE 84
A2t o] Folle AAEA Zxn 238 HAsAY. ols AT £H7 R0
HAELZZF Z719 glyceroldl &M o] X1 F79 F7|olE= erythritolo]
454 2HEEARA AAHY dEQ Rez AREd. o B
exponential phase©l+< glycerolol 445 1 stationary phaseol* & arabitol
o] Ao 4F} A7 o] o}Fo) X Debaryomyces hansenii®] & A
d A dxsts Ao)th(29). TF A F9] glycerolo] AAHE o]F2A
Candida spollAde 2& glycerol FE=dA = glycerokinase®} glycerol
phsphate-ubiquinone oxidoreductase’t =5 °] glycerol® 4237 &
o2 Buxo] Ith46). FITFE AHET LE H4YE FIH 100 g/Lo
glucose & vix|o]A e Hoi erythritole A4tEFL 193 g/l 4S & +
ARNes, old9 erythritol &< 203 % ol Y4 023 g/L-hr &
o}
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> 4108 2
o 10 g S
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Fig. 5. Profiles of cell growth, erythritol, glycerol and glucose
concentrations during the baffled flask culture of wild type.
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WA ¥olTFA M269 A S erythritolo] A E Ui AFL oA
a9 Hxade. a4y WHoldF: M26L LAELE WM ofdFFo
Bt QY A 604 olFo glucose?t EF 422 @ AL #©
2Y & thFig. 6). T wiFz7I) AXAYo] %% Fol o A
ghz] o} of YT Fol HlE L HAEXFEE UelRd. olY¥ AIp: B
T opAd T Tl HlE Wol@Frt 4R Aol 27 HEe o ¥ BHE
e TELEr o 2 XolE HY Rz dddd. dyy dolgF

2

M26< ofATF B t & F9 glycerold AAFTS ¢ F YRod,
|5 454 287130 erythritole] 3ol HHeZ o)HAT YL B
GETh  WolFF M%E ST WEAWIM Hol erythritolsl A4S
250 g/Loln +8& 25 %2 Uehton AUAE 030 g/L-hr2Ad A
dolgzol ool FUE HUAE ¥Y + AL VAL + YA

<]

rir

L)
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Fig. 6. Profiles of cell growth, erythritol, glycerol and glucose

concentration during the baffled flask culture of

mutant M26.
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3. ol FF9 erythritol L& vl H A 3}

7t. @449 43

2 dTdAE Mol F M26S ol&5d FA HAYY HHA =A
HENAY FUAEEY F2 FANEQ glucose, xylose, sucrose, fructose,
galactose 9 ©AYES WE erythritol YAE Fsld XA
erythritol®] +& % 4ol 713 48 @42de ddstna st

g F%7F 100 g/ Table 39] @A R 200 mLE 500 mL baffled 4
flaskol ¥ 32 AES +Y3At. Glucose?t ZF AR EHE 180 AlzHE )
3t MEFES erythritol =8 £3 ¢ 23} (Table 18)olN MEFEE
sucrose HiZ|olA 186 g/LE 7t A YElRon, tdge2 glucose,
galactose, fructose ©22 HEXFE7} A Yetgo A xyloses ©@4
deozg o|g3tA 3tk WA galactoser A EAFoE o] &HUA T
erythritol2 WS A= R3Ad. @A erythritold] A4S glucoseE &
AYoz o] &AL Ao 126 g/LZ 7t %W fructoseE @2 Yoz
ol gst= ZAfole MEAZoIY erythritold +8& ¥ AAAo] glucosest
sucrose Bt} #gtedl, olet & AREe AR F erythritole] AA o]
2 glucose?} pentose phosphate cycle® HA A E erythrosedl 23}
A7) WFEoln, Aoki F(12)°] HA B&E Trichosporonoides sp.
& o8 % glucose®}t sucrosed erythritol ¥ & olA glucose’t 713 #a] o
Atell o]l 8@ THE Hae} X&)

o2t M26°] B ¢35 Condida sp. JHE ZA 2dHUn £ 4
Fgol WA ERAFE FFHoE A= EANSE AU FF2M @&
2922 glucoseE ©°] 43NS 9 erythritold] AAFo] 713 =gtoronz
erythritol 42 913 @429 22 glucoseE HAsIY o}
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Table 18. Effect of carborn sources on the production of erythritol

by mutant M26.

Carbon source DCW (g/L) Erythritol (g/L)
Glucose 186 126
Sucrose 200 111
Fructose 16.7 5.1
Galactose 17.3 0
Xylose 0.4 0

t}. Glucose ¥%9 4%

2] FEE AIE A8 dold Fol AF =& AFEY =9 A
& d5yog g7dErth ¥4 2L F£FY AEYgolgx dEGE T
g o]l &3t ¥ & wixolMe] BEV o A&HolEE AF Bust U
(41). ol 9wrAoZ osmophilic yeast’t PRk Foll g WAdo] HA
25 2o uizlofr 2] specific growth rate®} cell density7} Ay ez
w71 g8 Aoz wHAY. 2 Ad¥AAE erythritol Aol miXe u)

T %L WY 989 glucosed ¥E HWHE 100~

300 g/L2 #F wWixE A}&5o baffled flaskolA ok ZFoF WolFF
43¢ +9% ol A% NLIR.

bR FE o] & WHAA 84412 viFA 9] erythritol FAHFS vl sy

B vxd £E9 &2 erythritolo] A EE & & Ued HBFFE

ALE HFOAM BRI F FET erythritol®] F& o}FH YL viF

2 Rty Aoz JvEbdtHTable 19). #ixviel #HZe F& 100 ¢/LY

4
&
tifo
2
op
2
g
kol
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glucose HiX| M= 8441 o) F o] Fo] A9 o AREHoY 150 g/l ]
o ui Aol A e 132A120] AYE AREX] g3 b o]ate] Fol YUt

Mol F M26°] Z-¢x vha7bA KAk, Wl g 72Xkl A erythritol H]
X TEE YZHNLY B ARETE ofyFFo HlE #=x EHP
(Table 20). ©]R& flask slFZA& oAM= glucosed] AF L 453
280l £& &9 erythritol A& 715384 3 Rle Aoz 339
o ey ®ol#dF M262 100 g/l olA4e ¥ E glucose WX AT
g &2 2aJL olfdd £ Ade AFY AL IR FFQU RS
A8 + AUt

Aoz FAZT YUE FFEA ol &Y AdME L v @
of &8 wWiXdA AY LEI shesol doh AT WHAol 58 A
22 AFE HolAF M26L olgjd HolH ¥ +89 erythritol A4kl
Feld dFoly & Fx9 wiAdAN Has} 715 Aoz dAHAU
mepx ofgFFo} WolFF M26S o83t WEZ(KFC)AA 100~300
g/L 99 glucose WA & Al 835t HaHPL FYPslgen e 3¢
A F&3 YUY S HESAG

Table 19. Effect of glucose concentration on the production of

erythritol by wild type.

gi)l:lcc(:;iration (g/L) DCW (g/L) | Erythritol (g/L) E;}l,:; t((;]/g)
100 16.3 21.6 0.240
150 162 21.6 0.243
200 148 22.1 0.227
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Table 20. Effect of glucose concentration on the production of

erythritol by mutant M26.

g:iic;sniration (g/L) DCW (g/L) | Erythritol (g/L) s’zg)r(itg(,)/lg)
100 19.7 189 0.228
150 16.7 186 0.216
200 164 18.6 0.227
250 158 172 0.221

ok Mo A9 100 g/L ol glucose ¥iA|o A &= erythritol®] +&
of Hl&3tg oy 2o AHEErE At YA E 238 ¢ dolAE
A7 Jdeiwtt, ey doldFE M26dlAE 100 g/L glucose oj4tel @
FrolA ATl AHE A Uy & L AMPE 9 ¥4 e
woh E3 22 FES PolA ofAFF L WolFF M6 LEAYS
AEs7] 95 200 g/L glucose ®ixjellxe] HEFYE vlug ARE
Fig. 7o Yetdiich. A¥ZFH T FA F$ 1804 HEARAE
glucose?} BF AR HA X3lgen], £¢ erythritold] AT of¢ 2o,
ol ofFTF B MEAF R erythritol APo] &L F T AR
ol oste] A7l HEQA Ro2 Atgdch.  wd U WoFFQY
M26& 160A1%F 2aoM BE Fo] 2RHYOH erythritole 180413 2
oA Hul 872 g/LE €& 436% [tk WA dol@FE M26E o
&% erythritol ZEAM HHo F F=zULE AAs7] A% A¥S
fermenter2 ol &3t F£yPsh o] AEPAHRE Table 217} Fig. 89 el
WAtk
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Fig. 7. Profiles of cell growth, erythritol production and glucose
concentration during the batch culture of wild type and
mutant M26 in the medium containing of 200 g/L glucose.
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Fig. 8. Effect of glucose concentration on the cell growth,

erythritol productivity and yield of mutant M26.
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Table 21. Effect of glucose concentration on the production of

erythritol by mutant M26.

Glucose . . .
tration Cell conc.| Erythritol Erythritol Productivity

concentrati

(g/L) (g/L) Yield (g/g) {g/L-hr)
{g/L)

100 319 29.1 0.290 0.460
150 313 64.9 0433 0.538
200 26.7 872 0.436 0.544
250 22.4 126.4 0.504 0.602
300 222 1174 0.390 0.573

AEZAANM Hd AEAZ S F =9 F7l g gasgeny H
] erythritol 8432 9 Fxe FT7ld wel F71sld 250 g/L glucose
FxolA Hdl 1264 g/L9 erythritolo] BAEHAT}. E£E £8L 504 %2
A F7td e BANE 0602 g/L-hr2 FFHAD, ol A3 ¥
LE B FEAA M EFY A v nY @ +&o] of 54 o) F
7t@ Fxlolth, EJ ®ol@F M269 &3 AYNMAHL glucose FE9 F
7vell a2} 250 g/L 74A F7H3tE el 300 g/ o139 glucose FEAAE
oFtY Akt ol A2 RE HEA THEAM HHY glucose F
EE 250 g/l 9€ ¢ & Ay WHolFF M26S o &% 250 g/LY %F
oA HEH HEE v FHE Fig. 99 YebiA}h. Erythritold] ¥
< AZAAZT B AEHez Frste AFE B+ Jdon Az
o] Hujo] =2% olFHE glucosed FE7L F43] Fade R ¢ F
AAeH, o= dolUAE glucoseZt BHEF 7o) w2 A erythritol2 HESH
7l gqRreog FAHQc,
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Fig. 9. Profiles of cell growth, glucose and erythritol
concentrations during the batch fermentation of
mutant M26 in the medium containing of 250 g/L

glucose.
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olg]d 250 g/L glucosed] APZAFA}+= %7 100 g/L9 glucoseE AL
o A3 vnd o FE3 PiAdol A 17w, 138 F1E Re2A
A A erythritol &ite]l 7hsd &9 & Rog Alggd. =37
2 27tx2] Ao 250 g/Lo glucose ¥+ H &2 erythritol A8
4e A HAHe C/N raitio R 454 23& Agdde e ¢ F A
Aot & 250 g/L o429 glucose WA MEAZZE A#dt] specific
growth rate& Eoj=gn, T 1 o|se] & glucose FEANHE
erythritol A4H& A3t FEE A5FRE AT FA X&7] 92 32
2 AZEri, 41).

t}. Yeast extract 59 93

& AYAE Table 39 HAMAE 7222 3t yeast extract ¥ &=
7} erythritol AAtd] mlx= PSS HESHIYTL. Z glucose’t 100 g/LE
H7td 2aEw A 200 mLE 500 mL baffled dflaskell €32 30 T 200
mmol A yeast extract? FEZ 5~15 g/L2 W3IA|F|HA HolFF M26
S AHEEe 84412 v A A FAE Table 223 Fig. 109 JeEFR AT

APAAAAM 5 g/L9 yeast extract F=NA Ao 0.094 g-erythritol/
g-glucosed &3 0.112 g/L-hre] A4t & Yeldllen, yeast extract
FEZE /Mgl we g3 AAE EF LT olde wdE A
X FTE yeast extract? FE7F F7Hgel wet F71skd 10 g/LY yeast
extract T4 Hd 153 g/L9 HMEFTEE <4< F AU 28y
yeast extract ¥=7t 10 g/L ©] 4 Zfols ¥ C/N ratiog 7] W&
o AXFx=rt 718 A Fked, ol glucoseZ7t AX] YFF Ao} H
83 diA|RZ F2 o] &HUY] QEQU RoZ Algdu.  o]¢ o
C/N ratio?t ¥<& iR ME erythritol®] &3 iAol ZAdPed,
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ol HAE AN YAEL HFoz A7 YHME C/N ratio’t B

Mg Agae o NYBY gAol ABHRA LI Bulst 27

o= Pfyffer 52D Aze gAstdt ety FQE PALS 9e wix
9] C/N ratioe UWHAQ BEuiA 2] C/N ratio 2.t} Eolol =in] 4 EAA

€

e

o 24& FHM &L 789 erythritold 44 5 AL T 5 AN

Table 21. Effect of yeast extract concentration on the production

of erythritol by mutant M26.

Yeast extract [g/L] 5.0 75 10.0 125 15.0
Erythritol yield (g/g] 0.094 | 0.079 | 0.043 0.030 | 0.024
Cell mass yield (g/g] 0.140 | 0144 | 0.153 0.151 0.151
Specific growth rate [hr''] | 0294 | 0297 | 0298 | 0311 | 0306
Productivity [g/L-hr] 0.112 | 0094 | 0.051 0.036 0.040
Erythritol conc. {g/L] 9.4 79 43 3.0 2.4
Cell concentration {g/L] 14.0 144 15.3 15.1 15.1
Culture time [hr] 84 84 84 84 60
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of erythritol by mutant M26.
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2. 7719 vx9 9%

€ 7oA Table 39] ZAEWAA H7tE KHPO% (NHe)2S0.8 3%
of tigt ¥¥& HENFEYG. $4 buffering agent® H7}5lE potassium
phosphate®] 4&& HAESY] A 100 g/L glucose®t 5 g/Le]  yeast
extractZ7t EEHE vlx] 200 mL& 500 mL dbaffled flaskd] ¥ 32 0~5 g/L
o] potassium phosphate® % 718t erythritol & & 83t

A¥A7} Table 22% Fig. 110 debd 23k gol P 484104 4
g/L o149 KHoPO: sEME erythritole] AAo] Adiziez A ek
wed, ol %71 AXAAF Fa% buffering agent29] Fdd] 9o
AX3FH 27 ervthritolel Aol IFE vl Aoz Algdd
KHoPO:ol %71 4 g/L olgtallAE sl 4821kl A erythritol BAje]l #
Abstich ZE{v KHoPO«E. A7tehz] & wixlolN e ik 27713
erythritol & A &H o2 AAs HF erythritoldl FE7F 4 g/Lel KHPO,
FxolMet FAIR & Jebldth  Erythritol?] £8& 4 g/1.9] KHPO,
FxolA 0152 g-erythritol/g-glucosee. & A gt Yelhyigen, a2 o)
8o FxolA Brd 158 7t & AE JeEUAY ol3§ AxE &
29l glucose WAME Z(Fig. 2)914 2 %o] glucose’t pentose phosphate
cycle® A AMAAE erythroseE erythrose phosphatase?] A8 Alo] 23}
o erythrose-4-phosphateZ M5 A oA KHPOs B E7F EAHA
FFE Ve HAoR Alggh ‘

dtH o2 (NH):SO = g8 77 49z ol ojg=3 ot
med B odFe gadAdE ¥gHo Ux  (NH):S0:0 F27t
erythritol Aol vl X F3& ol s YaiM 250 g/l  glucosesd 5
g/L9] yeast extract’t ¥7tg AW A (Table 3)9] 0~25 g/Le & &
2j3td 500 mL baffled Adflaskoll A 48 $AHFS Fig. 129 Table 23
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of et Aot (NHe):SOq H7bol 93l A glucose 229 A EA o= 3
A FE vAA ZR2Y (NHW):SO0.E H7stA] €& # 9Bt erythritol
Aol daste FFE Yeluly (NH):SO0« BE7H Z718e] ohe} RS
2 glycerol® F7t8le F¥S YUtk (NHa):SO.& H7lstA] ¥ 7
¥ ¥ 297AZkoM 054 g-erythritol/g-glucose®] Ao erythritol 58 3}
0.395 g/L-hre] A4S Yehlidd. o] of 22532 &3 Fe glucose?
Y2 32.2 g/Lol A tHTable 23, Fig. 12).

oo A¥ATNZRYH FrRAYoR viAd] HIIE (NH):S0.= =
7] AERFA L Fol H5xH BAZ erythritold A Rz
glycerol8 7 Aoz 9 KCl == NaCle #H71e oo} §AHS A3
£ YEoy, ¥ AREEE (NH)S0S 3527 te 24 dae
A g Aoz degd. gad F7) Fade] HHE erythritol A4kl
o Bdez AT £} YAAH S ZaAdle 2HE AU,

nx

)= )
T4k

R

o

Table 22. Effect of KH:PO4 concentration on the production of
erythritol by mutant M26.

KH2PO4 (g/L) 0 1 2 3 4 5

Erythritol yield (g/g] 0.137 | 0.08 | 0.08 | 0078 | 0.152 | 0.126

Cell mass yield (g/g]) 0.132 | 0.122 | 0.129 | 0.128 | 0.131 | 0.154

Productivity [g/L-hr] 0.092 | 0.116 | 0.085 | 0.052 | 0.162 | 0.183

Erythritol conc. (g/L) 137 80 80 7.8 152 | 126

Cell conc. (g/L) 1318 | 1223 | 1285 | 1275 | 13.13 | 1541

Culture time [(hr) 149 69 94 149 94 69
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Fig. 11. Profiles of erythritol production at various KH2PQ4
concentrations during the baffled flask cultures of
mutant M26.
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Table 23. Effect of (NH4)2:S0O4 concentration on the production of
erythritol by mutant M26.

(NH4)2SO4 (g/L) 0 05 1.0 15 20 25

Erythritol yield {g/g] 0539 | 0.484 | 0.408 | 0.331 | 0.305 | 0.287
Productivity [g/L-hr] 0395 | 0348 | 0277 | 0210 | 0.193 | 0.208
Erythritol conc. [g/L) 1173 |1 1033 | 961 | 828 | 762 | 618

Cell conc. {g/L) 2158 | 2198 | 2317 | 24.16 | 2392 | 23.00
Residual glucpse {g/L] 0 55 6.4 6.1 6.0 11.6
Culture time [hr) 297 297 347 | 3946 | 394 2a7

AEAN OB (NH):S0:5 iAol #Hrbsle 9ol exponential phased]
A HNERED glycerole]l A& FAAA erythritol®] F4HE Azt
Wol# S M262 wuixlel FHe 24 1=z § A7t T me AA3e
E4do] gAY erythritolS F8 A452H Bd2 AJsAw, 83U
%, &%, pH, 282 B7|xdd g q8d¥ & JSE AAE 29 2
2]u} osmotolerant yeast$! Hansenula anomala(32)& ©}-&3to NaClolyt
glicose2 Hi Aol A water-stressE EQFL2A glycerol & A3
Bastgov wAd Frizadel Hrotel wet & FF LTS Eul
goie Ane riEY FRR AN FolE £ YU olAT AAEFH
&4 yeast extractE o] £% 71&2] HFuixld] HIIHAL FriEALLY
(NH.):S0.& ZHEuAAM AAstn Fridadoz wrz4gde MAE ¥
SA4e 7 uAEe] AL AR e 4 niAe A9
co-factor ©] &7} vitaminEe]l 77 erythritol B4tell vl FE¢E 3
Efold Yadg gHE.
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Fig. 12. Effect of (NH4)250a concentration on the production of
erythritol by mutant M26.
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G d vxd g8 454 9%

FLE Bl olgHE R4 WS 71T FFE wiA el Fol #it
¥ o water-stressE Wol FYEFL T2 YAsdE B BuEo)
AH25,26). WA & AdPAME KCIE AHE3t -Hol erythritole] A4
o P& YL AT baffled flask WIS F3td Hd9 erythritol
A& A8 HAH KCl ¥5& AA3e 48 Y3

oA F o ZF¢ wiA Wl KCIY & 0~40 g/Le ¥HolA flask Hl
Foll g APE PP 20 g/LAX HA Y erythritole] AF=H A
(Fig. 13, Table 24). A2 432 KCI1 F=7 20 g/L ©ldldl A= Ho)
gle Z¥Ed:E A deEwced, ot A8 FFU Condida sp. JH7F
osmophilic yeastd& ©Al &9 #Q AAFE Adeltt. a3y KCl9 ¥
=7F 20 g/L o128 zAdAME MEA] ASE wo} erythritol WA F
of Aoz WA delwtt. HHe KCI vx=o o3 water-stressE
wol A E Hd erythritol®] 4S 285 g/l ol od, ol o] Y& )
Aol gas vlud o 138 Tt FEojch. wiF 108X A F9
KCl ¥ wix]odAX 48 23S Table 249 Yetl Aot
Table 24. Effect of KCl concentration on the production of

erythritol by wild type.

KCI Concentration {(g/L.) | Cell concentration (g/L) | Erythritol (g/L)
0 222 214
10 240 24.0
20 24.8 285
30 199 14.2
40 18.1 13.0
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Fig. 13. Profiles of erythritol production at various KCI
concentrations during the baffled flask cultures of

wild type.
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g FolFF YU M6 ol g 84A12e] Yol Table 259 M9 2
o] 50 g/L8 KCl sjAlolq Hujg erythritolo] B4 5 Ak(Fig. 14). HF
o] KCl $27t of8@Fol vls] ddizdez £& e HolFF Mol 9
WA HoladFgd g A F& Holn, YEESEE o UM w27 Ay
gk olald HEA o st WoldF M26& KClY ¥E7t 50 g/l o
FAMNE AE JFol AHE wA &3 DFE erythritol o] 5@
Aoz BAY. ol WolFF M2 ¥ 45U WA & 40 g/Lel KCI
Wi A ok FF e} WolFF M269 WAZEFS vlud 2E #$43] Yet
dth. & ofZFE dol Qe uixlel s AE 4P 80% FEoB
dojAj v whale] WolFFYU M262 AXF st Hdgen, 543
erythritolol oF 218 ¥ A 44€E ¢ + Atk o] HA9 KC 5%
ol A erythritol®] AL Fo] gl wizlel uls] 11w} Frlels vl
FF9 F7H8 Bolzm e, ojAL Wold ot Frig WelFF o 4
G uiAel nExe] 9E AAFHY TR oArlEgE ¥ A%
¢ oM AEAGe waoz daleluxirt ALEEHAY dEos 4
gk zey gol@F M6 Heold duid oz Qo o AREEE
F7tsted Zhzbe] KOl =04 WHoldF M269 erythritol B4 S ofd T
Fo vlste) 3A FFEUTG. F HF KC =AM ervthritole] B4y
& ol FF7F 026 g/L-hr Udl Hl& WolFF M26& 033 g/L-hr2 ¢
F AAE dvepdith. olXF dE AHEstd 5SS &< 2ddMy ¥

EE %3 compatible soluteq! BEFe HUFNHE F=3 4B E o)
A E2E8HE7 gl o8 Wol@ o mannitol, erythritold B EF %

2o F AAHFHo] Fgtte B YASE Aot(28). =T E 4y
oM el o3l water-stress?t 7t W AAMEHE FYEe FH A
#§cE Luxo $(29)9 4¥4dE A
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Wzl do] EAE wet EAEHA AE wo oNFFY LHAFE
Fig. 15914 vl2 &gt o] fle Z$olM+= stationary phased] HolE
o] MEAFo] E5tdo] we} erythritolel F7F FEE o] ZAstErh
B gol Ae AFold AEAdFel dE Folx ALHoZ erythritol©]
A slo] vk 60412 ol FRE]9] erythritol A Fol BAE Aol el
He 2 B F AUk oA diAdle] Alg dol e dol o
water-stress7t Ul &9 BFLE HlE £ GEA Aoz Almd
o o]sh o] ol A¥ WA HFUe] F7HE F8 erythritol A4
717 doid € ¢ F UAUAY, Bl Hls & FAHAHLE AL TR
Mz AEGRE Afdd. 2222 49 Hrbel o 2589 erythritol
AAE @A A Rez AZrdr.

Table 25. Effect of KCI concentration on erythritol production
of mutant M26.

KCl Concentration (g/L) | Cell concentration (g/L) | Erythritol (g/L)
0 233 25.0
10 24.0 252
20 22.7 237
30 229 233
40 239 271
50 22.1 276
60 21.2 265
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Fig. 14. Profiles of erythritol production at various KCI
concentrations during the baffled flask cultures of

mutant M26.
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Fig. 15. Profiles of cell growth and erythritol production during the
baffled flask cultures of wild type with and without KCI.
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4. Mol dF9 erythritol TE XA HH3

Erythritol 449l 445 AsfiMe Lazxde AH3dE Flo Hy
o F&3 YU4E A 24 e AASAG. B dFME AR
A7 erythritol?] 4o 703 &L viXEe F7] @ awty LELE,
si21e] Z7IpH 2 pHe Z o] erythritol®] A4te] vlAE Fae AES]
Rt

7t. E71%F 4%

FLE AL BAHA T 2AARZ wiA e Adae FFolnt
AE W @255 HF #go 2AE3te dre MAEALFE Aojstd G
G2 A3t gulo FAste] FLZo PAFgo) sME 2 FFL WX
T 8dez g, a2y AAFES AFEE @i 5L At
9 A4e2 JYPSHY AEHNY dAETE oA Ao g g
dE MM Fod FRAAZ FLEE §719 JFE Lot Y
o & AFdMe WolTF M26€ ©|8£7 erythritol BAtollA E7]9 o
FE AESV] 3l wERZ IAWELEE 500 rpmo B FAFHA 0759
A 20 vwm7tA1 9 B71Z2ANA %7] wiA pHE 7.0 ol glucose FE7}
250 g/LY LEHRZ 10 LE 25 Lo HER(KFC) ¥ 28 CollM Ay
< FY3dh

4823 F719 F7ld @& glucose, ¥ M, 221 erythritol ¥ A
& Fig. 16~Fig. 199 Yetuid, E712Ad°] 1.0 vwmg 74 $(Fig. 17)
o erythritol®] AR L F£&o] & 07 g/L-hrF 057 g-erythritol
/g-glucoseZ 7173 E=Al YelAcHTable 26). AXEE= vl 205A] 7ol
A glucose® EF ARE3HEA 357 g/L9 HAge Uetudrh. olxd



el erythritol BAA#H $&& Vel olf2e X APHA A ol &
g oulx gol thE Fr1x2d 2o B 0287 g/gsl FE YU o
A Aoz AsdHY T HF erythritold wix] W BXE 1433 g/LE
A g 28 s R, ol 2% wixe pH Fol BYF HE
Z7208 53 flask idolMe] F&3 AJIHE vIE HAE Table
27 YeEhiRt.  HlEoA AT T 238, erythritol F&3 gL
ztzy 2619 299, 28lm HF erythritol ¥E& 83u] F4d ¢E Ye
WA th(Fig 20). ©leld Axte flask Wigol Ho $89 erythritol AAtel
o 8T 4o A2 E AFHA ZaAew HazdME 48 57
ZAdA 250 g/LY glucoseE EF AZSHA] erythritol A4tel Wi r)
72 A& o]FoFHr] fjEolnh. ol FUF AMdA AXT Uy
NAD'/NADH redox balances] w&} glucosed] tAlEEE ZA e AR
A 9%e v, B3 45FY WY AEFFE ALEE erythritol B E
M HAFe] Frizdd Ivszd o Hde £&& HEIHAUTE
Groleau 5(38)8} d7ZAA%E: YA g Fr1Fe Frbe wet 29 4
o] gty Zeid AUed, 4¥FF F1Fe] Frbol we} WA AT
gE5e 2% Jehitey 1.0 vwvm ol4de $71xAAE erythritol
Fg7 Aadol FAse FFS UehddY ARG WA ERFEFFE
o8 FgEe] YoM Hoe] FUZ HAE HHME 5713 2dE #
As Fojop drin deiA e, ole ke FFol FEIHA XY B
$-of o &-& 7 glycerol 53 £& BAgo] AMHE AFgol Uvtzn HaH
3 QrhH3R). wWEkA WolFF ML IV LEZHANM & FEY
erythritol & #4% 454 2HEZZ AGA57] H&ol erythritole] £2lA
A7t of & gl Aoz Atz dL



Table 26. Effect of aeration rate on the production of erythritol

by mutant M26.

Aeration rate [vvm] 0.75 1.00 1.50 2.00
Erythritol yield [g/g) 055 | 057 | 046 | 045
Cell mass yield (g/g] 0.117 0.143 0.127 0.128
Maintenance {(g/g) 0.333 0.287 0413 0.422
Specific growth rate [hr™'] 0.152 0.131 0.126 0.156
Productivity (g/L-hr] 0.55 0.70 054 0.58
Erythritol concentration {g/L] 1312 143.3 1150 1118
Cell concentration [g/L] 29.29 35.69 31.67 32.12
Culture time (hr] 240 205 212 192

Table 27. The comparison of cell mass, erythritol yield, and

productivity in the flask and fermenter culture of

mutant M26.
Fermentation Erythritol | Erythritol
Cell conc. Productivity
prameter yield conc.
(g/L] (g/L-hr]

(g/g] {g/L]
Flask culture 15.74 0.221 17.2 0.239
Fermenter culture 35.69 0.570 143.3 0.700
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Fig. 16. The profiles of cell growth, erythritol and glucose
concentrations during the batch culture of mutant M26

under aeration of 0.75 vvm.
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Fig. 17. The profiles of cell growth, erythritol and glucose
concentrations during the batch culture of mutant M26

under aeration of 1.0 vvm.
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Fig. 18. The profiles of cell growth, erythritol and ghucose
concentrations during the batch culture of mutant M26

under aeration of 1.5 vvm.
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Fig. 19. The profiles of cell growth, erythritol and glucose

concentrations during the batch culture of mutant M26

under aeration of 2.0 vvm.
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erythritol productivity and yield of mutant M26.
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Y. RS x o o4

AREEE F71FF o2 wjx HE29 42 AdEEE(oxygen
transfer rate)ol 9%< vl ¥ oje} vl4Eo] ojgY 4 & WA
Wel z+3 JgEee EFAE A 4%S viAd. oM F71FE 10
vwml=2 FA3HA 400~600 rpme] mEFZEANA 250 g/L9 glucoses}
Zgg 2EWR(27] pH 7.0) 1.0 LE 25 L9 RAZ(KFC)Yl ¥ 3 28Tl
M AEs 33 AE Fig. 16, Fig. 21, Fig. 22¢] Jeluiict A8 A7
A wRiExe] Frle] wat wiz] Wz ol i AL JPEe £l
718 AU shear stressZ Qg A E Ao Z21HA A& 2L
it HEFEE Z23AT. F TWET 400 rpmol Al vl g 18941l
glucose?t 25 AESHUA 386 g/Le Hd AEFEE Jehdidt. 29
Lt 500 rpme R EoAM  erythritold F£&3 AAML 2 057
g-erythritol/g-glucosei} 0.7 g/L-hr2 Hog< Jvedidok. - mary
erythritol AAtelA F71F3 &S E 10 vwm¥ 500 mpmollA oo
AR £8& & F AJ(Table 28, Fig 23).

Table 28. Effect of agitation speed on the production of erythritol
by mutant M26.

Agitation speed [rpm] 400 500 600
Erythritol yield (g/g] 0.410 0.570 0.480
Cell mass yield (g/g] 0.154 0.143 0.132
Productivity [g/L-hr] 0.500 0.700 0.660
Erythritol concentration [g/L] 1035 1433 120.7
Cell concentration [g/L] 39.03 35.69 33.14
Culture time (hr] 204 205 183
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Fig. 21. The profiles of cell growth, erythritol and glucose

concentrations during the batch culture of mutant M26

under agitation of 400 rpm.
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under agitation of 600 rpm.
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erythritol productivity and yield of mutant M26.
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Sol 4L v} gutHoz 2x7t FF ot AELAZLE HHH
o2 Frhsigrt 94 2x oAddME Fade AEE dedEd lag
phasedll A o] P2 A4 AEEY FAHd T8¢ 7S viAls Re
2 gelxy U

Erythritol 48 A HHo v eEE 237 #3lo vjges ¥
AE 24~30CZ 3+ 100 g/L2l glucose Wiz 200 mL-& 500 mL2] baffled
Aflaskoll A wigstn PHE erythritold] F=& AU wWiF 84213
o] opFF o WolFF M269] HPAFAE B ofATFF F ol A
XL 26CoAA 7HF ¢F3dn HolFF M26L 28ToA 718 &
AXE=E el v F ZFdA4 25 erythritolo] A4E 9
HHLEE 28C oldev, 2 A#E Table 29 ¥ Table 3034 Fig. 249
Fig. 259 Yerd At

Table 29. Effect of culture temperature on the cell growth,

erythritol production of wild type.

Temperature ('C) | Cell concentration (g/L) Erythritol (g/L)
24 21.2 152
26 23.1 15.8
28 220 19.7
30 18.1 19.2




Table 30. Effect of culture temperature on the cell growth,

erythritol production of mutant M26.

Temperature (C) | Cell concentration (g/L.) | Erythritol (g/L)
24 175 154
26 175 150
28 233 25.0
30 21.0 20.7

Flask wj¥e] Z#E Ediz 3ld L2EXE o8 X HF2EE
AAQst71 st 250 g/L9 glucose M1 10 LE 25 Lo @ FEZ(KFC))
¥ 10 vvme 718 500 rpm®] wwto g Ztzhe] RE XN AYPE
Fystdct. iFAgo] @& glucose, M 3F, 22 erythritol A F 5
< Fig. 26, Fig. 17, Fig. 279 et 1, Fig. 289 2% we& +£&3
Aade ¥ske Jepgch. HoldFE M26e 28TAAM MY e
erythritol &3 A4 L Yeluides AXEEE 30CAHAM 410 gL
7} A JdEboi(Table 31). metd WoldF M262 o &% erythritol
AReMe AEZGA FAHY 228 G Fe XA erythritol A
Aol 4ol ¥& Aoz AE¥®Y. Erythritold 44 93 JH o wiy
2xo B 7E dFAEY 48 AHE B2Y¥ Kim(39)3# Aoki $(12)2
30C o4 58 HA wIY2E2 RIsgey, 746) $& 26THA
Ao 529 erythritole ¥¢ + ATT washth Peel W FUHL
Trichosporonoides sp.& ©]8 % erythritol Aol erythritol A8 ol
T 259 gl AAAT 32T o3 xdAM FAEZR glycerold] ¥ %
7t F7t8E RadAeh olXE Ao BE2EE Yise d9FY F
F 2 otyet Atgste #39 TR wel gEdidE e 4 £ AAG.
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Fig. 24. Erythritol production of under various temperatures during

the baffled flask culture of wild type.
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Fig. 25. Erythritol production of under various temperatures during

the baffled flask culture of mutant M26.
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concentrations during the batch culture of mutant M26
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Table 31. Effect of culture temperature on the cell growth, and

erythritol production of mutant M26.

Temperature (C) 26 28 30
Erythritol yield (g/g) 0.440 0.570 0.400
Productivity (g/L-hr) 0.504 0.%60\ 0.63
Erythritol conc. (g/L) 108.0 143.3 86.7
Cell concentration(g/L) 3443 35.69 4099

2. wixle] 27] pH 2 pH 249 9%

pHE MEA G dAiAbEe] oM F8F FFE vxs YEAA
g, ole MELE AFEA FHSA RdE H'9F OH o] Axzg
te2gde 20129 FEFul(proton motive force)E A3t ATP A4
71l T2 AL 3k 53] HERWAY 27 pHE 29F AAd &
d&g pxE AAtoltt. Erythritol ¥ENME dwzoz waHAy Fo
wjgeel pH7t RotAEd, & HAPolMz 27| wixle] pHZ 7090 B¢ &
& ¥rlole pH7E 36714 HeolAle RAE ¢ & AT ol #iXdl NHs
b Aagdozd gfso Ue wW NH7b ol 85 H7F HEHxn g
¢} pHE "oix|7] @ Foltt, T o ZdoHe M4 E erythritole] ¥
Bl E $i3le] H' ojec] ¥l£Hs ffo2x ARHAT dFgoz R
v 2edd. oJAHY el wixle pHE MX 433 2UZ Al &
GFe s Qo 2AHo dow Wgo] wep WETH Fo pH =
Aol 8 FH7I= ot ZEyd FLEQA xylitole] AibdlE pHE Z AR



ST ol #FeEd HAeg HyEo i(42). ety B APdAME pHE
ZASA ¥1 viR 9 Z7] pHE 4.0~80 B2 3o LEAYLE T893
Hou, 84A12te] BHAA HPAE vlwstYH(Table 32, Table 33).

Table 32. Effect of initial pH on the cell growth and erythritol

production of wild type.

Initial pH Cell concentration (g/L) Erythritol (g/L)
4 17.0 13.0
5] 18.0 12.2
6 19.6 17.7
7 24.2 19.7
8 224 16.1

Table 33. Effect of initial pH on the cell growth, erythritol

production of mutant M26.

Initial pH Cell concentration (g/L) Erythritol (g/L)
4 20.0 126
5 227 214
6 254 216
7 24.0 235
8 242 186




AY AN ofBTFo A$ pH 70004 MEALZT erythritole] A
Aol e HolFF M262S pH 6091A MEAHFo] S4sg o}
erythritol®] YA ZFE okBFF 9 2ol pH 7.09M 7% £4 3 H(Fig.
29, Fig. 30). WIAA 22 erythritold] SAE AAHZAHNA Hp FA9
pH ZZo] {aEg Ro=z uebhdid, olx erythritol Ao BAst:
erythrose dehydrogenase ¢ & A4hgo] pH 7.09 ZANA Aoy w
A Aoz Az €

2anAolM pHE YR HsAN 2PL F37] $std 23
ZolM 48& FYstdct. 4PE 250 g/L2 glucose MAE o] &3t 1.0
vvme] F719 500 rpme] Z¥tE T2 28°Co ZHA pHE ZAsidA 4
e F33td glucose, M EF K, erythritol ¥ 5 & Fig. 31~Fig. 359 Y&
Witk A¥4d 3 Fig. 3194 BXo] pH 3094 erythritole] A4S wje
40/t ol F2H AAGH7] AlZstgon wlg 22822 glucoseE EF A
zatA Hof 1322 g/L9 erythritold AAtatdch wiR %7 74A] glucose
£ 0052 g-glucose/g-cell-hr® A X3 54%9 $§& Yeugen
erythritol B4 & X = 0.025 g-erythritol/g-cell-hrel Qt}. o] wje] AJAbA)
€ pHE =32 && 2d8Y ¥e 058 g/L-hrol Atk AX9 Huj v
AREEE 0165 hr'olglon] Wi 27] 3498 /LY AL Ve A.
Fig. 32o] 419} o] pH 4.0 & erythritole] AAdo] w3k 10413 o] X
E] AlZts]o] ik 228A17+o glucoses RE £2sAA Ho 1207 g/L9
erythritol S A48ttt Glucosed] ¥lAR &%= 0042 g-glucose/g—cell-hr
ol 48%9] erythritol ++&& UENAATE. o]m 9] erythritol M AP EE
0.022 g-erythritol/ g-cell-hr o]glo™, AL pHE =AsIx] ¥ =2
o2& 059 g/L-hroliet. Ao Hof MAFEE(wma)E 0220 hr'
2 pH 3020 o7t Eoton widdrle AXFSEE 340 g/L oI th
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Fig. 29. Erythritol production at various initial pH of medium
during the baffled flask culture of wild type.
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Fig. 30. Erythritol production at various initial pH of medium
during the baffled flask culture of mutant M26.
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Fig. 33914 B Xo] pH 50904 erythritolel B&de] v} 27]%€ Az
Hol vig 24041t glucoseE 2= ARIHHEA Hd 1308 g/Lo
erythritol & A&t ojufo| AP pHE zAsA &e zdrd
2L 059 g/L-hroldtt. A2 Hd vAAFEE(xm)E pH 6.0(Fig. 34)
o4 0260 hr'2 742 EA Yed oy erythritole] F$E7 Azt S )
% 279 AEFEE pHY F7lel we i #FiAHE IS B,
pH 7.0(Fig. 35)l & glucose®] 2R & X9} erythritol A S E7} oj$ @
o T HF erythritole] FEE Wl EA Yehdo

HolFF M262 713 glucoseE 42238 Hd vBAFSEE(xm)7}
A4 pH 249X EA YehgAT Mg 2719 AXFse 442 pH
30904 350 g/LE HU9 AX¥FE=E Yehlidol Glucosed HlARZS T
£ pH 40914 0052 g/g-hre} FHugsS Jebdiiod pH 7.044E 0.039
g/g-hr2 HA e Jehlidoh(Table 34). old g Ade 27 Axsce
glucose® AHl&ExE FA pHAlA =4 JExt e, erythritol®l &3
A LS w& pH =AM HAQA Rez veyd. E pHE FotA e
T2} erythritold] 44 &=e wnldloz a3 Ad. webs MEA
&£x7F ¥ WG Z7] 36A3 T4 pH 7022 FA7t 36417 ol F
28 pHE WA A Ao erythritold] AT 8o FAHAXE &
toi(Fig. 36, Fig. 37).

AE8H2F Fig. 383 Table 344 A E%°] pH 28& 3% erythritoly]
AR 8L Y £ YYo=z ojFe AYdME pH AL 83
skt &7) wixl9 pHE 7002 3l A=A ¥z widsts 7o
Ho|FF M26& wjF#HAoA pH7F 23~25 74A Holx|&d), ole L i A
A Tl AAYozA FFE UL W NHS o vl A#2 H7F w&
53, =g erythritol®] 2 & 3t H7F E=HA7] dEo2 A€t
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Table 34. The effect of pH control on the erythritol production by

mutant M26.

pH control 3.0 40 5.0 6.0 7.0
Yp/s (g/g) 054 | 048 | 052 | 044 | 035
a; (g/g-hr] 0048 | 0052 | 0.042 | 0.040 | 0039
g» [g/g-hr] 0026 | 0025 | 0022 | 0018 | 0.014
#max [hr''] 0.155 | 0220 | 0.228 | 0262 | 0.162
P (g/L-hr) 058 | 059 | 050 | 040 | 0.32
Pm  [g/L) 1322 | 1207 | 1308 | 1108 | 77.1
DCWy (g/L]) 3498 | 3396 | 33.19 | 3351 | 3065

Ty [(hr) 228 | 204 | 260 | 276 | 240

Yo Erythritol Yield [g-erythritol/g-glucose]

Yws Cell Mass Yield [g-cell mass/g-glucose]

M: Maintenance [1-Yps~Yws)

#max: Specific growth rate [hr'')

P: Erythritol volumetric productivity [g/L-hr]

Pm' Maximum erythritol concentration [g-erythritol/L]
DCWs Final dry cell weight (g/L]

Gm: Maximum glycerol concentration (g/L]

T Fermentation Time [hr]
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Fig. 32. Profiles of cell growth, erythritol and glucose
concentrations during the batch fermentation of

mutant M26 under the control of pH 4.0.

- 361 -

160

120

80

$
(=

Erythritol Concentration (g/L)



300

&8
A %4
(=]
£

[
<
<

150

100

Glucose Concentration (g/L)

50

0O Glucose
® DCwW
A Erythritol
- 40
430 g
=
8o
O
=
4203
O
[
o
-4 10
] 1 1 1 0 -

48 96 144 192 240

Fermentation Time (hr)

Fig. 33. Profiles of cell growth, erythritol and glucose

concentrations during the batch fermentation of

mutant M26 under the control of pH 5.0.
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Fig. 34. Profiles of cell growth, erythritol and glucose
concentrations during the batch fermentation of

mutant M26 under the control of pH 6.0.
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Fig. 35. Profiles of cell growth, erythritol and glucose
concentrations during the batch fermentation of

mutant M26 under the control of pH 7.0.
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Fig. 36. Profiles of cell growth, erythritol and glucose
concentrations during the batch fermentation of

mutant M26 under the shift of pH control from 7.0 to 4.0.
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mutant M26 under thé shift of pH control from 7.0 to 5.0.
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5 FJERE o] 8% erythritol 44 T3 /Y 2 §F38A ¥4

7t @4A T/

Erythritol®] Alabol H@sthzm <2zl sucrosedd sucrosed] EAHEQI
froctose, glucose®] FF-E B7] 9 HYE FY3}Ah Sucrose HH ¥
=9 400 g/Lot BAAYo = yeast extract 15 g/L, 28] AA Y9 12
% AxALe AFAAE FAs7 Add F71 B2YY ammonium
phosphate 3 g/L& 78]l #5 & FP3Acth Fig. 3994 B& uie} o
sucrose7t Aol @l glucosest fructose’t ¥£&7F 1 fructoseZ} A H]
H7] ARNE dqEEe AXAR olFojxm, 7lFol £RHE ILHH
erythritolo] A4 =7] A12tgE &4 Ao Fructose?t WA 2ol H1 1
% glucose’t 2HIE T 14§99 erythritolg A4 A8 HHzHdo
2 700rpm, lvvm, 26C2 vlF & At o2& F=v 149.15g/Lol 2
F83 AL 24z} 0.37 g erythritol/ g substrate, 0.78g/L.hr2 YElR}

Sucrose &3 AE9Q fructoseES AHEE #lYE& AAIH BATh Sucrosed
ol §¥ wae FL ZAM I 400g/L® fructoseE Al&3t9d. Fig.

4000 B JFEARE 2= HAugtdl AR}A EIUATE cell
massT&°] %oy erythritol B4k +&L 022 g erythritol/ g substrate
2 @t 4 fructoses ol2j22E A BHEr] B 45 4
2ol Be oJu]E Foof 3tAT Glycerold Aol F=eAed, Al &
E FuRe 242 @299 olfxE glycerolo] ARHE F4E #QY
g & U Aol 077 g/Lhr Ao,

Fructose®} glucoseE ztzt 200g/L4 A&t wig & 3kt Fig. 41904
BX sucroseE 7122 AHEPY 2E I8 A FALEA WA fructose

28 ¥E glucoseE AvT L QA3 & & YA Fructoses &H3 nHE
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Fig. 39. Fermentation profiles for erythritol production by Candida sp.
with sucrose of 400g/L, yeast extract of 15g/L, ammonium
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Fig. 41. Fermentation profiles for erythritol production by Candida sp
with glucose of 200g/L. and furctose of 200g/L.
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gkgo] o A3] glucoses 71 =9 Hu FEeo Ido] EAdAR, o
2 71x] g@a el @& 2E 2T P BE glycerol 4E BAG. 3§
A cell mass2 A@EE AW dg2dE A4 F& ZAIAE &
At Erythritol ¥E& 111.05 g/LolAdth

. M X o] K9} erythritol 4ol v X pHY 9%

Erythritol A84t% wjxle] pHE Z7] wiA pHZF 670014 2E Furlde
pH7l 257tA "olxe & & + UAd. @A pH/E AES A&7
erythritol Aol WXl F8& #F37] Y3t pHE =A3eA FS 49
79 pHE Z% 67 40 252 =Mt 4¥e AETFE vl Yok pH
%23 & 1 N NaOHE A&t

pHE 672 ZH3o A 23} da28lE Y F26048g/Loln +§
3 PAA L ztz} 0.17 g erythritol/g substrate, 0.34 g/L.hrol%ith. pH 4.0
ol A controlsl® HEE T ZAHN cell masst BWol AAFHR & W
o erythritol dAeol BEE #A & + ANG. d2 g WEFE
12609g/L2 iAoz B AL 2yn, &% Y44 44 031 ¢
erythritol/g substrate, 063 g/L.hr °l8ith pHE =4d3A] &%E 2% pH
7} 25742 "ojAlE AE A  F U & A4EL 22 pHAE A4
§o) 7t5% #F9 5A4E nelstd x7] FE pHE 258 A9 ¥x&
£ F3sidd. 7] pHYH @A =AHALEE 50AL7HA] A cell 4
AL o)A Fux, clEg2E KT 100A1T0] HAMF =84 YA
€¢ ¥ & & Ut olx wiAW pHI HAFELE "Wold w7tz
lag phase’t HolF L& onjgict. HE Z7)E sucrosed el s

glucose$}t fructosed ZF71g€e & F UNZ, 288 AL Bolx] @&
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ek oo ARE BT F@so fig. 42004 Al pHE LA 5
FASE ARG x7] WA pHE ZF S AT 67700 Alztstz
TF7F 44l a2t iAWy pHYY Rolxle S Bol: pHE Z AR
%e ANEEFA7t dry cell massy erythritol A% E£3 58 RE o
3 oz BUgYrh

o AEdel o MX¥eo 43 L eyrthritol Bt P&

LYEL @AM o]E #FF7} compatible soluteZA £E& ¥ E9
polyols& AdhE HE o) 83t & o8¢ niFte wiAo)Me w
E54E TALI erythritol®] AA5-EE Eol7] 43 7S 98

7 KC137t $xo & 43

At o2 FUeZo] Qloe A5G WAL MR FF2, AR
Axo me} FLE A TYH vdsteg 4 100g/L9 sucrose WE )
A d8S FPHed 2E& 26T, vixle 27] pHE 672 3ige
™ baffled flask& Al&3t€ch 281 nAEGS #3187 98 KCl 3%
€ 10-40g/L2 ZZk #7138 n, KCI2 4542 59 wixg 28x ge
Wizl o FFE vwE T ¥E erythritol FAFL L ATslE KCI9
HY 58 & d7E FYsig

Erythritol 44l v]Al& KCIo ¥3& n33 A3 KCl 10-40 g/L o)
Aol A Fgol 2+ 027, 0.23, 0.30, 0.76 (g erythritol/g sucrose)2.2 L}e}
U gixyle] dez H4EYE BdF %—?- cell® compatible solute$!
polyols& © o] Mg & 4 Uk ol erythritold} ©Eo] glycerol
o] A%E AAEe ARE Fd At E3F erythritold] A AFE
Bd KClol gle wWiAME dl2d cell masse 2719} Y @3] erythritol
ol A= vis) KCl EAstel e AEGFo] Ao BYERYox
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Fig. 42. Effects of pH on cell growth and erythritol production
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erythritole] 7138l 222 Bol w9 osmotic stress7t ©]& =&
S ¥59ih 2 E A AT KCIY 3 e 40g/L8 YA
o] ojufe] A erythritol A FL 76.00g/L, &2 055 g erythritol/g
sucrose °} A tH(Fig. 43).

}) NaCl #7tel @& 9%

KCl #7tgol & g NaClE H7ete] flask %S AA3t4A o
AEolMe] 218 KCl #7HA9 i3 Y393, end pointd] WiFAE
st FigdddlA X KCl #7274 8 & 43¢ 2dedl, NaCl

Ex7t BolR 8 glucosed &, = #Fo] Yol EAEs Rz Hol

1AS ol AvEA 2Hd Aoz gAY AdAHOZ erythritol A
#e & alelE Holr] Yo A FFEr &4 F osmotic stress

€ o Bo] o} tAFEC] dE FAHAJTT AYZtETt cell mass F&
KCI #7tA1¢ ©h& NaCl 20g/Ldld 71 52 B%S$552E 20
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A44d 4 &

g BFE FI TFE9 erythritol NS T ATl osmophilic
yeast?! o} T F(Candidia sp. JH)E A1 &3, Lawjze @irgoz
= glucose?l 7}& 58 don AALYo 2 X yeast extract S°] Xo R
WA & erythritol A4S AT YAMAZ AAHAAG. £ old erythritol
& AEARFe Foket 4 Fotstdd. 22 £&9 erythritol2 ABAbs =
dFE N2 Astd mutagend A FKCHY WAdol Hold ®
ojFF M26€ d& + UMUT

Bl KCIE ot BauiAclM Ade #8383 Ao opyaFF
T 20 g/L KCI sizlo A oF 148 83718 BYon AMAHES 026
g/L-hr Aot =3 HolgF M26< 50 g/L KCl wix|ol A <F 1.1 vjo} &
7kt A4 033 g/L-hrE YRt o]2A Hol 9% water-stress7}
erythritolel A4& FIAAdes A& U3dd. =3 52 45 =4
| A erythritol®] &°] 2A FrtstAed, Al WoldFd M26E 50
g/L KCl wiA|oll X LadgL & A7 $£8L& do] e vhAlal va) 1.24)
F7t% 359% stk WA 9] glucose X9 ZF7ld wag 250 g/L 7HA
erythritol®] F&°] Z718dt. & WoldF M26<2 250 g/LY glucose ¥
Zol A H) erythritol A4tFo] 1264 g/L2 AAHRSH $£8L 504 %,
A 3E 0602 g/L-hr2 4= At

SaxA HAHgd g A7EH} L& 28 T, Wi =7 pHE
70, 719k uwk AL 1.0 vvm¥} 500 rpmoll A erythritol®] AJAle] 713
et ol ¥ HHzHANAM 250 g/L9 glucose?t 5 g/l yeast
extract Wi X]ol A erythritol ¥ 5= 1433 g/Le 2 Hdigt-g Jeludch o
W 9] erythritol & & 57% °olx A2 0.70 g/L-hr | dct.
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H 5 & st dxHe MMz ZFe MY

A1d A A

A AARLZ AFE oid F7tstn A7 7t gt 4Fe] LuFe Pz
7bata oy wRge] A% E FAH A a2y Ao FHA Ao
dte /71229 AAZoz Eu Azko] ojfdte FEL I3 A¥e AUA &

AFEES AZIHE Ye AAelth o)t o] HYIHE A AdeE HHrice

straw), W& (wheat straw), ZF4 Z(comn cobs), 5% u(corn stalks), H& 2

ol¥

A

o=

K

(barley straw), A4 di(cane bagasse) T°] e, o5& BF AMAAHY AYE
24 dEEo] HHA EAignocellulosic materials) & FA o] Qth

AAAHCZ B dztd YAHE o1& 7ted d/A EFL o 1,000d &
Azolni(l), Tl AAEE FA MY ¢ 1988 oF 1189 €224 ol F
oA 70% H =7 ®AItHTable 1). °l2d 4 HAALE FHAAME ¥ 7tF9 A}
B2 olg3m YA, o] Huy T dgo o&EHI Qe HdAolt uwg
A B Hzde olEEE U UHHCZR FAFLE AL F JdeER FY
wHol A 79 Aoz JdEd

Table 1. Agricultural residues produced in Korea(1988)

Residues Amount(million tons) Fraction(%)
Rice Straw 8,228 69.5
Rice Hull 1,487 126
Barley Straw 560 4.7
Pulse Residue 444 3.8
Others 1,124 94
Total 11,843 100.0




ARdede F8 d53E8 FALES  4HHa(cellulose), FrjAdEzA
(hemicellulose) ¥ 22d(lignin) 2.2 Hojom, 2} 4&o] 33L& Table 2042 2
o] Fab Hixdo] wal hEH2). A fA(cellulose)= glucose?t B -14-glycosidic
linkage® |2 € FEA(200~2,000 KDa)2A ZAAAME olFz Ut Hemicellulose
T LYHF 2 xylose?t ¥H arabinose, ribose), ¥ &% (glucose, mannose, galactose)
% uronic acid 2 F4¥ FEA otk ¥4 gad(lignin)e WIEF AFEY FEA
2A HEAERY ZA5E 7tAE F4 ARolth ol MR 39 74 A
¥ %9 cellulose?t hemicelluloses 1 F7l7bA1el § &% 7154 el 239 At
ToY Y82 o)8E F At 53 Fug Fa FA AU HRCdE ZFAC
Blated 2ad §Fo] ¥ ¥ hemicellulose® #Fol v Feol 7154 #AvEAY
xylitol®] Aitel w9 X ge dgolr}.

Table 2. Average composition of lignocellulosic material from agricultural residues.

Species Cellulose Hemicellulose Lignin
Cane Bagasse 40% 30% 20%
Corn Cobs 45% 35% 15%
Corn Stalks 35% 25% 35%
Wheat, Rice, Barley Straw 309% 50% 15%

AR EZEZREH Vs AvEAY AAEEE 47 HHAME AR U/ B
A2 2E ligning AAAIFI L cellulose®t hemicelluloseE 22387 Y43 Az 3
o] 875y, F=HAZE hemicellulose®} celluloseE xylose®t glucose® E&H A7) &
b8 FXol e

ARE 229 AXNE 7teEAsd2 20 AFEH B A7) o]FojA] HuFo]
Aok, B1E FAFE FAA 54 WAL HHA 2 HE3r] 41 FAAHY F
AL g A A2 83 = UTH34).

ok



O Dilute acid prehydrolysis : ©] F&RE dilute acid(32 H,S0)E Ao
hemicellulose - lignin matrix& prehydrolysisA] 7} Aolt}. 90% o] Ate)
hemicellulose7t 7t 23l =l o] xylose §°] A4 H A2, ARo] setFSo] Eajso]
G4 Agedd AT AeHE @l At Usix nEBs
Cadoxen(25% ethylenediamine + 4.5% cadmium hydroxide)& H7}st cellulose
E §#AA IHE ligninzg 2o viAtoz Bad cellulose= AF F= 7
A& Ao 93 glucose®Z HEFA I},

@ Organosolv 3% : o] 3L water-alcohol £42 2 ligning A A% Fo] A T

oz

T RAA(xylanases £ cellulases) 2o 93t glucoses} xyloseZ d= wb
o}
~ @ Dilute base prehydrolysis : ©] FAH& 15%9 NaOHE g Has & g4
(xylanases =+ cellulases) A glol] 23l xylose9} glucoseE A& wo|t}.
oleig M E st FAHL A8 A W o) we HEAB YAS
g0l ATy IS oXA Hoz2 HAe 48 $id HAHZASS gYsiof s}

FEY B FEo| Fadtm, £ YHEY BAESo] nAZ Y&
T AT HE ZaVtsEs SHS A Aol glo f8% P9 Fgo] =
ZjE wbg kel Am, 49 7tFo] M. a3y 3 Biistxe slsA ZuEa
o ¥8E AU AMME BarleEs Wio) BRI Roz Aldd.
olg Zol HFA EARHE vlA #r2d AAYEE A7) YANE HA=
AF4d EFZ5E ligning AAXIZ FA N cellulose®t hemicelluloseE 22 5}7)
A BAY FHol 2FHn, FHAZE hemicellulose®} celluloseE  xylosed}
glucose2 E3Al7|= 7hes FAol osith waM B AFo HEFZFQA w4
HALE o) 8F ZITAd AUEFE A B AFE Yskd B FHAdUe
hemicellulose$®} celluloseE RaEFo 2 H@A77] & Axle) T Mo st
AFE FY3A



A2d Ad7As 2 Y

1. AHgd 59 4

£ g A8 S+ & 9 Y39 ARt Browing W) wet gy g
o] Azttt £ & L WAL 60TAN dEA F, 20 mesh® 40 mesh
screend Ab&3td 20~40 mesh 2719 A8 & MEstdt. A8t 4o Ags7)
Aol 60TolA 24412 o] 4 AxAZ & dF& $£Y3t7] dell 245 & ¢ w3
of EMste F 29 ¥FE Klasons L6 wel b33} o] 243Yct & A
E 100 mge ANgHol ¥ 72% H:S04 | mLE #H7Mstd 30+05C water-bathol A
1412t %< incubation 3ttt Al&E 100 mL Erlenmyer flasko) &7 2H<4 29
mL& H7teted B4 F 100CoNAM 1 At F< 23 sheReisigo. steidd
A #E Watman filter paper No.12 o #3ted 60ToA ARAIZ Fo) lale] Ay B
Al #HF Age] FAE A4 AL S5 £ FFoz AP =3
Klason®| ®{e] wel 7t58slg 45 94-& Anthrone (Dol &3t %] g3t
43t Klason®] ol o Ao ZHzel nmjmsgdch

Jb

2. %4 B4 7t5id ¥4 44

20~40 meshd &4 £ 300 mgdl 1%(w/v) HSOs 10 mLE #H7Mstod 100Cel
water-batholl A} ©hgt Al 5 $8-A171 ¥, Watman filter paper No.1& ©] &3}
gt g3g 9 F3AA xylose, glucose B 232 2489l o=
of ¢ nYPEL dA 20 mL FHFE AHEES washing® £ 4%(w/v) NaOHE 3
74eted ligning F&3k¥o. w¥&A2 &4 & Watman filter paper No.l-g& o] &3t
o3t F 2} gdAE2 dojd A= HPLC(Waters)E ol &3l xylosest glucosed)
=& 53393, Anthrone HH(N o3 298 FAASD
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3. a3 Wy 48 da4 23

7Zh AR EF B8 54 43 n|P S g A

g7ol 0 A2FTF EYS A3t 085% NaCl £ 10mloll &gt § Heroy
o] Hg#E 3o CMCH xylang 05% 4 24 X gst= BFadulx) (Y #ix:
0.5% polypeptone, 0.5% beef extract, 0.2% NaCl, 0.05% yeast extract, 2.0% agar)°l
£238to 55TAAM 32y F Mg CMC 287 & 2 H Awsir] s vz
Well tryphan blue (80 mV/ml)& ¥7tstith. 2edtd E2Y Fol 9% o) Y
Bd ZE2 121322 223ldn ol5g JAwIstd g EAste 54 84
€ 2% sl Aoz YAAo] e CMCasedt xylanaseE AMAls= #& 3
FTHoz 3.

U, 54 894 &3

Xylanase 84L& xylang 7|22 s AA ¥ g HAAF £ fad $d9 e
3,5-dinotrosalisylic acid (DNS) ¥ o2 t©}33 o] AFgFgo e &2AHsYY =&
Fol g Al 1.0% (w/v) xyaln £ 05 meollA EANE Hrslm HF urg ol
1.0m¢® 50 mM sodium phosphate buffer (pH 7.0)0] S=2 3o YAHAIZF ¥+g A0
% DNS €9 3 mE M7t vtgE HFRAAIZ B Foll 583 ¥xste] Bz
F A EHE sl £/ SHE AASYG. 2AE 84S 540 nmoAH FHEE
£33 o]l& xyloseE EFEARE ALE3t FYZUs A LA FAF FAE
o vmgozN Fd LD ¥ AAHsAYG. Cellulase 4L xylanase A
ZUPa FUeA AAsNey 7|2 CMCE T3 AlE3dth. B-Xylosidased
A& para-nitrophenyl-B-D-xylopyranoside (pNPX)E 7|2 2 3l pNPXZ 2E &
2] @ para-nitrophenolg€ FAZFFo2H AASAY. FHF %A 5 mM pNPX 1004,
00 mM sodium phosphate buffer (pH 6.5) 125u09} 2332 A8 AL E§3lo
HS N9 7F 05meo] HEE 3t 40TAHAAM 158 #3 A F 1M NaCOsZ 1ml
FAgozA wres FXAN F 400 nmolM FFEE =AY 2L 84 10
unite 1% &< lumoled] ¥34AEE AAHdle BLe Yoz A A

e

[\~

o
e
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1= R B B

2a o] BAas= xylanase%} B-xylosidase® +&43l7] Y3l SDS-PAGEEZ <3
F ogeld 7+ Ziol did FAHIME I W9 TT T gel® 25%
isopropanol®] S99 E 50 mM sodium ph;)sphate buffer (pH 7.0)o) &7 ETEWHA
SDSE AASHAT. Xylanase 8GN E 371 8lM 0.2% xylan®} 50 mM sodium
phosphate buffer (pH 7.0)& &3} agarose gel2 SDS7}F A A ¥ polyacrylamide gel
Aol Rl FEAA7I 50T AAAZ ¥Hg A7l §F agarose gelS #3389 Congo
red (02%)2 F4A712 1 M NaCl2 842 P22 K xylanase LA2¥A o] UE #9
£ FA3}UY. B-Xylosidase A FNE Y xylanasedt FI3 AP o7 SDS

e

£ AlAAIZ polyacrylamide gel€ 05 mM methylumberylferyli-B-D-xylopyranoside
(MUX)E 3¥3 50 mM sodium phosphate buffer (pH 6.5)0 ©Fo] 40CoA w%
AR F AYAS ZABIY 3484 B2 BAIFY.

g axe AA

el Aiste E42F HA7]) HsA M XMl EA3t= B-xylosidase 7%
ZHE HAst A& ZALAE HA AR, MEY ZHELE HFET AL
ultrafiltration2. 2 F%% ¥ AHAld ALtk P4 DA = ammonium sulfate 3 A,
EAAAHE AN 92 A429L 92 FF9 column chromatography & #3ted A 3}
e ARozH FANAUYG 4 HAZE SDS-PAGEES HAIEH geld EAse
gldS gagozN AY3tAth

. B4 54 A

AAY &4 ExFL SDS-PAGES®} gel permeation chromatography & 33t 4
At AN AHFE AHA ¥ pH, %, B&HolL FEE BE3NA olE
o] AAWrgd P X FFE AU

_389_



¥ wedd 28 ¥438 7] 98 high performance anionic exchange
chromatography (HPAEC)E& A A]31% 2% mobile phase2E 0.1 N NaOHE A} &3¢
o9 &5

22 pulse amperometric detector2 7 43} c}.

A} opulx weke] ofulcal Rrlvjd AR

AAEg EAE SDS-PAGEE AAE F geld EAses 99
membrane2 2 &7 ¥F ©9d JMS dn a4k gz BpEg
Biosystem 470A protein sequenatorZ o}v]ix Zete] ojny

e

PVDF
22 W] Applied
Z7] wiE & AAsA .

1L
=

A34d d+23% H

g

L A8 A5 4
2 Addgd Algd

A
%TT

FFEUY EA3E FIFS

=}

32

%o NgE BME A Table 3.3 o] Yebgch. &
AA ANEe oF 68%(w/w) A1

, ligning X33 2 9
oF 32%(w/w)& o]9|

Bud AF#E3} FASATHR)

Table 3. Analysis of total carbohydrates content of corn cob

Total Carbohydrate concentration

Lignin & Others
68 %(w/w)

32 %(w/w)

AR EAY eI A Ad
A HZY9W e hemicellulose?t celluloseE

HE oz AgATIZ] A" dAY
THL A F /A ez FEE 7 UG

AR = NaOHE AHE3tH lignin A A
§ Fo] & HSO:Z A3l hemicelluloseE 2 2 7l E#3ln, Yoz A
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(cellulose)& 7tFE#sts Aotk FHAE HSO.E AHE3td hemicelluloseE
Z % 7te 2 ol NaOHE A8-3te] lignin A3, Yol A E(cellulose) S
ZbrEdste A o) ¥ FF FAA % £ hemicelluloses} cellulose®
g EfAos 2 R ISR AHE THS HAEsr A8 oS ol
44 syt

7}. Lignin A% hemicellulose 23 &3

20~40 mesh® 44 & 300 mgol 4%(w/v) NaOH 10 mLE #7139 100C 9]
water-batholl Al th 3k AlZF F<F incubation 217! ¥, Watman filter paper No.1& ©]
g3t oRetdd. HHAEESE 20 mL FFFE AL washingd F 1% (w/v)
HoSO.E 3718t 100T water-batholl A 6A12F F<t A 7h52 88 Alzch. Watman
filter paper No.lZ oj3le] doja Alg HPLC(Waters)E o] &89 xyloses}
glucose?d] FEE FA3ARL, anthrone PNl & $2L 2 AHE Table 4
o YerdT '

Table 4. Extraction of lignin and hydrolysis of hemicellulose from corn cobs

by first process at 100TC.

Extraction of lignin with 4% Hydrolysis of hemicellulose with 1%
Time NaOH H2S04
(hr) Xylose Glucose |Total sugar{ Xylose Glucose Total sugar
(g/D g/l (g/D (g/h (g/D (g/D
0 ND 0.3 29 15 0.7 36
2 ND 0.3 33 20 09 55
4 ND 04 76 3.2 1.8 9.0
6 ND 05 79 25 1.1 9.3

- 391 -



A2 ligning YA AASE FHAAE xylosed €42 A9 AL glucose
o] 7% At we} 0.3~05 g/L7t &4HE Aoz Jetvt oo xyloselt glucose ¢
O 79 29 A 29~79 g/LE Aol FrtEe wet 78 2o &40 0%
aA Z71s9t ol¥F 1% HoSO.2 hemicelluloseE 7H5-E830 e o WA=
xylose? ¥ Hd 4A1ZF wrgolA 32 g/L A3, glucosed %< 18 g/L Aot o
ZA ligning AA AAANIIE FAHAME lignin®d A B GEo] AASHE GHol
ARt

}. Hemicellulose 7}4=% 3 ¥ lignin A A 33

20~40 mesh®] 24 % 300 mgol 1%(w/v) HzSOs 10 mLE #H7bsled 100C 9
water-bathol Al &g At §< & A7 F, Watman filter paper No.1& ©] &3}
osiget, oAgd BHL FIHAIA xylose, glucose B F739 v& £AH3AL
oGHRo] G RHFEL YA 20 mLe FFTFE AL washingd F 4% (w/v)
NaOHZ #7718l lignin® F&€3t9ch. w3AZ 8948 Watman filter paper No.1&
o] g3t o3 F 2zt dA¥gzE JojA A FEE HPLC(Waters)E ©] 83 xylose®t
glucose?l ¥E & =AU, anthrone W (Nl 3 FIFe F=& FAH3YoH
4gA3E Table 59 Yetigict.

AYA3 hemicelluloseE 1% H:SO2 100ToAAM WA 7teEsAdle B A
A xyloses} glucoses] 4 AHul 82 g/l 4.1 g/L2 YEhgon, olg dgd &
A3t xyloseo] W & Ao 5% oldez FHEY. ol Fd 4% NaOH € A
st ligning A A= A$ xylosest glucosed] £4& A9 gz, K& F9
£4E NaOHE #A AHgste ARG €4 Z2dA9. ode ZIA:s F&
H:S0.8 WA Hgo] we}l HeSO. 3l Be 49 FEe] 99X F2H7] WEQ
Ro g Atgdd.

g 245 £ozREH 83 & 47 HHAME VA HS0.£8 AYstd
hemicellulose® 7}+E28 51, o|F NaOH & @89 ligning AAs}E 4 B
223Yde ¢ AN Oy dFE Hd &9 xylose ANE AT FHY H
A x19 &Y FAE cellulosed] 7trEs 2o g AFE P Aolg.

- 392 -



Table 5. Hydrolysis of hemicellulose and extraction of lignin from cormn cobs

by second process at 100TC.

Extraction of lignin Hydrolysis of hemicellulose
Time with 4% NaOH with 1% H»804
¢hr) Xylose Glucose | Total sugar| Xylose Glucose Total sugar
(g/L) (g/L) (g/L) (g/1.) (g/L) (g/L)
0 ND 1.1 2.4 ND 0.2 19
2 58 13 6.8 ND 03 1.9
4 78 41 16.5 ND 0.2 29
6 82 4.1 175 ND 04 3.0

. AL AAYE ALY Facid)9] 47

EUY Ao pxo AFzAANA o8 FF Ao A HIFH S5 £& Ve
28170 23 Table 63 Zrh AFAFA hemicellulosed] 7t %
Aol g en, Bad B AoAe ol Fike] MY LFIHATUGA. F
Wy 244 29 hemicellulose FE& 1% HoSO4E 100CoA 7k A1 A3
xyloses} glucose® %<& Hu] 80~82 g/L} 42~46 g/LE YEiRT. ojd 2P =
E 54 &0 22 98 3 g2 100 mLY HAE AN EFES Y StFEHE 5
3 Fol| st L2

r,
R

PR

V= ool Buls ok g0 mL AEPh @A €85 1 goll W)
s A& xylosed U2 024 g-xylose/g-raw material ©}3 glucose 0.13

g-glucose/g-raw material °lth. Q& 30% hemicellulose?t A3t o] F A

80%7t xylose & 7AW TR U] EA3E xyloseol tE xylosed F&& A

- 393 -



o] 100% 94 & F UAJ

Table 6. Hydrolysis of cormn cob and rice straw by various acids.

Raw materials Acids Xylose (g/L) | Glucose (g/L) | Total sugar (g/L)
H2504 82 42 175
CH3COOH 12 1.1 5.8
Com cob
HNO; 7.2 34 21.7
H3POy4 3.7 1.8 124
H2504 80 4.6 22.1
CHsCOOH 17 14 6.8
Rice straw
HNOs 70 34 22.1
HzPO4 3.2 2.1 94

2t AAYE AT AM(acid) F=9 23

S Aol EA 3l hemicellulosed] 4 7R alodlA Bato] 7t 435190
°

23 wx7t A bR viAe 9%e AEINAY. d¥e HA £ 45
& EYE 3 g/LE 8t Ao 89 100 mLe EFE Fol A FhFEH A EA

>

13kl w2} xylosest glucose =8 FAHsAT. 4237 54 £(Table N ¥
3 (Table 8)ol A 1% #Ate] 9ol A9 ZE hemicellulose’} 7HEEHE Rz
YEtk Y. meA A heRsle 2HE 1% B34 52 100CoAM 627 Aste
Aoz AAsAT

Table 7. Hydrolysis of corn cobs with various concentration of H>SQ..
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H2S04 Concentration %(w/v)
Reaction 05 1 2
time(hr) | xylose | Glucose | Xylose | Glucose Xylose | Glucose |
(g/L) (g/L) (g/L) (g/L) (g/L) (g/L)
0 0.05 ND 0.05 ND 0.07 ND
2 1.73° 0.65 495 292 6.05 3.89
4 371 1.98 7.19 4.21 758 4.85
6 4.28 3.08 7.88 4.84 8.15 5.02
8 597 429 8.29 5.26 8.45 543

Table 8. Hydrolysis of rice straw with various concentration of HzS0O,.

H,SOs Concentration %(w/v)
Reaction 0.5 1 2
time(hr) Xylose | Glucose | Xylose | Glucose | Xylose | Glucose
(g/L) (g/L) (g/L) (g/L) (g/L) (g/L)

0 0.11 ND 0.15 ND 0.17 ND
2 2.13 0.97 4.67 3.07 5.86 3.58
4 3.28 2.56 7.52 4.06 8.01 4.65
6 4.68 3.11 7.98 4.51 8.12 4.81
8 497 331 8.11 487 823 5.16

b A5 4 A 4@ St EH
Y =& %9 A strda Fadel F F=E oVl A%

.2 A

=TT A& Al
ZhrEE FA0 g AP PPt HAEL 40 mesh olste] WA EE 5S4
&9 B¢

59 1% 348 100 mLst E@3t] 100ToA 4417 Ft A 7h52 4
£ ART R A AL foo) 1% FAEAL Fristed 100 mLrt HA
& Fo tA 9B BT 5 g7 G A AERHAE FYsUT
B 8L 53 A4502 8% A7}E Table 99 Table 109 ebhAch,

g A rhs
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AEA Sy £33 WP 2R 4R o]FREE 2o s &0 33439
Zaste A4S Jdehudd. SR 4 trdd 23 S5F S2028HE F 9%
695 g/Loll dWidted 262 g/l xylose?t 204 g/L glucose’t EA&tt. HAY L&
F 95X 480 g/Lol WEo 122 g/l xylose$t 69 g/L glucose?t EAFAT. Y
g zA7 wygoz A& A e RHE FRHHAE 9 55 £ hemicellulose

7} #132] hemicellulose Bt} ¢ &ol3A] 75 Es€gS & 5 AR

Table 9. The concentration of tatal sugar, reducing sugar, xylose and glucose in

each step of sulfuric acid hydrolysis of corn cobs.

Steps Total sugar Reducing sugar Xylose Glucose
(g/L) (g/L) (g/L) (g/L)
Ist 2241 17.68 10.26 6.63
2nd 41.95 37.86 14.45 9.80
3rd 58.19 54.54 19.34 14.81
4th 63.93 60.47 23.92 18.58
5th 69.52 66.06 26.17 20.39

Table 10. The concentration of tatal sugar, reducing sugar, xylose and glucose in

each step of sulfuric acid hydrolysis of rice straw.
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Steps Total sugar Reducing sugar Xylose Glucose
(g/L) (g/L) (g/L) (g/L)
Ist 1357 12.73 4.45 2.28
2nd 22.58 21.25 7.81 4.78
3rd 26.82 29.91 10.15 4.06
4th 34.57 34.76 11.99 7.59
5th 47.99 41.94 12.17 6.92

3. B2 Wy A8 Hdi4 £

7 ARA2ER B4 52 4479 943 534

FANALY F2 FHEQ cellulosest xylang F & BT F Ue AL
ALE FuEr] Hs AAA AMBAAH e uAHEL 2sln o5& xyland
CMCE &tz &3 Y wixlolAy wigsteeny 22y Fdd AAY 283 54
249 wet HFHoR2 xylang BsE Bacillus sp. KK-13 CMCE &=
Bacillus sp. 79-23& A4%3sdd

ETE TA87] A Peista Asley E4 & A A3 2ad #F5 KK-
7 79-232 X5 Bacillus £ 43l 7208 A=A 79-232 API 50 kitE A}
438t FAF 23 B subtilisst A FAR 5L AUn e Hoez AYFHYS

Y. A{A BEAS BHste Edo] QA AFEA B A2 54 AA
Xylang ¥ 3st= B2 Bacillus sp. KK-10] 43t xylan 2jlgAe] EFL

KK-10] A43lE xylanase®t B-xylosidase, 28]i 218 &4

g dAAGFE BE xylanased PB-xylosidased] EAH L =%

[
>
__o‘lvl
3
£
%
A
o
ET

§4770 2299
A} B,
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1) Bacillus sp. KK-10] 443l xylanased| 543 A A

Bacillus sp. KK-12 50Co|A wjgdg F g 45 Yl 60% ammonium sulfate
< st ¥ 9ulAd HAMES 25mM sodium phosphate 43 €<4 (pH 7.0)0 @
g A #H SDS-PAGE H714E3td gel 4olA xylanase 84 dM S Y3t 243 2 T7
o] &4 4% UellE bands7t BEHJEH 1FFE (xylanse S) 8440 %3 1
FRE (xylanse Y) #4ol ol oFatdch ol @ 2719 EL A€ 20mM Tri
s-HCl ¢4 (pH 83)d 42zl ¥ DEAE Sephadex A-50 chromatography&
Pate] HFAHA +8&ol 13%7F =5 xylanase S& FA A

HAY EAE A28l SDS-PAGE® gel permeation chromatography& 3%
A3} xylanase S© E2t#o] 4500090 monomeric enzyme$°] ¥HEHUY. pHY &%
7b B4 4T GAHAHC vAE FFE BHE AF AL w89 HHY 2= 7
0C2 Yeid 80CoAME HZ A 40% o449 #4& Yegudg. =3
xylanase S9 @4lo] 50CelstallE A &9 35% ol3te] 4L Yoy,
60Tl A 69%, 65ClA 90%=2 60T 70CAIolA A & 48 Jetddo. agxn
4 AN S HAHEY 2= 70CAAE A7/ 308 AE Hed 65TAAE 10
A7k o)l Folx 75%9 €4& fAFAT

Ax 849 vlxe pHY 8L zAg 23, pH 709 FA=JsCA HA
g4& yetides pH 508 pH 9.0At0lolA A &4 90% ol 84& #A
s wWe WHe pHl W& & €4& vgdes Aoz #JdIUY. =@
xylanase® pH 5.0, pH 7.0, pH 9.0914 25 8AIZt o] 7R Hx3td = A4S 44
a2 ket

2) Ad FAAYJF 2 € xylanase YO A 54
Bacillus sp KK-10] AAbslE xylanase Y9 4ol ul$ 7] @&l Bacillus sp
KK-1o1A4 22§ d4A DNASA xylanase Y frHAE 2295 44L& i@ 3
AXgAe FAMZ RE xylanase YE £8 FA}AG. FARAAE ammonium

sulfate2 A A7l ¥ AAGNA S 5483 DEAE-Sepharose, CM-Sepharose,

hydroxyapatite, Phenyl-Sepharose column chromatography& &3 #% +&°l 14%
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f

7l H5% 8348 AASADG. aen AAY EALE o3y EHE EAME:
xylanase S¢} ul@d A3} F 1A vebduiel o] xylanase S& WIA AAo)
xylanase Y& F24 E42 AMZ o8& §4Yo] ¥t

Table 1. Comparison of the properties between xylanase S and xylanase Y

Properties Xylanase S Xyianase Y
Molecular weight (Dal.) 45,000 45,000
Optimum pH 70 6.5
Optimum temperature (C) 70 55
pH stability 40~11.0 40~90
Temperature stability 10 h at 65 1 hath0tC
N-teminus amino acid Ala-Asp-Thr-Ala-Ser-Tyr Ala-Val-His-Ser-Lys-Thr

3) Bacillus sp KK-1°] 443 B-xylosidase 24
T Bacillus sp. KK-10] A8l E xylanaser: M Xuto g 2u)g: uiddo)
B-xylosidased] 4L FAWA & AL Yeldd. a8z WIS 4
3t P& HE F2AE 0] &3t P-xylosidased] S L AU FA FHyAL
ZE2NH02 ALEEt] B-xylosidase?] o) vlXE %o Age A A 7
0T 40T &4 &Aool Eded o]ZHo} B-xylosidase® F 5§ o]4 =s}
t Aoz B 2iAg SDS-PAGE A719Fehe] Pxylosidase B4 4g
P R Ao JYe BEol 2TdoAN #EFHAYG. zeln ZELANA B
-xylosidased] BU4AHAHE 80TCAAME 641 B HA B9 40% ol 4L &
AstHth. &4 &4 vlAE pHY S A Az, pH 729 FAxASAA
A g4 Jehlid e pH 653 pH 7.840lolA H3A &9 80% olAe B4
2o
B-Xylosidase #AE Z2Ysld Jd& UITF JAAGFY ZAA B
-xylosidaseE &R A8t7] ¥l ZA AR A4S ammonium sulfate GH AL 2 A A

712 %M& & ¥ Phenyl-Sepharose, Resource-S, Superose 12, hydroxyapatite
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column chromatographyE 3t Zx AA|F&o] 21.6%7t & B-xylosidase A Y
o 288ty dAdd AR FE ¥ FAA B-xylosidaseE Alg3tod ¥l EA S
TAS A HAH S 257 40Tl & A= olE  Bacilus sp KK-19] T4
B NE Ag3d ZALG B-xylosidase 849 543 vi2g = Bacilus sp KK-1
7} B-xylosidase® F-2483 A F7HA E4E A8 Ue 2E ¢ F UG,

o] 24 Bacilus sp KK-1< xylanase®} B-xylosidaseZto] #t¢ HH&x 9l & of
/ol FALE 2 typesd xylan EHEAE 24 s JE AL & F Yoy
ojg]gt A S LolY F2oA xylan EF S 7IEs & o wrgz AN A7)
F AELE Ao ME2xo wet AR F e P OF AAXNEBZ  Bacilus sp
KK-1& xylang /& 29 124 7t s f49 T4 7t5E8 249 4

Ades #8dE + UG

. AFERY 5483 2
1) Xylanase©l o] & wFg4tE 9] B4

Oat spelt xylan& xylanaseZ &#3dlq HF 9t-§& 42 & HPAEC (Bio-LC)E
A3 A3 F9@ AHEE xylobiose, xylotriose, xyloseZt A4 = Ut  xylobioses w}
AHE F 285%9 ¥L FAHE RIoY xylanasete 2= xylang Zts R F

3] o] FolA A W I FTFA Tt HEo] AL & F AU

op Mz

e

2) AAe FAdGE WIAE Y
Oat spelt xylan® xylanase®} B-xylosidaseS 2 FAlo] Aglsl 7}-R & T ul
$41&E& HPAEC (Bio-LCO)2 4% A, Fd 4E=2  xylose?t £ %9 xylobiose
7 AAEAUY. o] AFAE Buf of FEAL FA JIFEHE xyland EFH ol K
43S 84" + IUH.

3) A AL B48H R
FAF BArE o sy Yr1&E 7122 &AM xylanase®} xylosidaseZ F Ao A
€ BN A xylose?t xylobise?t A gol AU}, =37

Ak
o
2
l
P
A
2
>
o
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ol} tlBo] oy F# vl GHREC WFAER HEHJUG o] AHA2 EHq
Y71g 7t o] ALE0l g FE&FE HAUY F AT AL FAY6E =3

J
3 sl 58S F7H AE £ g Res ARG

4) Xylanase$} B-xylosidaseE o} &% xylan®?] 7} %3

Xylan®] 43 71588 £8¢ =917 $18 Bacillus sp KK-10] A48t F&
4 &4 xylanase Y9 B-xylosidase® FAlel Azjstd feld #4999 & A3
oz2H 7heis A8S ¥EAMsHd p-Xylosidase$r o2 xylang Fs@ 7 A<
Ba5x] oy xylanase®t B-xylosidase® FAlo] 23l & xylanase?t2 3z
8o xylang MY dirch FY & 4o #4330 GAHN e F ELE FA9
ApgEtgd A AAF T8l A7 AANE gt de A%
B A F A4AE o]43d xylang 2 w B3 8o YFEAFAE UeUE A
o] #IFUT.

5) 4 E3E cellulaseE o] &8 H{HEAS 78

AEgHe Bugn e 7129 cellulase MF (Novo, BIEY)E Al4-3d
xylan, CMC, wheat bran, Avicel, rice straw T8 H4fF42E3E 7132 o 742
et FAY $Y9dFe] FE& AR & A} xylan, CMC, wheat, Avicel, rice
straw®] €A Z 7hpE X7 xylano] 7 Egtem CMCE wheat bran® Avicel
B2oiE MRS 80 ERAY xylan®te 2%29 rice straw?t 71 st
Ego] @t

o2 Ho}l FBolrt Aatste cellulase EAE xyland] 7HyESHE wou
cellulose®] E& o] dote EAHe Ut Aoz AJHJEH ole FFojrt A4
8t cellulasedl & B-glucosidase (cellobiase) #4o] @7 WF o2 AGHERE 7
#F B. subtilis 79-232] B-glucosidase (cellobiase) FAAE AR st FAHFF
A HEFS sl FA2E AA4std FFo]l it cellulase B H7Med AHEE A
2 cellulosed] 7tEage] 458 & UAS R22 7idEd

- 401 -



. AFER 23 3 a2 24
7t) Bacillus sp. KK-12 % ¥ xylanase®} B-xylosidase #3849 I=2Y3 &

AR 4

Bacillus sp. KK-1°] 4l&+E xylan 8 A4E58 HE 259 pH ¥YdA
T 842 A4y FAFAE e RdsE AYn Qe Reg Yetenz o
2 FAAE 22437 H3 2de 444 DNAS #2UF F A% g2
TRy AT S SF T2 9 BdF KK-19 genomic bankE Azt
Xylanase A28 &HF T aiFF AAGANE HALsr] 98] 05% xylang T &g
LB wiAoj A a2 wldste Z2y F Yo xylano] 2aiso] Ealge] AHH A
AEFE Ao Xylang FBdste ZIHEFE AAugsto] FAL ujFAely
xylanase #/4-& ZAIS A3 25 54284 & B4 233ty FAHAETZ B A
Z% plasmidg B3 od7bA A E428 Heldd AdrL: (TS FAsIQ
A4 AgEL AT E o]83o 7]&9] GenBankdl B2 E xylanase §AxF9] %
B4 Y patterns®} vl Hz e Heol YUe o2 Y= A2
xylanase +32tY€ & F AUk 2P FAAEA} dadste BLE 2Ysld 5
4E& ZAMRE AR Bacillus sp. KK-10] Aiste F&4 A4 xylanase Y o] 9
Aot

£ B-xylosidase HFAAE ZA2YE7] YaiMe HAT FAAFAE LB agra
platec] ¥l¥& F 02 mM MUXE #%3 sofr agar (08%)E F5% ¥ 40Tl &
Al BAE Y. 22n A E AN ¥§YS HE E2YE Hdusigey ol
¢ oigT FRHEFE JAuIstn FAGH NS A&l pNPXE 78 A A
B-xylosidase &4 84 & A3 ZA 3} B-xylosidase A2 A2YE S AU}
B-Xylosidase #AA7t Z2dd FAAEF7E Aidste Hare] E4E zAG Ay
ol &4 ¥ Bacillus sp. KK-10] A4tsl= F2A49] f-xylosidase ol & syt =
3 32 ¥ B-xylosidase FAAe] AFJEA NEE AAL ATFEL AT 2H
&) o]& GenBankol R n¥® #FAAS vl A 2 FAHAAZ BFHUCL o
2M Bacillus sp. KK-19] 24 xylan 7}s-E8d #93E 2714 242 4242 &
H 434

Ui
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W) B. subtilis 79-239] B-glucosidase A zte] z24
F%ol7t A4retE cellulase®E AHEE W cellulose MR HH & xoj7] & ¥
Yo 2 B-glucosidase 84S FoAY Hart A a8z CMCE #83s &2
7 B. subtils 792322 B ¥ B-glucosidase ¥3AE A2 Y34 dAFL £F2
8t} B. subtilis 79-239] genomic libraryE® AZ 3 & HAHEANES LB agar plated]]

e

A g F 0.2 mM methylumberylferyll B-D-cellobioside® #8343 soft agar® 3
Fsted 37CAA AR AT F AU L At 3 gl B2UE ddsy
o Add di3d §FAEFE dAngstd de FASGAAL  Apgste
para-nitrophenyl-B~D-glucoside (pNPG)E 7t+=238] A1zl 23 B-glucosidase &4 o]
ASS FAFAUTE ol M B. subtilis 79-239) B-glucosidase FAXE By 3yt

444 2 8

3

FA OAAYEA e 3 HFA SAste F 2 €FS AA Ame ¢
68%(w/w) o], ligning X 1 9 FALE F R2%(w/wWIET. FA dadezsy
B f4¢ 22 47 dsAEe 94 4& HE3d hemicelluloseE 7HER e, o]
F 9718 Ao ligning AASE ¥ Boh A&AHYEL ¥ £ AN oY
F79 Macid)E FolA hemicellulosed] 7H¢EdlE Fatol 7H4 it en, 4
trgslel 248 1%9 #4o2 100TAA 64 AEsts 3ol HA ojdn. A
z3d4 H3¥3 &4£F £9 hemicellulose #ES 4 R 2 xylosest
glucose®] ¥< Ht) 80~82 g/L8 42~46 g/LE JElton ojmje] o] A8
£ xyloseo] W xylosed #&& A9 100% ?}% & F AU dEHA A st
FEAANE 45 o] FRE Fo s &o] FA3] A AFE e
M, L4454 %49 hemicellulose?t WA 9 hemicellulose Bt ©f &ol3tA 7tFEsg e
d = AT

FANARY] FRFAHZA cellulose® xylang 7HEEH 317 98 $58 54
g g4ste PlAES g5 AFAoz #rYx FEdo] 4 BEAE A
Aste 2 BEAS ZAIGLE2N AN Jhed 2D Y AT 7x RAb)

g
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