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In order to produce xylitol from hemicellulose hydrolysate which is widely used as a substrate, the developement of strain such
as catabolite derepressed mutant is required. After treatment of Candida sp. with EMS, GM-17 and PM-34 as catabolite

derepressed mutant were isolated from Candida guiliermondii and Candida parapsilosis,

respectively. Mutant GM-17 and PM-34

simultaneously assimilated xylose and glucose during the fermentation. The specific xylose reductase and xylitol dehydrogenase
activities of mutant strains were also higher than those of wild strains in glucose medium and mixed medium of glucose and
xylose. The xylitol productivity and yield of mutant GM-17 and PM-34 were improved as compared to the wild types in the mixed

medium. The xylitol productivity and yield of mutant GM-17 were 0.09 g/L - hr and 0.56 g-xylitol/g-xylose,
@/L - hr and 0.52 g-xylitol/g-xylose in the mixed medium, respectively.

PM-34 were 0.21
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Yeastsol] 2|3 xylose? *71 A2t g MmA D-xylose?t
NAD(P)H-dependent xylose reductase (XR)ol 2lsted xylitol
2 #U¥ 3, g 22 NAD -dependent xylitol dehydrogenase
(XDH)el 9J8l xylitolZ D-xylulose@ Ar#HA]|71: Fubd wh
Solth. 28 hemicellulosed] 7FEEel AHEos Fa PAA
¢ D-xylose #utotue} D-glucose, D-mannose, D-galactose,
L-arabinose, L-rhamnose % cellobiose’} &§doz ZA3t
ool thHEL xylosed o]&#¥ = Q¥ yeastES xylose
o} EAtel Al xylosed] dAbell A XR¥t XDH7F F5 5%
A7), A g F 9l D-glucosed EAstel X C utilis
(18), '. shehaiae (19), P. stipitis(19) 2 P. tannophilus(20)
SOl AT catabolite repressionol 2&ted XR 2 XDHO A4l o}
Atk Hurt ok 53] P ostipitis® P tannophilus A
D-glucose #% ol @} D-mannose®t tAS A ¢+ D-glucose
FEA 2-deoxy-D-glucosed] oA % XR#% XDHQ A1/
AAHH7,21). olg P supitis M D-glucosed] 913 XR
2 XDHe A At 7h 2 A ebdh 9 Poannophilus
o} A &= D-glucose®t D-mannoseo] 93+ XR % XDH¢) A
A &Z#H7F A9 FAetd e, XDHE A7 XR Kb o
A4 Jebten 2-deoxy-D-glucosed] 2laiA: XDHE A4
o3 ho] LHERRECHT).

wepd B A Me (andida spE o183 hemicellulose?)
7hedE B0 2R E xylitol S Y3 dFARS BHoz
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® AT Me C guilliermondii ATCC6260, Candida
parapsilosis ATCC22019% W3t AFA2HE Fgyo}

et

b QFuh X B! ouf bz

vjerviR]= 10 g/L veast extract, 15 g/ KH.POy 2 g/L
(NH,»S0y, 04 g/I. MgSO,9l xylose £1= xylose®}t glucose?]
EdEE HWrlslod AHEaath HEE #FE 20 g/L xvlose?t

A7k wiokelz] 50 mLE 250 mL9 Erlenmeyer flaskol a7
TFE ZE8ld 30TCHA 150 pme 2 2gujekste] AlR3 4
o}, Aghejekrle] 9gt xylitol EaE 50 g/Lgl o] Tgw o
ol 200 mLE 500 mL A7 flaskel ¥ 30CoA 150
mpml 2 Fgjgslglon wiz|E O]%ﬂ xylitol &&= 50
g/L9 ‘6’01 i?.},_ wadx] 15 L& 25 L #a&7 (KFC,
Korea)ol ¥ 30ColA 03 vwwmeZ £7]3t2 250 rpmlo &
W HEEE A ég‘ & FdEA

EoHo| R

Candida sp.9] spores& @794 HA YPD ujzxjoiA 18
AlZE st $ prespore HAENA] plate (glucose 10%, yeast
extract 0.8%, pepton 0.3%, agar 2%)°] =&3&te] 30CelA 24

AIZE fekstsTh ©12 oA spore AR plate (glucose 0.1%,
potassium chloride 0.18%, vyeast extract 0.25%, sodium
acetate 0.85%, agar 1.5%)°] =2ste] 30T wikr|olA 447t
HH“?SJ & 4L WA e sg et}
E4do)= Ryu $(22)9) Wyo= 8%
(EMS)Z Ziﬂo}cq FEEAd & ezt BaE spore dA4u
2] platedll A spored B THFE FHUHS SporeE 10 mM
2-mercaptoethanol &% o2 3087 Heldt £ 05 mg/mL
lyticase (100,000 umt) %"—‘1‘ T WHSAlA Vegetative
5 | A gk

M potassium phosphate buffer (ptl 7.0)o &3sjA1Z 8%
EMS$ I Agete] WMol R Fo FY Fv|9 5%
sodium thxosulfdtef HA7hstel Wolf e d FehAlZTh

ethylmethane sulfonate

T =
Hol7b fiEl sporeQJ 18tl-S non-fermentable 2-Deoxy-
D-glucose’t &€ ®olwrF Mwv]z] (2-deoxy-D-glucose
%, xylose 2%, yeast nitrogen base 0.7%, agar 2% =%
gtel 6URE 30T wiYrlolA wlFatgich Aol of - ok
colony S AEe & vl Adivitste] ks o g
WMol TFFEE 5 g/l glucosedt 5 g/L xyloseZt ER5 il
Aol A “H& }01 glucose®}t xvloses TAld] o|&ale -3t
AHake o

1 & WAA AT
b & HH%*%“% °“”j 2] 8t ’6’%‘&.’9‘ AAS D HZE +
A HEE 50 mM potassium phosphate buffer
(pH 7.00& 3§] AHe & 30% 2
Heletd ok oAl bufferz 33 4 &3 $ sonicatorg
cell& gt $of LAF] (12,000rpm, 15min) 2
gto] EhfAo o]tk BE aadde Fujaye 4T
oA s Ei%"—‘“gl gld e Lowry-Polined
(23)ell 2J3td HAHs9em xylose reductase (XR)% xvylitol
dehydrogenase (XDH) #4%4-& Yokoyama 52 W (24)9)
oate]l T o] FAEAGT. XRY #FAHFAHL 10 M
phosphate buffer (pH 7.0) 1 mL, 0.1 M 2-mercaptoethanol
02 mL, 4 mM NADPH 0.2 mL, 249 20 mLE %1 7|
AZA 05 M xylose 02 mLE H7lele] w38 A3 %
340 nmelA F25E SA4sch olw 49 1 unitiz 139
I nmol NADPH7 ztasts x7 £%2 gejagrt. =3
XDH #4348 10 M phosphate buffer (pH 7.0) 1 ml, 0.1
M 2-mercaptoethanol 0.2 mL, 4 mM NAD 02 mL, §4&
o 2 mLg ¥ 7]A2A 05 M D-xylitol 0.2 mLE 7}st
o ¥h&g AR 3 340 nmollA TREE AU oy
749 1 unite 19 1 nmol NADH7} AXEE 27 £58
Mgt w3 49 specific activity¥ unit/mg-protein®

HERH AT

mercaptoethano] S 3087
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A EE spectrometerZ 620 nmolA FFEE 2R o
o, 93 Ge¢F9 FE= cabohydrate analysis column (Waters,



USA)E A&t HPLC (Waters, USA)Z 434tk Ethanol
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Glucoseol 2|3t catabolite repression
Candida sp.9) xylose reductase (XR)$}F xylitol dehydrogenase
(XDH)l AAG% 2 Aol g d4g dolnr] st
glucosest xylose7t BAldl EAsls wixldlA wigstd F 7]
Ao A 52 ZAsH AE A Figure 19149 2o
C guilliermondii®l A%l glucose?t A o] 857 Ajzs}
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of tist A HAFEE (g)E 0267 hr' 24 xylosed] g
Ao v AAEE (4,090 0026 hr' BT oF 108 | =% C
parapsilosis= Figure 20148 o] glucose?t WA o] 4-5 7]
A Zbate] 18417 vjEAle]l BF AREN 9 xyloser 6A1%F
voRA RE el A o) &57] Altete] 38A17F vl Ale] B A}
590k MZAAE glucose?t 2 ol &5 18417 HjkA
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o ole Candida utilis(18), Candida shehatae(19) %
Pichia stipitis(19), Pachysolen. tannophilus(20)7} glucose®l
ol xylose ©]-&°] cataboilite repressions ¥iths Hiod®
AREY Y.
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Figure 1. Profiles of cell growth(®), glucose(a) and xylose
(o) concentrations during the culture of C guilliermondii.
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Figure 2. Profiles of cell growth(e), glucose(4) and xylose
(o) concentrations during the culture of C. parapsilosis.

o] 2-deoxy-D-glucose® A7Heted ER9 HAAHEZE cataboilite
repressiono] 9J3 XR¥ XDHel AAdAdA AZE ZAMEGH
AR AT} Table 199t 2ol C guilliermondii cataboilite
repression®l &l XR# XDH7F =42 ot ME7F 4%
8 & 9l¥ 2-deoxy-D-glucose?] 5+ 75 g/ 4oy C
parapsilosisi= 20 g/l fth. ol#18 A= glucosed xylose
o] Eghujokel s Uehd AEAR EX 5959

Table 1. Effect of 2-deoxy-D-glucose on cell growth of
Candida sp. on mutant selection plate for 10 days culture.

2-deoxy-D-glucose ~
(/Ly} 0251 o2 |75] 10| 15| 20
Strains
Candida. guilliermondii R R I - -
Candida. parapsilosis B N N B O N

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

2mm(+), no growth(-)

Catabolite derepressed mutant A

Hemicellulose®] 7H-a AHE-S 982 wal ofste] xylitol
Z AAEE ASole 9ae glucosert Tz TEo] 917
5o XRe MAol glucosed] 93] AAHA ¥ cataboilite
derepressed mutant®] 7jtol Q¥lth wetA Candida sp. 9
cataboilite derepressed mutant® A#a7] $ste WA oF
Z haploid 9 EAE #A4AZ % mutagen?! ethylm-
ethane sulfonate® #Helgte #olZ fFmalgr}. HeldTE &
A3t F2rYoR xyloset A7HE wiAo] 10 g/LY 2-deoxy-
D-glucoseZ #A7batad  Mw3lcl  Cataboilite derepressed
mutant2 AEF #5E C guilliermondiil A 2F 300, C
parapsilosisel Al ¢k 6071 AEZ AMwsigor, A4t golqt
FEZ glucosed} xylosed E3He wiokujAlo] HEate] 2 Ehdf
oksl & A FAHo]l 451 glucosedt xylosed FAlO) ol &
t= Wojyrsel GM-173 PM-348 ZzZ Xusidd. C
guilliermondii®) catabolite derepressed mutant$l GM-17¢!
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< Figure 3914 BXo] vlAztol w2t glucose$t xylose
Ao o] &35t & glucoser xylosest #ol o]-&H 7
Alztete] 18A1E WAl BF AREHJCH, xylosew BiY
30417kl BEF AEHATE vPH Figure 194 %ol wild
typel A& xylose?t 5641 viY Fo BF ARECE K3
wild typel A vERE diauxic form® AAHHE glolHch
wetd BolHFE GM-178 glucose EA &% XR3 XDH
7} § 55+ catabolite derepressed mutant 4 #H1E 4 9)
Atk C  parapsilosis®] cataboilite derepressed mutant$]
PM-34% Figure 49149} 2o] glucose$} xyloseZ HAldl o]
387 AFsgn o)d glucose® wild typeRth 647 =&
24N wigFe 2% Angdon xylose®: wild typex.th
F& 4347 vkAe 25 ALt wmebA doldta PM-34
T wild typedt th2A F 2& FAlo) o]8-3E cataboilite
derepressed mutant®-3 2918 4 Uk
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Figure 3. Profiles of cell growth(e), glucose(s) and xylose
(o) concentrations during the culture of mutant GM-17.
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Figure 4. Profiles of cell growth(e), glucose(2) and xylose
(o) concentrations during the culture of mutant PM-34.

£4 (XR, XDH) &M &3

g0 2 10 g/l glucose’t B7Hd wi#l, 10 g/L xylose7}
H7tg WA, 5 g/l glucosest 5 g/L xyloseZt &7 H7td &
R A e WoltFedl GM-17, PM-349 72+ wild
types dloksled XR3I XDHO 48 Z4sto 244 A%
Z 7AEst Table 20 JelWSIth C guilliermondii®] Woltt
0l GM-179 A% glucose WiA|ollA] 20417 wiFAlol XR9
Aol 1670 unit/mg-protein®Z wild typer.tl 3w} ti
XDHY 42 4u] o] =4 e, oled Ais
GM-17°] catabolite derepressed mutant®-& #21&
Rool =3 glucosed 23 catabolite repression©] AA
A XR 2 XDH| #4o] Fopzl 7oz Atadrh ol&
xylose9t glucose® &gl 10417 Aol wild typew
glucosed] ¢3te] XR % XDH A <] AAFo e 702
SA =T} glucose?t 2F ARH I xylose EAdhe wi%
20~ M= XR 2 XDHY Aol thA] F7td A¥E3ER
golsh 4= . =3 C parapsilosis®] ¥oldal PM-34%
glucose A4 XR3} XDHE 4ol 2% wild type Bt
aA F7skdeh 28y glucose WixoA WoldFE PM-349)
XR#} XDH #40] xylose #AelM wild type® XR# XDH
9] SR &7t Yok, ole Wolwd PM-349 glucose
of & catahoilite repression®] FE£H o2 HaHU7] WEL
Z AlsEch o7y xylose HIX9 EghuliRloA] WolFaql
PM-349] XR %2 XDH2 #Ao] wild type Rt} AA F7td
Az e woli#F9 PM-34¢ XR ¥ XDH 442 xvlosedl
9t} £AHE Reg FAHHL

oj9}Zo] XR¥I} XDH #4&AE Zsf WeldF GM-173%
PM-347} cataboilite derepressed mutant¥& &¢l13t £
on A4AA M B A3l cataboilite derepressed
mutant 552 hemicellulose 7381 AHES o] &3 xylitol
wgo A #EE ALRHUC
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Table 2. Specific enzyme activities (unit/mg-protein) of C
guilliermondil, mutant GM-17, C parapsilsis and mutant
PM-34 in various carbon sources.

C. guilliermondii | Mutant GM-17 | C. parapsilosis | Mutant PM-34

Carbon - - - ) - - - -
sources XR XDH | XR | XDH | XR | XDH | XR | XDH

Glucose

b 2 2 5
(%0hr culture) 200 230 1670 868 332 38 1108 | 135

_ Aylose 4443 | 4% | 5110 | 00 | 1703 | 155 | 4300 | 440
(20hr culture)

Xl Glu 153 | 33 | $8B | s | 613 | 38 | 182 | 37
(10hr culture)

Xyl+Glu

2000 650 | 4665 | 1565 | 826 56 2485 | 309

(20hr culture)

Cataboilite derepressed mutantoll 2|5t xylitol &

Adg 4 wolEFe GM-17 ¥ PM-34¢ Z47he) wild
type xylose A9} glucose—xylose®] &gt whz|ol A w)oksl
AA xylitol A4HS wwEAC C guilliermondii® Wold T
GM-179 2% 50 g/L xylose lRlolA xylitole] +=&3 A
o] Table 304 BIZo| wl&dtgir) 0|7 & Table 29 &%
ZR) M Mol xylose #AS] A4 wild typedt HoluF

o ox 2z A



10

;? 30 %
e
g %50 19
o
= 1%
£ s
= 10 9
E S
= At 15 'E
= 2
= 110 =
g 16+ =
i . ©
=, 10
-
L5} D|
Z 10
g
SR

0 1 2 3 1 5 6

Culture Time (dav)

Figure 5. Profiles of cell growth(e) and glucose(4), xylose
(o), xylitol(m) and ethanol(4) concentrations during the
culture of C guilliermondii.

XR 9 XDH A4e] vl&star] ditez A oy wild
type?] xylitol F&& 065 g-xylitol/g-xylose 241 Roberto $(25)
ol C gulliermondii FTI20037°] 2j8] 42 068 g-xylitol/g-
xyloses} v]szét ol o} AL HuHE 054 g/L-hr B
o v A3 Jehligidh 28y Table 4914 ®.o] &gt
w29l A g oldFed GM-179 xylitol F&3 Ao
0.56 g-xylitol/g-xylose®t 0.09 g/L-hrizA wild typesch oF
7 dsRen) wild typers Figure 59 #Zo) glucoseZ WA
o] &3}7] AlFste] 12412F wigAlel B ARSIl xyloset:
12A13F WiFAIRE] o] 83t7] Alzele] sk sl 6.3 g/L7}

A&t 28y cataboilite derepressed mutant?! GM-17

< Figure 619k #ol glucosedt xyloseZ $Alol ol &3}7)
N gucose‘_ 3dAo EF Abgsln XVIOSeL“ Sy A o
48 g/L7b #ESG GM-170) E3gujA{ol M Fgo] 4}

o wgZdko] Wt AL Table 29 34N =423}
A BXol Bl GM-179) XR¥ XDH 240l wild type
Hub =1 glucose HiRllME XR, XDH 4o =&
cataboilite derepressed mutanto}7] W&o & Aligch

C. parapsilosis®t PM-342] A% 50 g/L xylose #iAlol A
Table 3elM BIzo] xylhitold &3 A wssigon
ol wild type®l F8& Nolleau. %(26)0l C parapsilosis
ATCC28474l o8 42 8 075 g-xvlitol/g-xvlosest G4}
stdTh 2y xylitol ARl 9lelM C guilliermondivt C
parapsilosisA| A & F Yahashi $(27)¢] B3 3.26 g/1. -
hre] Ao g s vastel ofg whe Zrolr} wiby 74
He xylitol S flslds f7ba) wlgolt A sjoks
& xylitol AL FohaACE & Aol E3rddA
parapsilosis%: Figure 7914 X.5o| glucosei= uvjoF 12lvho)
Ao BF 4REYoH xylosetr WY 195EH o] 857 A&
gto] 3ol m5 AbgE ) Xylitol AR siok 3 sfo)]
0 134 g/Lg o, ol =8 046 g-xvlitol/g-xvlose
t}. C parapsilosis®] catabolite derepressed mutant$! PM-34
+= Figure 89419} 7o) xylose®t glucoseE FAld] o] &3}7] Az}
o glucose®] AREZZE oA wjgk 2dse] 2%
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Table 3. Cell growth, xylitol and ethanol productions from 30
g/L xylose by C guilliermondii, mutant GM-17, C. parapsilosis
and mutant PM-34.

Strains Cell O.D | Ethanol | Xvlitol AXylitol ’ P

(at 620nm) | (g/L) (g/L) | Yield {g/g)| (g/L-hr)
C guilliermondii 182 L7 213 065 0.28
Mutant GM-17 205 0.21 K1 0.64 0.29
C. parapsilosis 111 1.1 334 0.74 0.3
Mutant PM-34 226 0 333 069 0.35

Table 4. Cell growth, xylitol and ethanol productions froms
25 g/L glucose and 25 g/L xvlose by C guilliermondii,
mutant GM-17, C. parapsilosis and mutant PM-34.

Strains Cell OD | Ethanol | Xylitol Xvlitol p
Strains )
{at 620nm) | {(g/L) (g/L) | Yieldig/g) | (g/L-hr)

C guilliermondii 317 05 89 0.48 0.07
Mutant GM-17 RS 3.2 113 0.56 0.09
C. parapsilosis .4 76 134 (.46 0.19
Mutant PM-34 6.3 49 150 0.52 0.21
3 30 10
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Figure 6. Profiles of cell growth(e),
(a), xylitol(®m) and ecthanol(a)
culture of mutant GM-17.

and glucose( 2 ), xylose
concentrations during the

AHEEETE 3 xylose: wild typed 223U} BT A
4392 ethanolel AAe] 1 Ao Hd 49 g/LE Y
oAt Wl xylitol AR 39 wjkAle) Hth 150 g/L7t 9
T Zastr] AFEpgen, olde &8 052 g-xylitol/g-
xylose® A EFFA Hughts 2& + ‘3‘”4 Eghgol M
PM-347} wild typeRth 348 583 A4S Yehd AL
Table 20| ®izo] FFols PM-349 XRQl 4ol wild
typeRUl =4 VElgy] qffog Algsich

ol4ke]l Astell M cataboilite derepressed mutanty] GM-17
I PM-349 A% xvlose wiAol M= xylitol 583 Aol
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Figure 7. Profiles of cell growth(e), and glucose(s), xylose
(o), xylitol(m) and ethanol( 4) concentrations during the
culture of C parapsilosis.
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Figure 8. Profiles of cell growth(e), and glucose(a), xylose
(o), xylitol(w) and ethanol(4) concentrations during the
culture of mutant PM-34.
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