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Abstract

Effects of xylose and glucose on the xylitol production were investigated with Candida parapsilosis KFCC
10875. With increasing the ratio of glucose to xylose, xylitol production decreased but ethanol and glycerol
production increased. The maximum concentrations of ethanol and glycerol were 21.5 g/ and 3.6 g/, respec-
tively, in a medium consisting of 10 g/! xylose and 40 g/ glucose. No xylitol was formed in the glucose
medium without xylose since xylitol could not be produced from glucose alone. The inhibitory effect of
ethanol, a major by-product, on xylitol production was also studied. As the added ethanol concentration was
increased, xylitol production decreased. When cells were inoculated in a xylose medium after removing the
by-product (ethanol), xylitol production was not inhibited. The concentrated cells grown on xylose or glucose
were inoculated in a fermentor containing the xylose medium. The total activities (specific activities X cell con-
centration) of xylose reductase and xylitol dehydrogenase in concentrated cells grown on glucose were the
same as those in a normal fermentation; the specific activities of the above enzymes in the cells grown on xy-
lose were the same as those in a normal fermentation. It indicates that the xylitol productivity of concentrated
cells grown on xylose could be increased with increasing the cell concentration. By using concentrated cells
of 20 g/l grown on xylose, the final xylitol concentration of 40 g// was obtained for 18 h fermentation from
50 g/ xylose.
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128%72] AEE o|&3lo] glucoseZHE] xylitol2]
S Aleate] Bohkont AlFsiel? azmg
glucose & o]-8-3led xylitold 4Atsl7] $lajAl & glu-
coseE xylose uljz]of] A7}3le] FAZ=Ae glucose &
B Q2 xylitol 2 xylose Z5-E] = upy-g a14.3}
1 9\)]\‘:}_“3.14).

o] A Eolf 23} xylitol2] YA T4 xylose reduc-
tasecl] 2]3}ed xyloseZ} #HUF o] xylitol 2 3=
doludeh. AR xylitol?] dRE= xylitol dehy-
drogenasec]] 2]3}e3 xylulose 2 AF3}El & A28
A& AEFA AdFo] =tk o]df xylose reductase?]
ZH A2+ NADH2} NADPH7} #oislx, xylitol
dehydrogenase®] FEAFE NAD7E Ihodghc}its,
2222 xylose reductase2} xylitol dehydrogenase2)
A7bE BT AL xylitol A4S dE g
T 9l Aolr}.

A, B AelM= AR Candida parapsilosis
KFCC-10875"""5& A}g-3}o] xyloses} glucose -Eghul]
Alel 4 2] Rk} xylosest glucose?] FHagxio]o
whE BEF 4SSl xylitol, ethanol % glycerole] AJAbak
W3LE Adu B} w23l xyloseol] 4] wfekEl FA| 9} glu-
coseoll A i FEl FAHF o] 8-35le] Zhzke) whg o o)
g ZARET oleigl Aol & 47l 2L B

shod e st} e
Nz X 9y

0|42 U ALZHIX]|

2 AT WERA(T0°CYE FF Candida
parapsilosis KFCC-10875% AF&-3taict. Al Alui =) &2
= glucose 20 g/l, peptone 5 g/l, yeast extract 3 g/l
malt extract 3 g/[2 FA X YMul#] & A}-&-3}¢d 7z, 0t
FuR 2= F9 S0gd (xylose 2/ glucose)
yeast extract 5g/l, (NH.),SO, 5g/l, KH,PO, 5 g/l
MgSO,-TH,0O 0.2 g/lZ2 A= HAuA|"E A}-4-3}
et

Btz

Fulokd Eud T5E YMe|A| 50 mizh £019)
+ 250 ml Fepael AFste] AlehulofrlellA 240
pm, 30°CE FAET7} 34 gl (F 14-164)7H)2 A
& a7l eesiict. 50 mie] LEAE Bl
250 mi9] S0l A Esle] Hxylose2} glucose)o)
S8 axd wj7hx] wheksisict. Fekaz wiode] 73
£ WHEETE= 190 mpm, 2%+ 30°C2t E7] pHe

5022 343wkt ol pHE 24 3}2] ¢dstet.

FETAE AR 4 dubaiekellAs WA
27} 31 A7 5 IR R AT E))E AHslg)
oju, wHFEE= wofZx7]ole 400 pmo 2 FYT
vlek 10A)Zboll4] WHIEEE 180 ppm o2 W EFAIH
th FE5TAE AHSSh vlofell s Zufekel L glu-
cose IE+ xylose 30 g//2] WFawix|7} 21 3550 =
51 EZ AEEch pHe 2 A3z 5ok UA
A 5.00.2 28l a, EE 30°CE 3y, E7)e
4 1.0vwmo 2 3}l v wHFEEE 400-800 pme 2
ZAH3t] SE2ANE 20% o)A HAAA FAFES)
o 10 gi7kA] ARAIZ F A4l #e] sk xylose 50 g/l
o A7 151 7% 2.5 1 HE AN TG E
230 rpm (A GETAS 30 ') ez F-28)
o] xylose7} 2H4d 3] Amg wj7}x] wjoksigic).

EAHTLEY
v ofel © 2 HE] A E-E 8,000 pmollA] 1087 L4
£-2]3}o] 3|48 ¥, 0.5 M phosphate buffer2 5
ARsheich. A3k 5 Hksl 2AEshol ependort
tuberfol] 4| EZ2ko] F 2.5 mgo] & A 3} 0.5 mie)
phosphate bufferg Hr}sted =9 F 03 g2 glass
bead & g 37 4°C cold roomol|4] vortex mixer 2 3%-7}
B atedct Al Z S 12,000 pmoliA] 2087 9
ARegr &, AN g g7 2s19) Xy-
lose reductase?] 97h= xylose 47} ¥ NADPHS] At
Sto| o3t FFT FAE 340 mmold A
Xylitol dehydrogenase2] <7} xylitol A7} & NAD*
2] gheloll 93 F3 5 Z71E 340 nmoll 4] 24 5)4d
o} o, o32]-& 7)1 (xylose = xylitol)}S 3 7)3}
7] k2 712 2 ¥ A 3}9] 71, specific enzyme activity =
Bxol Wl 1mg @ 1mmole] 43tE]l NADPH
(xylose reductase®] 7-¢-) r=e FHUE NAD' (xylitol
reductase®] 74-$-)2 A 2]8}91 7 total enzyme activity
= 1859 UEY 1m/ 2 1mmold A3t=
NADPH (xylose reductase2| 7-$) == 3415 NAD®
(xylitol reductase?] 73-$-)2 A &) s}lgict.

2 A

Xylose, glucose, xylitol, glycerols} ethanol®] T+
Sugar-Pak I column (Millipore, USA)e] A2l HPLC
(Shimadzu C-R6A, Japan)?] refractive index detector
(Shimadzu RID-6A, Japan)Z o]-8-3}o] &4 3}ic), o)
o, ol & AHEEl T, 2EE 70°Co) 2, 52
0.6 m//min o]t} 7 FEE OD (600 nm)ol|A] =3
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43 BETAE o] B3l AxFaygo
Assldct. sl ek bovine serum albuming-
FEA 23t LowryH o2 243} ®.

a3 DE

Xylose2} Glucose2| E&tuix|oljrMe| W&

A7l A (glucose§F- v A])ellA] Fuloke & F
xylose2} glucose] Egull2](20 g//2] glucose2} 30 g/
9] xylose3tf w2\ Al2-3lo] WE Fo|A] ol4
F AFEAA S A ¥ okrh(Fig. 1). B2 glucose?] ca-
tabolite repressionell £]3}e] glucoser} o] -85 F xy-
lose7} o]-&-=9lc}. o|n, glucose?] o] L-%HEl= xy-
lose?] o] &L w W} watc), Glucose?] &z AL
EZ ethanol®] AMAI-S F2HA| 751 xylitol A 747}
ZY =] 20 g/12] glucose2} 30 g/18] xylose2 -
oF 16 g/I2] ethanol+ 11 g/I9] «xylitole] AAJ =)
c}. olaf xyloseo WFF xylitol BAE-S AmE
03622 glucose S H7}8}#] €22 2] 0.608c} 3 A
3] ztAaslgdc}. Candida parapsilosis®] xylose} glu-
cose?] HHAIAEE AFH BN xyloseol 4] xylitole]
A== Hbe2 #Hyk-g o2 NADPHY} FHoisly
ethanole] A E| & uk-3- 4] $U4bS-2 2 NADPH
ALE-Elo] AbsH-34] A 9ellA] APHY BAYL &
= 9lch. =3 glucoser} &A1& o] xyloseol| 4] xylitol
o] A== A of] Foddl= xylose reductase] &7}
= el ¢k glucose 17 F2 drh= glu-
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Fig. 1. Simultaneous fermentation of xylose and glu-
cose by Candida parapsilosis in the medium with 30
g/l xylose and 20 g/l glucose Cell mass @—@, xylose
A—A, gluicose A—A, xylitol B—M® and ethanol T

cose H7F3HAl @& wWixcl ghaegich agee
AEE2 glucose?}t Y519 ethanol®] AWAo] &=
g]o] NADPH7} AH2-51 7, 1 A3} xylitol2 HEHg
A (NADPH)] A4S B2 xylose 2 2E] YA F
+= xylitol®] k% 7}F4g Ao g AzhEc)

C. shehatae2] 7]% glucose§H- vl 2] ol A] Fuljokg-
3k & xylose$} glucose2] E&Hul x| o4 wl<f3la ca-
tabolite repressionel] 2]3}o] xylitol2] §Ake] 7143}
o} xylose§H vl oA Eolokg s} catabolite
repressione| A=) xylitole] AY4ko] Z7)%l v s}
8le1® C. parapsilosis KFCC-10875% xylosedt-5- ul]
A ellA] FufekE & F xylose?} glucose®] E &R
(20 g/12] glucose2} 30 g/12] xylose3tf- wi X))ol 4] ull
ofstdtt. 2 A3} C. parapsilosis KFCC-10875 73-%-
+ C. shehatae?} 22| glucoseo] 2J3} catabolite
repression®]| A% %] ekt WA SFAE glucosed
- w2 ol A Fulofe & 7§} Abol o] gladrt.

Xylose® Glucose?t AtE4i4tol Dl xjE HE
Xylose?} glucose7} xylitol2] A3} HalEg
ethanol®} glycerol®] AJAJo vlzli= <33k AluiH 7
Azt Zehrzeld F9E 50 giE slo] xyloseg}t
glucose?] #kS wispA]7|wia AlYE ssiedct
(Table. 1). Xyloseqt Zx sl vhx]ol|A] uwfofstd xy-
litole] |2 AAl=]¢l 57 B-AFE-Q) ethanol® glycerol
o] A7]2] ¢k} xyloseell glucosed 3 7hslod wl ok
8ha xylitol ¢]ol] H-AHE- 2 ethanol} glycerolo] A4
= el Glucose o] L4542 xylitol 82 ZHa
3} A5t ethanol®} glycerol 92 Z7}5te] xylose 10
g/19} glucose 40 g/led o] -1 ool z+2} 21.5 g/Ig} 3.6 g/
12 2 dFS ehligl 2t glucosedt H7hslo] wiok
g 735 x| 8ol o7 2F4dksdn). Glucoseol A
£ xylitolo] A =] x] 8} 2 2 glucosent Ex) 3= vl
Rl A= xylitole] M3 A== g 2zl

Table 1. Effect of xylose and glucose on xylitol and by-
products production

Medium Xylitol  Ethanol  Glycerol  Yyqxs”
(xylose+glucose)  (g/]) eh (gD (g/h

0 gl+50 gi 00 18.0 28 0.00
10 gl+40 gl 08 215 36 0.08
20 gi+30 gl 45 205 31 0.23
30 gl+20 g1 108 16.4 1.5 0.36
40 gl+10 gt 182 11.8 0.8 0.46
50 gl+0 g/l 30.0 0.0 0.0 0.60

"Xylitol yield from xylose
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Fig. 2. Effect of ethanol concentration on xylitel pro-
duction Cell mass ({7, and xylitol Z—&

o] -5l xylose Z5-€] AR xylitol®] =&l ojshod
ZAFSIAT}. Xyloseoll thdt glucose H]§o] 242
xyloseel] thZt xylitol®] =&-o] ZHAsloicth.

Ethanol2] &T7} xylitol Alato]| O] %= A3t

Xyloseol] thdt glucose H]&o] FL+E xyloseo
gk xylitol®] fgo) 7tashe ol#-5 A wr| 93}
o FAFHEQ ethanolo] xylitol Ake]l vlx|& o k&
Z Akl ch(Fig. 2). Xylose 50 g/12] vix|ol| 4] oda] 7}
A} FX2] ethanol-$ xylitolo] A A== A Q) uljokA]
Zb 12 AZHFAFE < 3.5 ghell Arislkdch FA%
T Sl ethanold: #H718F A= Frlslgd oyt
2 o]4ke] FEelAM= ethanol®] X7} S
ZHA-8)53 A1 ethanol % 30 g/loll 4] = ethanol®] A7}
Nzt vlstel 7e] Zobsha Eakelch Xyliwole]
AL ethanol?] F=7} ZIUMERE ghadte
ethanol®] 5% 30 g/lel| & xyliwl®] F%7} 2.5 g/i7}
2] 7Z+A-3kdt}. Ethanol®] 37l xylitol 4RSS 7HA
A 7122 glucose %7} F7HE4E xylitol YA A
7} 2= AL glucoseF7HA] A= ethanolel] 7)
RLA A A R ) =

Ethanol 30 g/{7} A 7}s]o] xyliole] A4le] &)=
A NG A28l ethanol & A|AZ F FAE
xylose 50 g/I7} &f-5 R ul | o A ZE3}od L uf xy-
litolo] 33 g/i7} AYAI=| 2}, 0|71 ethanole] Ex)|7}
xylitol 4ol % 8& ZThe 28 ololaich,

Xylose2t glucosetiX|oflA BHGEE &7} xylitol
Afatoll ojxl= A&
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Fig. 3. Xylitol production using the concentrated cells

grown on glucose by Candida parapsilosis Cell mass
®—@, xylose A—A and xylitol B—R
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Fig. 4. Xylitol production using the not concentrated
cells by Candida parapsilosis Cell mass @—@®, xylose
A—A and xylitol B—R

Xylose2} glucoseol| 4] AdAgE 7+ d-Alef Apo] &
T3}b7] $13ted xylose T+ glucoseol|A] AAHEE
AL & 20 g2 553} xylose 50 g/i7} E3= vt
EuR]ell HF3te] wiokslodtt. Glucoseolr] A A3H
FHE AME-ste] kT 230 rpm (AU DS EA
4 30hNe 2 kgt Ax FAZALE AL ¢z
HEE A|7E 60X 7F A ol oF 34 g/io] xylitolo] AAJ ]
AthFig. 3). o] xylitol®] AJ4beg 2 & r = FS7 A
E AREA] o dubelofat Ao w53t Aoy
o} duhulofell M LEARE 6447kl 50 giZ
¥] 35 g/1¢] xylitolo] A= chFig. 4). o]2% A3}
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Table 2. Activities of xylose reductase and xylitol dehy-
rogenase of the normal cells, concentrated cells grown
on glucose, and concentrated cells grown on xylose

Not- Concentrated Concentrated
Cells concentrated cells grown cells grown
cells” on glucose” on xylose®
Xylose reductase
Total activity® 1.47 1.49 4.82
Specific activity” 0.46 0.13 0.47
Xylitol dehydrogenase
Total activity 1.22 1.10 3.49
Specific activity 0.38 0.10 0.34

"Data obtained from Fig. 4

“Data obtained from Fig. 3

*Data obtained from Fig. 5

“Total enzyme activities are expressed in mmol/m/-min
“Specific enzyme activities are expressed in mmol/mg-min

£ Ay #ste] FEaAE AHSEA] ¥ odnt
sief, glucoseol|A] A& FFdAE A8 wilofst
xyloseol| Al A A3 F&F A AR viokollAe] &
2e7bE A7t 22 alo] Table 26 hepisich. B4
7k xylitolo] AAE F < 1042} AapE A7kl
A EAstgd k. Fig. 3¢] glucoseol|4] A3} S A
€ AH8-3 b oA 9] xylose reductase2} xylitol dehy-
drogenase®] Sz} A el xylose reductase
9} xylitol dehydrogenase®] 7} Fig. 4ojA] &3]
o dubifere] Fozie} wlssigict olad AR
Ql3le] glucoseol|A AdA3E F2FAE ALSE wlof
o 21 2] xylose?] o]-&&x o} xylitole] AEES o
Hheloke] xylose®| o] &-&T o} xylitole] LT e}
v =8 A] Jeldar o 3 2 xylitol®] wx2} xy-
lose2] 772217ko] v]5=3lic}. w3l glucosedl] &]&}e]
A pEFAe xylitols A4 5 e el
Mot HEF wiA] Foll EA3l xyloseol| 2fsia{gt
xylitole] AJALE] o] xylose2] o] 8<% 2} xylitole] YA
£57t oduhleks} falgh Ao QTG 2B
2 C. parapsilosisell 4] glucose 7= xylitol A 4ko]]
& =gs FA FEch

Xyloseoll 4] A FHFAE ARSI LAY
xylose reductase$} xylitol dehydrogenase®] 7= H]
27 FA et dubaiefe] oo} ulE I xy-
lose reductase$} xylitol dehydrogenase?] £37}= o
Axro vl o2 Fr3lgict. 18] 22 xyloseol
A A AR =g A S AREE L E oA 2] xylitol A
He FAREE HIATS vlAde R 27h5o
xyloseoll 4 AT ¥2FAE AMgeo] LEA
18A]7kol] 50 g/l2] xylose 25-E] 40 g/I2] xylitol-& 3

w
o
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Fig. 5. Xylitol production using the concentrated cells
grown on xylose by Candida parapsilosis Cell mass —@,
xylose A—aA and xylito] B—#

& 4 ddch(Fig. 5). xyloseol] 3} xylitol®] $8§
80%<} xylitol JAFAL-L alululb 3 o] 3.4ulql 2.22 g/l-
hef| &=z el

2 %

Candida parapsilosis KFCC-108758 A}-§-3}¢] xy-
lose2} glucose?} xylitol A Ake]] vl 2] &= o 38 2A}3}
ot} XylosevP 50 g/l Fahe wlA]ellA wlokab
xylitol2t ABAJ =9l 77 xylosedl] glucoseS #7}s}od wl|
ofslml HAFE R ethanold} glycerole] AMAIE|gic)
Glucose FHeko| &2 xylitol Al S 7h4s)ed =]
9t ethanol3} glycerol®] oF& Z7}a}o] xylose 10 g/1¢}
glucose 40 g/ld off 2 digk zhzk 21.5 g/, 3.6 g/12) 3
hzHE el e} Glucosedd| 4] = xylitolo] 4343 =] 2]
23171 W&ol glucoseqt EA 3l wiR] A= xy-
litolo] & A=A ekt Xyloseol| th3h glucose
2} ) E-& A 719 wiokgt A# glucose ¥] &) ¥
S48 o] £ xyloseol] thgt AAE xylitol2] 80|
7343t} 378l ethanol?) F 58 ¥3}A) 7] 4
i3t A3t Y719 ethanol®] F=r} F71E4¢E xy-
loseoll 3k ABAIH xylitol®] AAto] 7hA4dled 7 B4
=& AAR F kg AL xylitol A 4ke] A =] %]
ettt 0] 712 xyloseol] tijF YAIEl xylitol®] 5=§-0)
ethanol7} 22 FAFEe| 23t 7oleb= A& ov|g
t}. Xylose B+ glucosesll4] AAH 715 o_} 20¢1
2 F&3}led xylose 50 g7t TS 2R u]R|of P&
&lod wjeFslsdct. GlucoseollA] AAgF FA|E AF2-3}
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xylitol A4toll 4]  xylose reductase®} xylitol dehy-
drogenase®] % 7h= FETAE AM-EA] S dut
wjore] a7 Aol nvjszalgdct. el xylosesl| A
QA FE2FAE AFER WA 2] xylose reduc-
tase?] <37}9} xylitol dehydrogenase®] «7}= w3
A el dubeeke] ofrie) vlesigic) oeim
2 xylitol WA & AAFEE S AFE vlEA
© 2 Z7}3}o] xyloseol| 4] AR} F2FA 2 wF A
7k 18A] 7)ol 50 g/l12] xylose ZH-E] 40 g/i2] xylitol&
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