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Xylitol is widely used in the food and medical industry. It is produced by the reduction of xylose
(lignocellulosic biomass) in the Saccharomyces cerevisiae strain, which is considered genetically safe. In
this study, the expression system of the GRE3 (YHR104WW) gene that encodes xylose reductase was
constructed to efficiently produce xylitol in the S. cerevisiae strain, and the secretory production of xy-
lose reductase was investigated. To select a suitable promoter for the expression of the GRE3 gene,
PGME-GRE3 and pAMF-GRE3 plasmid with GAL10 promoter and ADHI promoter, respectively, were
constructed. The mating factor a (MFa) signal sequence was also connected to each promoter for se-
cretory production. Each plasmid was transformed into S. cerevisize SEY2102 Atrpl, and SEY2102A
trpl/pGME- GRE3 and SEY2102 Atrpl/pAMEF-GRE3 transformants were selected. In the SEY2102A
trpl/pGME-GRE3 strain, the total activity of xylose reductase reached 0.34 unit/mg-protein when
NADPH was used as a cofactor; this activity was 1.5 fold higher than that in SEY2102Atrpl/
PAMF-GRE3 with ADH1 as the promoter. The secretion efficiency was 91% in both strains, indicating
that most of the recombinant xylose reductase was efficiently secreted in the extracellular fraction. In
a baffled flask culture of the SEY2102Atrpl/pGMEF-GRE3 strain, 12.1 g/1 of xylitol was produced
from 20 g/I of xylose, and ~83% of the consumed xylose was reduced to xylitol.
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ol et A 2FA L xylosed| raney nickeld} 22 T30 A
2o 3}EHARl FaTk 7] 93 Al zo]7] HTol FalE
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< 1% ez A o)A Xety] mEo AR} 22 A
Zu] & o] &8 xylitole] AAte] 875 3 TH24]. XyloseE
o] &3l A xylitol& AJ4tstE EA8E YHOZ xylose re-
ductase (XR)Zh= & A4 E AHEStE Ao ozt
& & 9t Xylose reductaset xylose utilization pathway®]
A WA dAE FX8E EAE NAD(P)H-dependent re-
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source®F-E] xylose reductase® wlate] EAEA, A=
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NADH-dependent xylose reductase (CtXR)E #2l3}iL
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boidinii®] xylose reductase (CbXYLI)E Saccharomyces cer-
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7150l AAZHE AdE ¢ ok =3 FEE A7 A 8t
T FAAE I AR SA wet Edo A3 pro-
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bination®] Ee}xlthe ARE BuE o] 9lo][15], xyloseE &
&2 02 xylitol 2 83}7] $3) A xylose reductase®] &4
< Fole HAY BN 2" S AEste Aol a7HT A
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< ol &ste Aol aFAo|T14]. whebA B AT M= S
cerevisine®] GRE3 A& inducible promoter?l GAL10
(galactose inducible) promoter$} constitutive promoter$
ADHI (constantly expression) promoterg ©]§3}¢] @A
7131, AR 9 signal sequences ©] 83} xylose reductase®]
wHl 3w Aakel] 7bd A promoterst FA b ex-
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Plasmid 7% % $%< 98 E coli 54X DH5aE
AR, R SFMEE S, cerevisine SEY2102 (MATa
ura3-52 leu2-3 leu2-112 his4-519 suc2 A9)°l TRP1 (ORF 0.7kb)
A7 KanMX A4 Z A 5o 249 SEY2102Atrpl
FFE A48t A2 S cerevisine] GRE3 F374 2@ &
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et Wd plasmide GRE3 #7379 ORF 49l MFa
(mating factor a) signal sequence (MFa s.8)& X&3t1 G5
A promoter?] GAL10 promoterg 7}A&= pGMF- GRE3 plas-
mid¢t 784 promoter?] ADHI promoters} 1A E-& 7}
A= pAMF-GRE3 plasmid& AH&-5t5ith. o] plasmide A
BUA R URA3 FAAE A3k 9lo] uracil 4874
Ho|F ARNEwun3-52)8 SFAELE AL F Yo

=

MZSt plasmid 75 ¥ 2N

GAL10 promoterE ©]-&3t4 S. cerevisiee®] GRE3 rZ1 79|
FEEE A plasmidE F5317] 34 pGMFa-XYLP
plasmid [14]& vector® Ar&3% 3L, SEY2102Atrp19] ge-
nomic DNAE % S 2 GRE3-F (5-AGGTGTTCCTCTAGA
TAAGAGATCTTCACTGGTTACT-3')% GRE3-R (5-TTCGT
TCAAGTCGACTCAGGCAAAAGTGGG- 3) primerE ©| &
dtd GRE3 A4S SF8tAth. Primers 2+t Xbal3t Sall
Agtaarm g 58 20bp vectorr Fo| TFIEE T A}
A H 3, pGMFa-XYLP plasmidE Xbal# Sall AFEAE
g3t cloning®] AH-&3tA T Clonings $131 A vectorst
%% GRE3 249 45&9 overlap regions Ab-&3ho
fusionA] 7] & In-fusion cloning (Clonetech)™ < ©] &3} 3 t}.
£ MFa £HIMEE o] &3t A4S &4 EEA7)7]
#3td GRE3 F2749] ATG AN ZEE AAT ALE =9
391, 73 plasmidE pGMF-GRE3Z 933t} ADHI
promoterE ©|-&3to] GRE3 A4S HLE £H|A7]7] 9
& plasmid®] T5& 1814 pVT-103U plasmid [23]E vector
2 A4391, pGMF-GRE3 plasmidE F3 22 pAMF-F
(5"-GCTGGATCCTCTAGAAGATTCCCATCC-3") 9}
PAGRE3-R (5-TGCTGCAGGCTCGAGTCAGGCAAAAGTG
GG-3') primerE ©] 434 GRE3 f3AE ZZ3 4t pVI-
103U plasmid€ BamHIZ} Xhol A FEAE % g3t vector
Z A$-3}99 3, in-fusion cloning ¥ < ©] &3] pAMF-GRE3
plasmidE 75383t 759 A2 plasmid= E.coli DH5a
AN ZZ, 22593, S. cerevisined] AR salmon
testes -2 9| single-stranded carrier DNAE A-&-3t+ high
efficiency transformation'§[6] ©] 833t

HHR] =4 ! HHREEA

S. cerevisine 7] FAMA ZE YPD ¥ A (1% yeast ex-
tract, 2% peptone, 2% glucose)E A&t 1L, A HE
T Aol YPDG ¥ A (1% yeast extract, 2% peptone, 1% glu-
cose, 1% galactose)& AF-&-3F5Th B3 xylosed A xylitol =
o AEs 9 AAAES ZH87] fstel YPDGX HiA (1%
yeast extract, 2% peptone, 1% glucose, 1% galactose, 2% xy-
lose)E At&atsith. FAASA Y HAES A% wWiA=zE
YNBCAD H#](0.67% yeast nitrogen base w/o amino acid,
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0.5% casamino acid, 2% glucose)E AH-&3tAth AZF AR
¢+ 5 ml YPD HjA oA 16~244 3 & A 3 %,
10 ml YPDG #JA ¢} 50ml YPDGX HjA o] 27t A % (initial
ODgw 0.1)3F 30C, 190 rpmol Al Z+Z} 484\ 2F, 72417k Wl ok 3h
Aok EEAZ 9 optical density (OD)& spectrophotometer
€ AHE-3 660 nm (ODgo) A S8 3 1L, dry cell weight
(DCW)= "8l 449 conversion factor (0.3 DCW (g/1)/OD)
£ A&sto A= 3TH11]

Xylose reductase (GRE3)2| §4&M &3

Xylose reductase®] EAZ4 A 915k 48417 v &gt
H S 3,000 rpmo & AAFEsq ¢4 JAES AL
Y-PER (Yeast Protein Extraction Reagent, Thermo Sc1ent1f1c)
£ 2 ml F7hste] Aol A 2023 v AZ T whg o]
At FF glass beads (0.4~0.6mm)E 7}t vortexing
st A Edste] Aede 9 ¥ v dvjdes dEs)
of A2 g o 75 23T Y-PERS} glass beadsE ©]-&
3te FZ 3 cell extractt] ¢} protein ¥ =+ bradfordH[1]2
2 %343, BSA (Bovine Serum Albumin)& XEEZE
0 mg/ml, 0.2 mg/ml, 04 mg/ml, 0.6 mg/ml, 0.8 mg/ml,
1.0 mg/mle] FHF HAriste] BEAA TS A4
Xylose reductase®] 424 Z4-E 0.7 ml9 50mM sodium
phosphate buffer (pH 6.5), 0.1 ml cell extract, 0.1 ml 2mM
NAD(P)HE ZF3}+ reaction solutions 137+ 25C o 4] ¥F
} 01 ml¢] 1M xylose®] 71d-& 71 F 340nmf A 9]

Ast e 283 RYE k] 346 GTH16]. lunit
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TZSt xylose reductaseE 0IS&t xylitol Harzk &8

A 2% xylose reductases HH3F= A A A 9 xylitol
RS 2487 98] D-xylitol assay kit (Megazyme)E
AH&3H T Xylitol®] A4S Hlasty] flste] A A ZHn}
o ] ¥ samplingd} %3, 96 wells platedl] 5 A3} kit
buffer (pH 8.6), NAD+/INT (iodonitrotetrazolium Chloride)
diaphorase® A 7F(Aj)dte] A2l A 483 ¥ F ELISA
reader (Bio-rad imarkTM miroplate reader)E At&-3}o] A492
nmoll A FEEE SASAT. FFUol Y SA sor-
bitol dehydrogenase (SDH) lyophilisateE H7HA)3te] 40%
LA AR, Ad2nmell A FHEE SHSL A,
B Agke] Aol & Alnteted xylitol g2 A= ST Be A
e 33 5y oE FPd AYlM Hags AT

RT-PCRZ S8t RHEA} W
SEY2102Atrpl w8k 2H2e] A A S A ol A GRE3
A9 HdES Hlwdy] $l8te] RT-PCRE S35t Trlzol

method [9]5 53] 4 &2 #39 total RNAES ZXO]’%
HyperscriptTM First strand synthesis Kit (GeneAll™)Z /\}%
st cDNAE §43tAth DNATA 272 2 ug total
RNA$} Oligo dTE #7He 14 Wl 65T A 583t vhg &
iceoll A 13t coolingdt L 10x RTase reaction buffer 2 pl,
0.IM DTT 1 ul, HyperscriptIM Reverse Transcriptse (200 U/u
)1yl ZymAllTM RNase Inhibitor 1 ulE 3 7}s}e] 55C o A
6087 WhS & 85T o A 58 uH-33}9] jced) A Coolingﬁ}‘:‘j
o §4 39 (DNAE PCRY T3 o2 AL85 %3, GRE3
A FE5E 93 GRE3-F9 GRE3-R primers A& 0}91‘3}.
ACT1 %2+ internal control24] ACT1-F (5-ATCCAAG
AGAGGTATCT-3)% ACT1-R (5-CACACTTCATGATGG
AG-3) primers Ab&3te] FZ 3}t

A o 1

Xylose reductase &8 MZES plasmide 75§

AR fre 2H AES o] &3te] GRE3 #AAE F 54,
TR Id-FHA7]7] Y8t GALI0 promoterst ADHI
promoter s}l 27 MFa #H A €% GRE3 frH A& clon-
ing3h] pGMF-GRE3 (7.35 kb)%} pAMF-GRE3 (7.36 kb) plas-
midg 7533 24 349 coding region (GRE3 77
o] SSLVTLNE A &5 ofr it a2 AdtE e 99)2
MFa &84 € (MFass)® 9714 obr] =4t 2+7] Lys-Arg (KR)
Holl AAHES design¥ 93, MY & BHAA F RN
W 9] KEX2 protease (yeast endopeptidase) [17]0] &3 Ao
¥ o] 4% ¥ (mature form)©] xylitol dehydrogenase’} Al
wto g FHlE 4 AUthFig. 1).

Xylose reductase Zt&d I 2H| At

T%9 pGMF-GRE3¢} pAMF-GRE3 plasmid& uracil ¥
FQ T3 WolF2l S cerevisine SEY2102 Atrpl T+l A A
$akof, YNBCADH A ol A 12+ A 8k it SEY2102Atrpl/
pGMF-GRE39} SEY2102A trpl/pAMF-GRE39] & d 7 34
T, FANACR 4 39 FAAEAE AEste 10 ml

PGMF-GRE3 — GALIgp [MFass| GRE3  |earn}—| wras |-
PAMF-GRE3 | ipmip [MFass|  rEs  [apmu}— vrss |
$ ATGAGATIT: - - - - - AAG AGA TCTTCA CTG GTT ACT

M R F K R, S 8§ L V T
L I

mature GRE3 gene

MFu signal sequence

Fig. 1. Schematic of the xylose reductase expression plasmids,
pGME-GRE3 and pAMF-GRE3. The nucleotide sequence
and deduced amino acid sequence of the junction
site between MFa signal sequence and the GRE3 gene
are indicated and the endopeptidase cleavage site is de-
noted by an arrow.



YPDG Hi Al ol A 484t v %3t xylose reductase 4 & &
el Hokth ARe FHIA Ll ofs) £HE xylose reductase
(extracellular activity)®] 2/4d%hs Hlws] & A3, SEY21024
trpl/pGMF-GRE3 7+ 0.22~0.31 unit/mg-protein®] xy-
lose reductase ¥4& H 91, SEY2102Atrpl/ pAMF-GRE3
9 4%+ 013~0.19 unit/mg-protein®] FAHE RS

E}"J & AT Fg 2. 1 F M w2 B T 32
A% #F5 A3t xylose reductase?] £4 & & (secretion
efficiency)& ZAbel Rtk 48417 Wi F4 9 FAE
Y-PER$} glass beads® #7}at W3A 71 5, cell extract®
FES Zadrgo AHgstlon, FAWRES AT co-
factor2 NADPHS} NADHE AH8-3F31th 71 A3}, NADPH
£ cofactor® AE-3tAS o, AA A< xylose reductase?] &
Aol w7 Y& 8 & ¢ A, #Hl 182 SEY21024
trpl/pGMF-GRE3 #3 9 SEY2102A trpl/pAMF-GRE3 #%
BT 9% BEE EEH 02 xylose reductaseE A X Jto &
THAEE & o A3UTH(Table 1). 9|22 MFa £HIME<&
A& AZF endoxylanased THIE&(91%)% 2 FF
[14]0.5 & A% FHIME S AHEste] dild S &3] 4l
A2l 74 $-(lipocortin- I (80% +H & &), levansucrase (50% &
H| & &), w-antitrypsin (70% #H &&) 18 1 endoglucanase
A (73% EHlEE)d HME 2 BHESS BYS

& Y3, 12, 18]. 3t %k NADHE cofactorZ A3 7%
T o BT S4%A o] NADPHE cofactor® AH-&-3} %
o 15% A 20% A= FE7HA &40 Astd s F &
91 H|(Table 1 and Fig. 2), ol S. cerevisiae®] xylose re-
ductase”} 4K S AT cofactor NADPHE M s3tthe=
A O & FJANAE AAetn & 5 Y A xy-
lose reductase®] &4l A4kell&= GALI0 promoter’t ADHI
promoter2t} B A3 promoterd & & 4 %3, NADPH
£ cofactor2 3] ) F-E9 xylose reductased A E o2
1 2Esdee A

ik wlo i rﬂSZ

RT-PCRES &%& xylose reductase &&E Hlw
GRE3 779 stk ol ADHI promoterg A8-3&
Ht} Gall0 promoterE A& W7} xylose reductase®] to-
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Fig. 2. Comparison of extracellular xylose reductase activity
(unit/mg-protein) in host strain SEY2102Atrpl, SEY
2102 Atrpl/pGMF-GRE3 and SEY2102Atrpl/pAME-
GRE3 transformants. The activities of xylose reductase
were investigated by using NADPH or NADH as co-
factor. Lane H: SEY2102 Atrpl strain; lane 1-3: SEY2102
Atrpl/pGME-GRE3 transformants No. 1-3; lane 4-6:
SEY2102 Atrpl/pAMF-GRE3 transformants No. 1-3.

tal activity7} 169 A& S7HE &S &0 & 5 ASd=H,
o]Z10] GRE3 +#4¢] transcription level®] F7F1A T2
24 S7He 9FUA S E7] 98] RT-PCRE 353
o}, SEY2102Atrpl #59F SEY21024 trpl/pGMF-GRE3 75
2 SEY2102Atrp1/pAMF GRE3 #52 %H total RNAZ

311, cDNA 4 ¥, GRE3 F349} ACT1 /445 F
—"“0}‘_ primer set® PCR< 33ttt 1 A%, A& 1 copy
o] GRE3 frAAE 7M1 = SEY2102Atrpl ol B 3j A]
SEY2102 Atrpl/pGMF-GRE3 #% 9 SEY2102 Atrpl/pAMEF-
GRE3 # 9 GRE3 7<) transcription levelo] Z7}5 1
29 % 4 9, SEY21024 trpl /pGMF-GRE3 759}
SEY2102 A trpl/ pAMF-GRE3 ¥ 5-}9] transcription level 2}
ol AR kAT, GALIO promoterE A8 797} ADHI
promoters A& 4 $RTh GRE3 A4 transcription
levelo] S7HE&S & %l%it}(ﬁg 3). wekA GALI0
promoterell 23] 2 H GRE3 329 transcription level2|
S7F= xylose reductase 240] S71E 52 SAL 4 AT

Table 1. Comparison of dry cell weight (g/1) and xylose reductase activity (unit/mg-protein) in host strain SEY2102 Atrpl, SEY2102 A
trpl/pGMEF-GRE3 and SEY2102Atrpl/pAMF-GRE3 transformants

Xylose reductase activity (unit/mg-protein)

Strains ]()C/‘S[ NADPH NADH
& Supernatant Cell extract Supernatant Cell extract
SEY2102 A trpl 5.49 0.06 0.002 0.02 0.0006
SEY2102 A trp1/ pGMF-GRE3 6.63 0.31 0.03 0.05 0.0008
SEY2102 Atrpl/pAMF-GRE3 5.88 0.19 0.02 0.04 0.0005

The activities of extracellular and intracellular xylose reductase were investigated by using NADPH or NADH as cofactor.

*Each strain was cultivated in YPDG medium for 48 hr at 30°C.
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1 2 3 1 2 3
GRE3 ACTI

Fig. 3. Analysis of the transcription levels of xylose reductase
gene using RT-PCR. Total RNA was isolated from
SEY2102 Atrpl strain, SEY2102 A trpl/pGMEF-GRE3 and
SEY2102 Atrpl/pAMF-GRE3 transformants. cDNA was
synthesized from total RNA by RT-PCR. The GRE3 and
ACT1 (internal control) genes were amplified by PCR
using each ¢cDNA as template, and the products were
visualized by agarose gel electrophoresis. Lane 1: SEY
2102 Atrpl strain; lane 2: SEY2102 Atrpl/pGMEF-GRE3
transformant; lane 3: SEY2102 Atrpl/pAMF-GRE3 trans-
formant.

XyloseZFE xylitol Atk £3

SEY2102 Atrpl/pGMF-GRE3 #57} #HI Ak Al 23
xylose reductaseE AH-&3ko] BRI F 9| xyloseZ} xylitolZ
conversion 5= FEE ZA 7] 98], SEY2102 A trpl T
9} SEY2102 Atrpl/pGMF-GRE3 #5& 77} 10 g/19] glu-
cose, 10 g/19] galactose®} 20 g/19] xyloseE ¥ YP me-
diumo A 7247t 59t baffled flask ¥l %S 3t 1 A3,
T T B g 36417 o] Fell= A9 stationary phase®l
o7t o o] F SHA g5 & F AL, WA T B
HjoF 12X 708 FA 8] ZHAastE T, AR xylitolo] -2 244
7t ol% FUtEE At RS ¢ F it iAFY
HAFL glucose I xyloseE: EEEHEZ AE3HS o,
SEY2102 A trpl #5-9] 7 139g/1, SEY2102 A trpl/ pGME-
GRE3 #59 A$E 55 g/l A% Folsl&S Felsta.
ol = S. cerevisiae &5 YPD(1%)G(1%) i A o Al 48A] 2t ul
FgE o, glucoset galactose”} B 2447t o] & A9 AR
Hoe 232 HE dopsle FAdFL hFEo] xylose=
FAHH, ARH xylosew galactosed] 93 = HHH xy-
lose reductase®] &3} xylitol 2 3= Q&< A ASTE A A
B 247k 3ol A xylitol $ 25 SH38) £ A3}, SEY21024
trpl#F 9| 45 71E9 xylose reductasel] ©}3f 5.7 g/1°]
xylitol & AAAES & 4 A3, SEY2102A trpl/ pGMEF-
GRE3 # 79 49+ #LHH A= xylose reductased] 9
a of 2] A= F7He 121 g/19) xylitol e A 4H3h9 o (Fig.
4). o] AEH xylosed] o 83% HE7} xylitolZ 3H = A&
< 9w, 7] & 20 g/19] xyloseZHE & SEY21024
trpl/pGMF-GRE3 # -l 4 ¢F 60% & =¢] conversion rate
(%) BT & 4 Aok, o] AFE Candida tropicalis 5
o] A%, 49 g/19] xylose=F-E] 15.8 g/19] xylitol (32% con-
version)& A4FETHE B 31[20]9} fed-batch fermentation]
A E 21g/19] xyloseZF-E 12~165 g/19] xylitol& A 2+3t
HI[11]9} vl 54 baffled flask Wl o] 2o A #]A] Fo

d

A

Residual reducing sugar (g/l)

DCW, Xylitol concentration (g/l)

0 10 20 30 40 50 60 70

Culture times (hr)

Fig. 4. Reducing sugar, dry cell weight (DCW) and xylitol con-
centration in baffled flask culture of SEY2102 Atrpl and
SEY2102 Atrpl/pGMEF-GRE3 strains on YPD(1%)G(1%)
X(2%) medium. Symbols are denoted as follows: O, ®,
xylitol; &, A, DCW; [J, B, reducing sugar. Open sym-
bols, SEY2102 Atrpl strain; Closed symbols, SEY2102 A
trpl/pGMEF-GRE3 transformant.

rlo

Z BlE xylose reductase®] xylitol A3 F&& 243 ¥
FAF obd e HolEn,

£ Aol A= lignocellulosic biomass (xylose)ZH-El 2] F
g o g kdol o] &7k 7 2 xylitol & HAHsk7] Hl8l xy-
lose reductased] FLH A|28L FL25%1, §&FH0E
xylose reductase® &1 HH8FAT. S, cerevisineo] A 758
xylose reductase T3 A 228l xylitol ¥ 7+ ofU 2}, xylose®
¥ bioethanol®] A& 93 #d WA (xylitol de-
hydrogenase, xylulose kinase)®] @ HulA 28 5 9 o
FALAE 82 F & Aol A4dn.

ZAte 2

B APE A REAGE o] FRPIZATAYY A
ATAA DAY (FAME : 2014R1A1A1003519)] o3 43
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ZE : Xylitol MaH0fl ZZz2tE xylose reductase (GRES)Q| EH|LS A|AH

M- A’ - Pois 2
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(Tt 2vtERto| e @23}, *Foistn A3t

Xylitol > 2% 9 584G elA o] 87147 & 4R, lignocellulosic biomassS! xylose] U ZHEH A
A, R FAH R FAE Saccharomyces cerevisine ¥ 5 Aokl AAE AL Tk wEkA B AT A&
S. cerevisiae®| A xylitol e E-&H 0.2 A4+3L7] 93l xylose reductased codedt= GRE3 (YHT104W)F A 2k<] &
A 2"E F559, xylose reductase®] EHI YA 9 xylitol A 4H3 & AL 8ttt WA GRE3 44
dE o] 43 promoters] A& 93] GALI0 promoter®t ADHI promoter 3}t ZH7t mating factor a (MFa)
signal sequence®} GRE3 fA#4E 7}2 pGMF-GRE3% pAMF-GRE3 plasmidE %8t th. 27+9] plasmids=
S. cerevisine SEY2102A trp17#5-0] 84 784591, SEY2102 A trpl/pGME-GRE3} SEY21024 trpl/ pAMF-GRE3
FAASFIE ABHUY. I F SEY2102 4 trpl/pGMF-GRE3 # 59| 4 NADPHZE cofactor® A&3-& ] 0.34
unit/mg-protein®] xylose reductase A (total activity)s= R A3, ADHI promoterg 7}% SEY21024
trpl/pAMF-GRE3 ¢ Hlel 15H] 52 &4 57HE &< & ¢ Ut B F ¢FoA 25 91%9] #vEs
S Ho] g &9 A 2T xylose reductase’} ME o2 F&H 02 T3 FHHASS ¢ & AT SEY2102
Atrpl/pGMF-GRE3 #5& AH-4-3t baffled flask Hl ol Al xylitol AAFS ZAMS) & A3, 20 g/19 xyloseZ 5
B 121 g/19] xylitol& AAetglal, &2 xylosed] oF 83% A =7} xylitol 2 FAHUTS & F AT



