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In order to produce xylitol with high vield, experiments were carried out to develope xylitol dehydrogenase (XDH) defective
mutant from Pichia stipitis and to investigate the xylitol fermentation characteristics of mutant strain. After treatment of P.
stipitis with EMS, mutant PXM-4 was selected based on the XDH activity and xylitol production capability. Among the tested
cosubstrates, galactose was selected as an adequate cosubstrate on xylitol production of mutant PXM-4. With the increase
of galactose concentration, xylitol production was decreased because the transport of xylose into cell was inhibited by
galactose. The optimal concentration of galactose for the production of xylitol using 20 g/L xylose was 20 g/L. Under this
condition, maximum concentration of xylitol and yield were 14.4 g/L and 97%, respectively. in order to prevent the inhibitory
effect of xylose transport by galactose, galactose was fed with low concentration and the concentration of xylitol produced
was increased up to 25 g/L. In the fermentation of corn cob hydrolyzate by mutant PXM-4, xylose was completely converted

to xylitol with a 100% vyield in 4 days culture.
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oA Eo] 23 xylitole] AJ4te] gk A= Onishe} Suz-
uki(1)7} xylose tjAlAA 2o F8 AAEZ xylitolo] AL+
g Bug o] FE HAHE 3 xylitol A4kl tigk B
< A7t o]FoHG. Xylitole Me dix Fug2A ¢4
3k VAT B3kl xylitole] AJAF 7]A Q] xyloseo] Tt
7 MR wFel ARgo] AgHHolth wEbA, HEAERAME
xylitol9] AFFAQD ABibE 9% & 2 A St g
dAF7F Eds APHD Yok

AR o3 xylosed %7] AR L HA D-xyloses}t
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NAD(P)H-dependent xylose reductase(XR)ol| 9]3}e] xylitol=
B951, theo& NAD'-dependent xylitol dehydrogenase
(XDH)ol| ¢]3le] xylitolZ D-xylulose 2 AM&IA|7]E F B4
wgoltt ol WHEARE T EE9 xylitol Y4kl
Barbosa 5(2)-& NADHE cofactor2 Al23}9E A0 &%
9] xylose UAHE-& thg-3 P

126 xylose + 3 O, + 6 ADP + 6 Pi + 48 HO —
114 xylitol + 6 ATP + 60 CO;

£9] stoichiometryol] 23} xylitol?] ©]£ZQ] $~&-2 0.905
g-xylitol/g-xylose 2 H ¥l Jrh2). d¥rro g xylitol A
ol F83 4TS RE AT 8QoFE SELFA A
o2 HuET ok A4 AZFRANA AHEW NADPHSH
NADH®] F=7} FolAA Ho] D-xyloses] #gio] HE5 0]
xylitolo] ZHETH3). Furlan F@4)& wiA] W E244L%S
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0.44%0) 4 0.80%5 Z7MNAS o, AAE xyliol ¥ L
o] 7AEAYr Budgoen, X3+ Nolleau E(5)H
Winkenlhausen $(6)2 Candida guilliermondii, C. parap-
silosis, C. boidiniiol] 23} xylitol L HA iz |} BE7]FS
AN CZA] ethanol BTH= xyliole] AAbAd = 8o
S7Hta 2ustRoh Xyliol F&& F7H0717] A% ®
2 890 Z XM cosubstrate?] Hrloltk Silva ()& C
guilliermondiiZ ©]-83% xylitol 2 &A glucosed] H7l=
xylose reductase(XR)2] #42 JA|A|7]7] djEo] xylitol &
T 743t n Budtgth 18y Yahashi £(8)& 133
® C. tropicalisol 4 cosubstrate 2A] glucoseE A7 oz A
xylitole] A& 9 Ha&ErE FrMgita Bastgen, 1
AN HEALFS Y3l glucose?} xyloseR Tt o whe] AHg
© 24 pentose phosphate pathwayol 4] NADPHS] AA-& F7}A)
A xylitol Y4t F=&o] F718t97] HELE EX8HHTh

weld] B Ao e xylitol A & F/HE EHO
2 Pichia stipitis CBS 5773°.2%-E] xylitol dehydrogenase
(XDH)2] &40} AAHR HolFFE Estn, olg o|&F
xylitol WA A] cosubstrate H7}7} xylitol Akl w)X]=
ol B 78 FUIHA

ME 2

5 L HRIxY

B AR AMe P. stipitis CBS 5776 0.2 5-F xylitol dehyd-
rogenase (XDH)S] 848 443 AAAZ Wo|dF PXM4E
AHESIAT)E kY EEE wiAle YPX (10 gL yeast
extract, 10 g/L Bacto peptone, 20 g/L xylose)ol] 20 g/L agar
g /MY AMEWMAE ARSSERen, WojdEF PXM4T
xylose ™4l glucose (YPD)7} A71E wlR& ALL-3l¥T o
T Adie AbguRe] #F& HIANA F2 wF7I6AM 3
0TCE 24217 HjFE F 4To] BAsAA AHE3Igon, 4
Folth FYg A AbHEiA|A] Aldiujsldth. XDH
defective mutant?] X8-§ ¢J3F wx]= YPDX (10 g/L yeast
extract, 10 g/L Bacto peptone, 20 g/L xylose, 5 g/L glucose)
MRS et B5E FFe WS 250 mL A7
flaskol] YPD uuiA] 50 mLE& Hriste] Edg F FF&
HE3] 1247 Bk 30TCAA 150 pmo2 ZlEh wjjokslo]
AHESIATE ZE wlgE AY HEE dF9 2 02 gL=
3tk =3 #jx)el pHe "ol wfel | N HCl 2 NaOH
€ ol &3l pHE 2T

Xylitol gt

Xylitol A+ 9I3F HEV)R)= 5 g/l yeast extract, 5 g/L
Bacto peptone, 5 g/L K,HPO., 2 g/L (NH4),S50; 04 g/L
MgSO;- TH,0& AM8-819 3, xylose 2 cosubstrated] F5+= ¥
2ol met WsAA ARSI W WAl 9 wliol
dEE 10~100 gLe] Fo] x5 LEH|R] 200 mLE 500 mL
A2t flaskel]l @32 30T 150 ppmo 2 w4t

244 Kof A e
S54 &9 ARE T 2o] AZSAT. S55 52
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60°Co A 48A1715¢ ARANA 43 &, 20~40 mesh7} 5
EE 9o, AEe A8 A7) Aol 60TolA 244
ol AXAA ARESIHTE 20~40 meshe] &5 £
4%(wjv) NaOHE #H7}3le] ligning A Ak 7)o 1%(wiv)
H:S0.5 F7Feted 100ColA] 4417 51t ¥H-3A17) &, Wha-
tman filter paper No. 1€ E3AA Ao A 7R £
S W o} &3ATh

£0io|o] S 2 XDH defective mutante] M

Ed9Ho)d fFE+ Ryu 59)2 Wy we 718 ug )
AollA 12 A7+ Fob wjgst AX 5 mLE Y4Ee] 3ty A

& FA3n EEaR 28 AHs & 5499 f2E 9
3 A5 2 ALE3IYTE A9 3%(v/v) ethylmethane sulfonate
(EMS)E AHzZ3ld Wolg fxstgen, EMSY Az Azt
2 A7t whg AETHE AT £ 99.9% o]do] AbEst
T 208 59 AYsidok £ FY £ 5 %(w/v) sod-
jum thiosulfate® H7}sle Wo| §5& Zdaly, HASA
8|43l AEejAd] =g § Fol 30ToA 3¢ 7b wjdst
o MAE colonies Fo|A A& o@ 22 coloniesE: A&
gtk datHez AEE WoldFE Z7 20 g/l glucose
2 xylose7} 89 wi<k wjx]|o] A replica plating WHS o}
B3le] 53] Adelg g F xylose WA FF3tA] Zot
T WolEFE HFAHoE AEsch

XR 2 XDH EAMZ=H

XR % XDH #4& Han 5(10)8 WS WA &
3 ge PHoR EYsATE Aasde Fue LEWA
N QAN WD T e AR d] A5
AAs L MEE F5Yct 3T HAEE 50 mM potas-
sium phosphate buffer (pH 7.0)E 23] 4|23} ¥ beadbeater
(Biospec. USA)E ©]-&3ta] 4,000 rpmoE 387 4 ¥E 7
3 Fo FAEE (12,000rpm, 15min)dle] AFAE &
fdoz ol&stt EE EixEA9 Fu|gHL 4T
F38Hh. XR 849 &AL 50 mM phosphate buffer (pH
7.0) 1.5 mL, 0.1 M 2-mercaptoethanol 0.2 mL, 4 mM
NADPH 02 mL, 8489 | mLE Y1 7]d24 05 M
D-xylose 0.2 mLE #7}sle] wh&-& A1FE & 340 nmoijjA
FAeE 2439k olw &9 1 units 1E% | nmold
NADPH7} Zase z7|&£22 Aolstqin)

=3 XDH &4 50 mM phosphate buffer (pH 7.0) 1.5
mL, 0.1 M 2-mercaptoethanol 0.2 mL, 4 mM NAD" 0.2 mL,
489 1 mLE W3 7]AEA 05 M D-xylitol 0.2 mLE
Wlsel Wee AAE F 40 mold FRES EHehdl
t} ol &A9 1 units 187 1 nmol®] NADH7} AAE
= 71652 AHosgck T3 49 specific activity=
unitymg-proteinZ  YERAYTE A4xBHe] old Fos
Lowry-Foline $(11)e] 2|3} 243tk

24 uiy

FA) o] 248 spectrophotometer (Shimadzu, Japan)E 620
mmollA EFEE SAsY FF=9) Az FAFY ZET
Aol olate] Az TAHFLE etk Xylitol ¥ EE
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32 carbohydrate analysis column (Waters Co., USA)& o] &
3} HPLC (Waters Co., USA)ollA Refractive Index(RI)
detecter2 ZA3lgct. Bule) EAL E3}  acetonitrile S
15:852 &3l AMEEeH, 4L 2 mLminlE 3¢
o} M Ef galactose, xylose @ xylitol?] FEE vjddS ¢
AREE] A& AXE YAHFY FFrol dHAIA beadd-
eater (Biospec. USA)Z AEE g Fo dHdED
(12,000rpm, 15min)3}ed AHEe8-S HPLCE EA84ch

2o 2 &

XDH defective mutante] |

Xylitol AAHE 93t 71AEA xylosex ©7p7t HIA7] o
ol xylitol A4+ &9 SU L go|u) matr E dF
e AR xylose thAl #F4 F xylitol 2HE xylulose &
Z3HS o}7)d}= xylitol dehydrogenase?] EAdo] AAHE wo)
TFE F=stdnt daxes dds wold+E Z4z 20
g/L glucose9} xylose7} E3HE ujek wjx]o A replica plating
Wg o83t 53 Althulk & F xylose HiAA AR
32 Rl WHolTFE HFHSE HAPIY P stipitis]
wild typed} XAEE WHolgFES 10 g/L xyloses} 10 g/L
ghicose7} H7}E wraBiR A wjkslEr XDH &4 o
xylitol AJAF A& H|W3}e] Table 19 el XDHE]
AL glucoser} ZF AHIE F xyloseZ} AB|EE AI7H)
Hj Gk 24X b4 &85 AT} HolgF PXMA4, 7, 13, 158
XDH9| #Ado| &A3] AAHUSE FAsIH) =3 vk
49 ¥ HF xylitol F=5 F4% Zo HolFF PXM-47}
57 gLZ 7V $eilen, o e &2 98% o|3ith
webA oleigt Ade] LAY xylitol A E F&o]
3l3, XDH &/do] &3] AAH WHo|dF< PXM4E 3
FHoE dEstrh

Cosubstrate2] MAE

Ho|gF PXM-4e A2e A47 §A % xylitol Jir-&
A% cofactor®] TFS YA = xylitol LH A cosubstrate
o A7Ph "edont. wepM A¥E PXM-47} @9l ¥
duiRPdo 2 o]f 715slHA] xylitol 4438 £} cofactor
2 ATY F Y= cosubstrated] Mo #AF AFL $3)3}

Table 1. Selection of XDH defective mutant from P. stipitis CBS 5776.
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Dry cell weight (g/L)

Sugars and xylitol concentration (g/L)

Culture time (day)

Figure 1. Profiles of cell growth(@), galactose(lll), xylose(4), and
xylitol(¥) concentrations during the flask culture of P. stipitis.

12

S
4 =
=]
k=1
-~ s
N
G E
= 2
i g
F 2 E
= >
@ o
- T
a b
[}
&0
A

0 & & &

0 1 2 3 4 5 6
Culture time (day)

Figure 2. Profiles of cell growth(@), galactose(lll), xylose(A), and
xylitol('¥) concentrations during the flask culture of mutant PXM-4.

Atk Cosubstrate A4l AM8-H 7|24 99F % o)
F o]2aL, 27 10 g/l cosubstrate®} 10 g/ xyloseZ} 7}
B wFujRelA xyliol BHEE £33 ZAE Table 20 1}

Specific XDH activity

Strain Residual xylose (g/L) Xylitol conc.(g/L)  Xylitol yield (%) (unit/mg-protein)

P. stipitis 0 0.2 2 107
mutant PXM-1 2.5 45 60 56

" -4 4.2 5.7 98 0

" -7 438 49 94 0

" -8 49 4.7 92 24

" -13 51 4.8 98 0

" -15 438 5.2 100

” -22 3.8 45 73 49

" -45 2.1 35 45 838
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Table 2. Selection of appropriate cosubstrate for xylitol production by mutant PXM-4.

Cosubstrate Dry cell weight (g/L) Residual xylose (g/L) Xvlitol conc. (g/L) Xylitol yield (%)
Fructose 6.2 5.2 44 92
Galactose 6.4 44 56 99
Glucose 6.4 43 2.6 97
Mannose 5.3 2.8 43 100
Cellobiose 0.2 9.7 0 0
Lactose 0.3 10.1 0 0
Maltose 1.2 76 1.1 43
Sucrose 6.5 86 0.7 53

EMIQtE X AR cosubstrate2A] maltoseE AFR3F A
£ 7.3 glL2 7V 3o, xylitol A4S $13F cosub-
strate 2 A= galactose7} 7V AHE Aoz ez ow,
o] W AAE xylitold] FEE 5.6 gLolAL, FE&E 9%
o]t

T3 P ostipitis®] ofTF-9} WHo|dF PXM4E 0]&3to
10 g/L galactose$} xylose7} E3E @ njA]o)| A xylitol
58 st Fo ol& T xylitol AAF5HE AES
A3}, ok#EF9 Z-$(Figure )= Wi 1Ykl galactose s}
xyloseE R5 AWISFG o) xylitol & A3 AFAA3A] oot

b, gHoldF PXM-49] Z9-(Figure 2)= #1447
galactoseE BF AHISIY AL, xylosei= galactose’} 5% 4K

E o]FHE o8] AEETh e, w4 o]FdE
sylitol B4 £57h 328 B2, e 59 olFoE
o ol xylitold] w57t F718HAl FUth A4E xylitol €]
%L oF 6.0 gLZ, AHE xyloseo] & xylitol A4+ 58L&
100% o]} o]#3t A= galactose’} xylose2] transportS
A GO ZH galactose7} EF AH|E o]Fof xyloser} A|lE
W2 FUHSZHA xylose7} xylitol2 HEE e AAo] o
3t NADP(H)7} ££317] £ Aoz ALRHETN12,13).

Sugar transport} XR EHMdnjo| ZHA|

XyloseZ5E &8O F xylitolS A7) YalA= co-
substrateol] 2J3] XR2] cofactorg] NAD(P)HS] Aj&3<Q 37
o] Hasltl 3713 2734 NADP)H= pentose phos-
phate pathway, glycolysis @ TCA cycleolA] A4k=o], o]#]
3 HAHL 2% HE U redox balance9} #AI7} Ark(14). 2
HEZ xylitold] 8 ZF71E )M = xyloses} cosubstrate 7}
ZAd] ME W2 u5)o] cosubstrate= A F Q] AA W XR
9] cofactorql NAD(P)HS] F-gol o]-&=& o] vl st
wetd B A AE cosubstrate 2 A E galactosed} A|E
W olF ¥ XRe| @A) BAG) P A8 S
Figure 304 Uehd AT o] A W galactoser} ¢33
ZHIF s A7 i 12417 74Xe AlE 2 galactoser}
WA transport®] T, xylosex= I o] Fof transport7} Lojih=
AL old 4 AUk =3 ME =2 xyloser} transport F
FRE XRY #4e Fsly] AlFEATh oled AR
E ), galactoseol] 2}3}] xylose2] transport7} A ES &<l

250

g 2 g

3
Intracellular sugar conc. (pg/g-DCW)

Specific XR activity (unit/mg-protein)

20
Culture time (h)

Figure 3. Profiles of specific XR activity(__) and intracellular gal-
actose(_]), xylose(A), xylitol(¥) concentrations during the flask culture
of mutant PXM-4.

& 4 Ao, o]2 Qldte] galactosert WA AMEe| F
Ho] AH|HOoEM xyloseE xylitols Z#3}7] $1% NAD
(PHS) FFo] H&stA o] H7Ie xylosert EF xylitol2
Agg)z) Fale Ag AT

%7| xylose U galactose S| H&t

E4H2 xyliold] B4 913 27] xylose FEL F&ol
g 28-S 339tk 7] xylose ¥ 10~100 gLZ
H3lA)Z 3, o] W galactose?] FELE xylosed] F=9} 1:10]
A2 Al 5Y F9 xliol BEE FU ARE
Table 304 Vellidch A&FA3 27] xylosed] FE7} 20
gLol A MEQFL 49 gLEA 71 3, xylosed]
FX7F 50 g/L o]Aell M= galactosed] X7} SUlEOlE &
TFatn AEAe] ATk ol P ostpitis7t Foll gt
WAol @7 dfF Aoz AlgETh ©]23 Ao 23l
%7] xylosed] FEE 20 gL7} 713 AR Aoz AAs}
At Eg 27] xylosed) Fx7F F71E wet dEIE
xylose®] FE7h 2A F7HeHE & F ATk ol AA=
Vandeska S(15)°]1} Meyrial 5(16)o] X113} Candida sp.ol
A Z27] xylose®] F57F E7Hge whet xyliole] Ak 2 4
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Table 3. Effect of initial xylose concentration on the production of xylitol by mutant PXM-4.

Residual xylose (g/L)

Xylitol conc. (g/L)  Xylitol yield (%)

Initial xylose conc. (g/L) | Dry cell weight (g/L)
10 4.7
20 49
50 46
100 45

4.7 5.7 100
6.8 13.1 99
311 18.7 100
78.3 216 100

Table 4. Effect of initial galactose concentration of medium containing 20 g/L xylose on the production of xylitol by mutant PXM-4.

Initial galactose conc. (g/L) | Dry cell weight (g/I.) Residual xylose (g/1.) Xylitol Conc. (g/L)  Xylitol yield (%)
10 2.8 15.2 4.6 96
20 5.0 5.1 144 97
50 8.3 10.9 8.3 97
100 14.1 16.4 34 94
10

&o] Uitk dHde Aol dag I 1 fue
IFEE A7 galactose”}t xylitol A2HS $3+ cosubstrate
249 I thE xylose?] transportE A|EHR 7] WREo =
At HTh @WetA] xylosed] transportE A4 8}A] % galac-
tosed] 3HA 27] L& A7 AT H¥S sy,
3 AFE Table 49 JERATE %7 xylose BE+E 20 g/l
2 1A, galactose?] FEE 10~100 g/lL2 HIAA
A713E & 59 F9F xylitol FEE £330t Table 40 1}
Bl A3 o] xylitol AARE 98l galactosed] % 20
giLell A 7 S8t e, of of HE xylitold %= % 4
&L 747} 144 g/L9} 97% otk gy, galactosed] FE
7} F7vekel wEk X A3gL F7ste] 100 g/l galactose
A A 14.1 glLe] ME AL Yehlglon), xylitole] A
A2 2387 galactose?] w=7F F7HE] wet 23] Ta
314t ol3d AIE Hol 1EEF 9 galactosers xylose
transportE A5}l xylitol Fiko] HFE st =
%k 10 g/L galactose ®jA|o| A= 4.6 g/L9] xylitol Tho] A4}
Heled), ole #7149 galactose7l UIF-E A E AAo] o]&
oy xylitol B3-S g cofactorg FH3] FFoHA] E3IH
7] Fo2 Al HCh

Galactose2| feedingol 2|5t xylitol 25

P. stipitis®] WojiF PXM-4o] ¢J&le] A0 T xylitol
g e AsMe JEEE xyloseS A3 xylitol2 A
A7) Aol a7HTh HolFE PXM-40) 23t xylitol g
BoM FEI}e xylosed] &7t & olf= Y 7]
galactose7} 25 AH|FH O ZH xylosed| A xylitol 2 AgalE=
ol a3t NAD(PH7} F£3517] & AoZ ALEHUTH
wEbd {7k wg S 5 HE wliel $E9) AE
&5 8 S7MNA7] S d3e RS ' 8l
A xylitol F=7F o] ol S7HEA e AVIQ) vl 499
galactose = feeding 3} xylitol AJAjo] hel HIE FA}S)H

Dry cell weight (g/L)
Sugar and xylitel concentration (g/L)

& &
2 3 4 5

Culture time (day)

L 2
~

Figure 4. Profiles of cell growth(@), galactose(l), xylose(A), xylitol
('¥) concentrations during the flask culture of mutant PXM-4 with 10
g/L galactose feeding.

%At Figure 4¢ll4 vt AAE alof 49 10 g/Le] gala-
ctoseS feeding3t o] F v 64714 xylitold] FE=7} Al
o2 Z74EHa, MY 6 olF e T xylitol AYAdo] F
GHE AE 2 F U ol xyliole] %7 O ol F
Va4 %= AlZHA duz] diab 2 NADP)HE] regene-
ration-2- $J3} substrate7} TZE 7] wjEoll o] galactoseE
FRFOEH wlitel A& 72 F e 298 &

At

S {0 M IR S22 0|8 xylitol g
2Hpp £ EAU gF S HE AUlASE hemicell-

ulose?] F&Fo] & ¥l ojuyE}l glucose, galactose, arabi-
nose 53 2> 7 AES TSt glof B Aol o3 i
WE HoldF PXM-4E o83 xylitol ¥WEE $33tHh
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Figure 5. Profiles of cell growth(@), xylose(A), and xylitol(¥) con
centrations during the flask culture of com cob hydrolyzate by mutant
PXM-4.

Sas &o 2 SR 22 o8 xylil BE AP
S44 £ozRE 228 xylosed] FE7t 5 glyt HES

3] HolFF PXM4E o]&3ld AYPE P, 2 2
= Figure 59 VepRich WA W Ex8te 99 =7}
A @3, S5 &9 32 BAAAM AYdHe FUEER
sl HE ¥t 131 glzA EAE Fou} wjx) ) &
AT xyloses HIGE 400 BE xylitolZ AFH RS 2
etk od A S5 &9 A iR Bl &4
3l xylose o]9)e} @ HEEo] AX 47 Z xylitol A+
93} cosubstrate 2 ©)-&% 7] WjFEOo T AlgEL}

wety B Q47 dae] 2Aste nR7HAY xylitol A
A g0 F7lo] B3 die &7 FFEHE XDH defe-
ctive mutantS 7§¢étw 26 w2 A3 cosubstrate] 417
3 3E TR el std FE3] 70l S &
g & A

o ol
|

B Ao ME L 482 yylitolE AAE7] 98t P
stipitis CBS 5776 2.2 X-E} xylitol dehydrogenase (XDH)®| &
Jol Aeid WolFFe AL xylitol FE S4 B A
e Faslgry. EMSE xalste] XDH defective WOl F
9l PXM4E HEHoz AWy, WHoldsF PXM-42|
XDH €4& &733l XDH &4c] ¢43] AL HoldF
9e Yt WoldFE PXM-49] xylitol L&A 71
Z38l cosubstrate 2] galactoseE A3t Galactose 9}
xylosed] 3t jA|olA  xylitol TEE FI Ay
galactose®] FE7} 20 g/L ool ME xylitol A4to]l 23]H
olA W, 20 g/l xyloseE o]&3 xylitol ®rEAA 713
33 galactosed] FTE 20 g/l oo, ALk xylitol<]
FEE 144 gL X, 8 97% ook =T AEI}E
xyloseE £A3) xylitol2 AZAIF17] 943k xylitol F=7}
2752 e A7) galactoseE HU1Ee.zA #HF xylitol
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FEE 25 gL M4 NG S5 £9 A teEs
£A8 o] 47 xylitol HEA wiA W EA3lE xylose
EF xylitol2 AEEE SAATh ot Ze Aol W}
XDH defective HO)ZFFE /MLFozZH £ F8&9 xylitol

Aol Fh5Re FAsAL,
g A
B ATE ALUan SUABALAATINE 52 @

FhAY $EATAE QP o3 FHHYCH, o]l
A=Y
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