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Summary

Nine strains of xyl mutants that could not utilize xylose as a carbon source were isolat-
ed from E. coli JM109 by the treatment of NTG in order to investigate the regulation of
xylose operon and to use recipient cells for the cloning of xyIR gene. For the character-
ization of all isolated mutants, colony colors of all mutants on MacConkey-xylose and
MacConkey-xylulose agar plate were observed for the utilization of xylose and xylulose,
and the growth level and the activity of xylose isomerase and xylulokinase were deter-
mined in need. The isolated xylR/T mutants formed the white colony on MacConkey—xy-
lose and MacConkey-xylulose agar plate. They did not detect the activity of xylose
isomerase, and the activity of xylose isomerase was not restored in transformants of xyiR
/T mutant with pEX13 which contained xzy/A gene. xR and xzyT mutants were classi-
fied from xyR/T mutants depending upon the growth level in minimal medium. xyT mu-
tants;, DH13, DH121 and DH125 could grow a little in that medium, but xzyR mu-
tants; DH10, DH53, and DH60 could not grow that medium.

g AA f#dt. olF xylose iR B
B BAE Rsshe 409 EMTE RBE

# =

KEHS MBS FAESE xyloser} xylose
transport(xylR/T) &E'El o3 MBAZ H&
B ¥ xylose isomerase(xyld)e] 93] xyluloses
Rt 5ol xyluokinase(xsiB) o] 2l&] xylulose
-5-phosphate=. #Et B oS T RHGARMEN

f2 iEle] ghS(glycine-tRNA synthetase} #{
{maleszka, 1982) o)) [E#:S 804 fuiEd] o3&
2 st FEH U, xylose FETOAM
Hen FAEIEF (regulatory protein; xylRe] &
el os 2918 e @GS Hedn @
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Fig. 1. The pathway for xylose metabolism in E. colii. The order of genes on the chromosome is at the bot-
tom but the order of 3[R and xyIT'is not exact. The gene zyIR is regulatory, controlling the activity
of genes xyT, xyl4, and xylB through a postulated activator Al, which converts to the state A2,

after interaction with the inducer.

tH(David and Wiesmeyer, 1970). 8] xylose
gole  wiT SEETHA 9% &
(Bachmann, 1990) xylE &{&F 71 FE3H(Lam,
1980; Davis, 1984). .
Salmonella typhimurium 73-S-ol= FmiEl o
FAT Bty WHIE dor By R/ES ¥
e W SastA olFoA e kfE
Bl A+ Rosenfeld(1984)7} #ET F& L
W Wt ol FolA A Gtk 2 IF
ReEoln & FEiS W Buallus subtilise]
xylose QHEL 1 REHE 5 BEIML oper-
ator By 2 xylR SEMET Fo] g WEI} o
20)A =(Gatner, 1988; Kruezer, 1989) w+d
el e Be BEE ABEY xylse &
HEL B sublilistts 29 xylose LH &9
EiietE, operator A7 % iR EET S st
o A ¢A A &k EF xylose KX
#el FES EES= ok EETY ETL
xylose Q¥ E LA HHESA €A AA ¥
S B oy mlRo] €A fEASt I FHE
#Ees UeilieAs 2 284 A 4

2952 KBHES HRoz do ofFARA
HEE v g KBEY xylse Sl B9 HAE
BB 81T iR EETY F2HES AT %
HEME EEE7) A8)A E coli JM1099] N-
methyl-N'-nitro-N-nitrosoguanidine(NTG) & &
msto] piRT ol $RH%Y SHE A=A
122 ‘

G

1 Bk & EianE

A FE ALY ks ZdavlEs £ 1
3 ) Xylose AREHEH BETFS 25 712
E coli IM1092 k2 stod NTGE RIS
ol BERES SEINT. SHavEs ol
EEToe AT QE pEX13F myl HE
EEFE 2% 7}AE pBXL, miB EETTE
7IXe pXR8, wR/T EEFHE 717 pXRI0
& FRH
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Table 1. Strains and plasmids used

Strains &

. Relevent properties Reference
plasmids
Strains
E. coli
JM109 recAl supE44 endAl hsdR17 gyrA96 Yanisch-
relAl the 4 (lac-proAB) Perron et al.
F[traD36 proAB" luclg lacZ4M15] (1985)
DH 10 xR ; NTG mutant from JM109 This study
DH 13 29T ; NTG mutant from JM109 This study
DH 35 xylR , xylA ; NTG mutant from JM109 This study
DH 43 xyB ; NTG mutant from JM109 This study
DH 53 xylR ; NTG mutant from JM109 This study
DH 60 xylR ; NTG mutant from JM109 This study
DH 77 xylA ; NTG mutant from JM109 This study
DHi21 xyIT ; NTG mutant from JM109 This study
DH125 xyiT ; NTG mutant from JM109 This study
Plasmids
pEX13 Amp’, Tet’, zvld Rhee (1986)
pBX1 Amp*, Tet', x¥lA, xyIB, 23R, xyIT Kang (1992)
pXR38 Amp", xyIB Kang (1992)
pXR10 Tet", zylR/T Kang (1992)

2. & KBRS BE

EEY e FEoE#igl Luria-broth
¥EH1(1.0% tryptone, 0.5% yeast extract, 0.5
9% NaCl o]& LB H:Hu=} #3 ; Bertani and
Weigle, 1953) 8 AT xyl BEKE &
Beaty] @ mAKEMEE Davis Mingioli
(DM) E:#(05% KJIPQ,, 0.3% KH.PQ,, 0.1
9% (NH)SQ, 0.01% MgSO0, - 7H;0, 0.05%
Na-citrate - 3H;0, ; David2} Mingloli, 1950)
of 05% xylosed Md DM-Xyl 1Eie}
Davis Mingioli ¥£Hio] 0.5% glucose® mat
DM-Gle #mE fiAstdd. RAhde
BRIk v 30kg /w9 prolined 1px
g /mf®] thiamin-HCIS ifmslel #MsATh
xyl MEKS S ¥ BHER BEIHES

MacConkey agar based] 0.5% xyloseZ RN
#F ZA(MC-Xyl ERPRIEM) =T 05%
xylulose® M Z(MC-Xylu ERTHIE
H)g FRGgeY, fikHeEes S0pg/nl =
= 100pg/n¢e] ampicillin® 25z /nfe] tet-
racycline® %o we} Himsted FEAHA
t}.,
afxz Sz DNAY fmd #1184
= Terrific broth(1.2% iryptone, 2.4% yeast
extract, 0.4% glycerol, 1.25% KH,PO,, 0.25%
K,HPQ, ©)3} TB #tihel ##%F; Tartof and
Hobbs, 1987)8 Hsgon RGN ME
2 A E 0.2% xylosed Hns LB 5EH
2 st

Ko #EL LB kol A 18858 LIk
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ERY RIEENS 1%(v/VSA EES %
30794} 120 strokes/min®] S Al &3t
A OLoRER RSt QY. Bel £BHEE Mil
ton Roy ®4 Spectronic 21€ {FH3 o
600nmo A o] XFE BESS dehg A

3. xyl MR SRt

BN REE Aldelberg(1965)8] Hipe
g WMPAA O2H Zol fragct. MK
L LB b 1%9A BT % 30T
A BRI A 4R B9 A"
ERY Jg HL0EEHJY 100mM citrate
buffer(pH 5.5)2 28 stz [F— Bl
dq BEBAIAD. o EEBEEI NTGE &
RIBEEST 100p2g /md5| A Hmdte 37°CoA
2000 A # BHL5ES 100mM phos-
phate buffer(pH 7.0) 2 2@ &3 2 DM
-Xyl ¥ BEAIA 30°ColA 28R g
E#ESIAY. 97 screeng 93 ampicillin
£ 50pg/nle] MEE KNSt 30CoA 15
BEf REEA)Z] # .0 3te] 100mM phos-
phate buffer(pH 7.0) 2 ##% 3 o} [F—iBE
T BBWAZ AL 0.85% saline Hikez
A Mgt MC-Xyl EXBHRbEH] %
HtHh  xl BRE S#E MC-Xyl %
REWREHAY At 22UYE Weto 3@
#ilde F¢ AL g E2UE #igss
A ZoX DM-Gle o e £Fo] Wi
sty DM-Xyl #HolMe £Fo Fuid
EHTE S oyl BREE FRIAT

4 xyl BEKO BE RABR BERE

zl WREZ SEE FHES BEEES
LB e 1% HkEshe] 15850 sEad 1%
saline J{HOZ HES HEBET & MC-Xyl
ERTHOEH) ®E%Sd K F2Us B
Bie AE HE TRERE B 6B
ERBR HEE 79

5, ZCIADIE DNAS| BT ABEel ¥
L2 EA

Ap# e Zg2v =& Birnboim¥ Dolley
9] alkaline-SDS ##:(1979)2 ol &8 i
stgen Kip#e HEW#Hme Mandels}
Higa(1970)9] 3ol e} gstgdaos A
2 ¥ competent #AHE AtS3Hgich

6. Xylose isomerase2| EHEHIT

BXe EHAEE 8o 02% xylosed
g LB o] M@IREHL 1%5A 4
o] 30°ColA 15mef XS #% KEE Ind
& HEOEE3IY 100mM Tris maleate £
(pH 75)2.2 2m %Mty R— &)
RiHA A w3, KK RLFS 600nme)
A giEd 530tk o] HEAREHY) 40e¢ /nf
o] BEZ toluene2 INE #% 258PR vortex
mixerZ FAEHF AL toluene BEHMZ 3o
xylose isomerase {51£9] @Eel WAt

BEE M HIE S 50mmol2] Tris maleate B
¥ (pH 7.5), 1mmol2] Mn(l;, 10gmole} xylose
% Lmmole] MgClg $H#-3 07009 XAl
£ toluene REHBMIHN 050/ 2 B
&3t 37CoM 304 KA 7% 10048
2 ANl & Dische(1951)9] cysteing-
carbazolef 0.2 £ P  xylloseS HHE
540nmoll Al ERI AT  BEY EHEA
(wnit)= 600nmoj A IR 1.020 FHE8 MR
2 540nmo| M o] IRALE FE Bt JEl
Atk

7. Xylulokinase2] EMHIT

Xylulokinases] EtEE ATPo] o) #mkE
xylulose-5-phosphate® Ba(OH),Z &*3 1
F2  xylulose8 EEF  Shamannad}
Sandersono] AR&% Hik(1979)e] wa} oS
i ge] fr3tdrt.  40umol Tris-HCl(pH 7.5),
10zmol MgCl,, 10zmol ATP, 4zamol cysteine, Su
mol xylulose ¥ 1pmol NaFE #8438 KHEHE
0.5mée] toluene B3 HIWBHW 0.1nfL hrsh
of 37ColA BERRES AT 185l % o
BE# Rl ethanol 3né¥} IM Ba(OH); %
# 020fE Wity KMEE FLAHT o
RE#-S 0CAAH 109 EEF % 8,000 g
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ol X 54 JELSEE § &, ol LEMhoA
B3l xylulose® Dische(1951)¢] cysteine-
carbazole kol ol# REcr BEES WEM
BAr(unit) & toluene EEHEAE WA %15
umol xyluloseTHs W& HHENA toluene &
BHERE M3 RBES 540nmdl| A 9] MR
o] £85 £HE 600nmol Ao g s
HHHY go2 Jehpdd.

R R ER

1 xyl RO 78

E. coli JM109¢] NTGZ @E#ste] MC-Xyl £
KEHET A A 22UE ERshe ol
BEN WE SEEIYId. ol BEKSS
RE E 294 ¢ o] LB s} DM-Gle %
DM-Xyl ¥fio]x #2%3<¢ W LB 3%}
DM-Gle st e 2% EFdoy, DM-
Xyl #ituol e £#Fo] Falgesiach

a3 ogo] xyl WRHKEAILE MRS
A8 ol HEY EHTFE EF SHI=
pBX1o 2 FHEMRAI #H£HF & 35} o] B
¥ B E coli JM1099}F o] MC-Xyl LN
Tl A Ky, 22UE ERdigoed,

Table 2. Growth of v mutants in E. eoli
Growth (A o)
DM-Gle

Strains
E. coli

L broth
JM109 1.089 0.967 0.676

DM-Xyl

DH 10 1.100 0.975 0.034
DH 13 0.645 0.841 0017
DH 35 1.106 -~ 0939 0.040
DH 43 1.086 0.948 0.029
DH 53 0571 0.904 0.017
DH 60 0.682 0.938 0.017
DH 77 1.097 0.835 0.035
DH121 1.099 0.972 0.039
DH125 1.103 0.962 0.030

Table 3. Colony colors on MacConkey—Xylose
- agar and xylose isomerase{(XI)
activity of transformants by pBX1 in

xvl mutants

Strains Phenotype XTI Activity

E ol MacConkey-Xylose (Unit)
JM10§ Red 0.441
DH 10/pBX1 Red 0.428
DH 13/pBX1 Red 0481
DH 35/pBX1 Red 0.551
DH 43/pBX1 Red - (0.644
DH 53/pBX1 Red 0.617
DH 60/pBX1 Red 0.692
DH 77/pBX1 Red 0.613
DH121/pBX1 Red 0.776
DH125/pBX1 Red 0.728

Table 4. The reversion frequency of xy mu-

tants

Stramf; Reversion Frequency
E. coli

DH 10 < 213 x 1074
DH 13 < 1.26 x 107"
DH 35 < 1.68 x 1071
DH 43 < 1.09 x 107"
DH 53 < 477 x 1071
DH 60 < 1.95 x 10°°
DH 77 < 475 x 1071
DH121 <113 x 107"
DH125 < 2.06 x 107

xylose isomerase JEMEE Bike 97%~176%
Ko Ew EEHIAT. o2 HO} o]Fo]
AT Sfvelx #EZ} dolddd HAF
F Ak

2. xyl BEEO| 5 RUBE BE
Kibare] xl BRKEE H 49 Zo] # 10"
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Table 5. Colony colors on MacConkey agar and xylose isomerase(XI) activity of xy¥A mutant and its

transformant, with pEX13
Strains Phenotype XI Activity
E col MacConkey-Xylose MacConkey-Xylulose (Unit)
JM109 Red Red 0438
DH 77 White Red 0.000
DH 77/pEX13 Red Red 0.561

fie] s EEsc ERBRE = &1
a4 stk A EME KiEtke] 2 o
T BEKREL ol BT 29 98 %
FAME FHe7A BEY Aes Adn.

3 xylA BEHRO| R A

oA WMEHKE HEIIS] A&HA & BEHE
2 MC-Xyls} MC-Xyl EXKFEMN £
AA B R R SoMe o] mpid BEK
DH77+= MC-Xyl BERFEREHMANS ARy
Z2UE Erdort MC-Xylu EXRTARIEHI
AMe Ffhy FEYUE ERIAT 283 xy-
lose isomerase WS AEd HEe Bikel B
#|e A 9ot DHT70] mid SRS B
w7 A3 nld EETE F4H3= pEX13
o2 BREHBANALY X SdAg o] MC-
Xyl ERTHIEMANNE Hifs Z2UE Fmst
4o ™ xylose isomerase iR 4o} W

4. xyiB BEH2| &R ! B

wlB BEKE B AH & BEHES
MC-Xyl# MC-Xylu EXTHEEHAM 4FA
A Btk 2 A3 E 6or9} o] #|EK
DH43+= MC-Xyid MC-Xylu EXFRIER =
SolA ale F2UE Exeddd. a2u
xylose isomerase S WEDT HF JELS

%Y E coi JMI0STH W% EMES e
. I81 oid EEFE 8% pEX13e
2 FEEHEA &Y MC-Xylst MC-Xylu #X
TARFEH R5oA QA pfs ERUE BRE
Hom, xylose somerase IEME-S FEMEEBES
Hoy BEEHREE) ¢ ¥4 Jelytcl. DH43
9} xylulokinase ¥EtE-E Btk 4% Hx9 iE
e BE o piB EETFE TFsle pXR8L
Z BEEBRAZASY MC-xyl XL
A o] BHEL #fs FZUE BRIded
xyluokinase S #AkE HAioluA &gk

Table 6. Colony colors on MacConkey agar and xylose isomerase(XI) and xylulokinase(XK) activity of
xIB mutant and its transformants with pEX13 and pXR&8

Strains Phenotype Enzyme Unit

E. coli MC-Xyl® MC-Xylu® XT Activity XK Activity
JM109 Red 0.438 0.449
DH 43 White White 0.435 0.061
DH 43/pEX13 White White 0.626 0.067
DH 43/pXR8 Red 0.421 0.282

a MacConkey-xylose agar
b MacConkey-xylulose agar
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Table 7.  Colony colors on MacConkey agar and xylose isomerase(XI) activity of xylR/T mutants and their

transformants with pEX13

Strains Phenotype® XI Activity

E. coli MacConkey—Xylose MacConkey—Xylulose (Unit)
JM109 Red Red 0.438
DH 10 White White 0.000
DH 10/pEX13 White White 0.053
DH 13 White White 0.000
DH 13/pEX13 White White 0.097
DH 35 White White 0.000
DH 35/pEX13 White White ° 0.035
DH 53 White White 0.000
DH 53/pEX13 White White 0,024
CH 60 White White 0.000
DH 60/pEX13 White White 0.044
DHiz1 White Whrte 0.000
DH121/pEX13 White White 0.031
DHI125 White White 0.000
DH125/pEX13 White White 0.000

* represents colony colors on MacConkey—xylose and xylulose agar plate.

. ol# ¥ #FRe polyciston HEEE ojFIL
A KEEY ni Q¥ Ed4A ol EEFe
oA EETY Z2EE o 43S @7 9
9 AoE Aztdd.

6. xyR/T 822 Bpf & B4

R/ T BRRE E5H7] A8A & BRIXE
& MC-Xyl# MC-Xylu EXFHIENAA £F
ANA Bk O R E 7d4 meule) 7o)
o] 54 MC-Xylel MC-Xylu EXFHEH 2 F
aqx Bfe F2ZUE ERIgoen, xylse
isomerase EME GHUX, wid EEFE FH3E
T pEX130 2 HE#EB#EAAE W= MC-Xyls
MC-Xylu EXTHILH 254 Afe 2
UE FEksYE xylose isomerase WHiEE o}
otttk

olR/T BEMANE FEEsH7 A8 oR/T
EETE ghsle AoE #ESE pXRI102

g EEEEANES U ¥ 8dA B uie 2
o] DH 35/pXR10& fhlhel 57l MC-Xyl #
EEHSE S i F2UE ERSIER xy-
lose isomerase {ETEE kSl E coli JM109 skiE
oz Aol Y.

6. xyR1} xylT MRS it

KIEE @EAEY xylose 2 PfakE HiE
804 (W B xiT &{HT-(Ahlem, 1982)2} 914
{9l xylF $E{%F (xylose-proton symport;Lam,
1980)¢] F 7[A MRV} HFEIT ZHER
Bt xyl QEE0E FkEY v ol EE
F ®E7} BALAEE ol BETA g8 of
= Fxol xylser} @A #EHoA FAoE
Aok, oiRT olT 8#EHKE TEE7] A8
olR/T BEHEE /M5 DM-Xyl el
A 15853 48KFMS HEgs] Rtk o[F 15
M BREH S uve AFHSIA gou 48K
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Table 8. Colony colors on MacConkey—Xylose
agar and xylose isomerase(XI) activity
of transformants of zyR/T mutants by

pXR10

Strains Phenolype X7 Activity

E. col macConkey-Xylose (Unit)
JM109 Red 0.439
DH 10/pXR10 Red 0.444
DH 13/pXR10 Red 0.373
DH 35/pXR10 White 0.013
DH 53/pXR10 Red 0571
DH 60/pXR10 Red 0.711
DH121/pXR10 Red 0576
DH125/pXR10 Red 0.405

Table . Growths of xyR/T mutants in minimal
medium containing xylose as a carbon

source

Strains Growth in DM~Xy1{ Asp )

E coli 15 hrs culture 48 hrs culture
JM109 0.824 0.824
DH 10 0,051 0.053
DH 13 0.051 0.193
DH 35 0.056 0.052
DH 53 0.021 0.034
DH 60 0023 0043
DH121 0.080 0815
DH125 0052 0.182

Kigrse £%She R4k DHI13, DH121 2
DHI258 T safgTo #E7} e Aoz #
Eotx o ol A ¥ #EH DHIO,
DH35, DH53 2 DH60S xR EMTo] 827}
U o= #EY & YUUTHE 9). = DM-
Xyl #Ziho] o] #E#< DHI0, DH13, DH35,
DH53, DH60, DH121 = DH125& 48A]7F wj%k
¥ xylose isomerase®] #EiEE MET FHE oiT

#REZ2 #FERQ DHIS, DHI21 ¥ DHI25

ol xylose isomerase ¥Efko] HHIE UTHH ol

g} wiAA). 2y olnth o KRS iR
ollE Y37 dH e “C-xyloseZ fFHISH
o xylose 2L QIEN O & Aoz Algd

7. xR/ THOIZ=0 A xylose isomerase2}
xylulckinase2| Hu

iR EMTE oA 2 B il 5SS A
fiste A HMTolmZ2 iR KT BR
7t dojud pid R xyiB oiT FAA ] £7
7b dojua] grizls o|E EETFY BHo|
dojufA] Yerh ool iR FEMETS £
A2 A3 SHEM TR R (pleiotrophic muta-
tion) & FHA == AL ok E&ETF7) B
#WHEFE EES 7] W Eeo)d(Shamanna and
Sandersor, 1979).

iR #E#S DHIO, D53, DH6O 2 1T £
£ DH77, ol B8R 43 SR
7} FHERE DH35¢] xiR/T EMFHE 714
pXRI0L.2 BREHAA xylseZ FEAL
oo} FHEA G%S W xylose isomerases}
xylulokinased] JEtE& RIES BE F 103 2
9t} iR E#R DHI10, DH53, DH60H
oiT $8#< DHI13, DH121, DH125¢] pXR10
o2 FHHEBHAIA xylseZ FHEAF|E xyiA2)
»iB EETY $He HEIAUG ey
oA #RKQ DH77/pXR10 BEHB#HEE xy-
lose FHEAAT xylose isomerase?} FEE A
Bt T DH35 #2#:= pXRI00E BEM
#A 7S xylose isomeraser FHEE A ggto
U} xyllokinase= FH#E= Ao BHol miR,
A BEKRIY Ao HRDT

iR $EH DH10 2 DH53, DH609l #4-$
= xyloseRZ FHEHANAE xylose isomerases)
xyluokinase® AY4HetA] R o olR/T &M

& 714 pXRI10L.E HEHEKRAZAL e F
BE LTVl HWHST  old pXRilde
oA BETY B EETFE AF AT YA
gomz DHI0 2 DH53, DH60o) 712 Q&
A R B &7 pXR109) oiR EET <
MEE wol PHE oz AzZtdn. T #
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Table 10. Induction of xylose isomerase(XI} and xylulokinase(XK) in xyR/T mutanis and iheir

transformants with pXR10
) Inferred Induced® Uninduced®
Strains

E. col defected XI Act. XI Act. XI Act. XI Act.
gene (Unit) {Unit) (Unit) (Unit)

JM109 0517 0.353 0.060 0.051
DH 77 " 0.000 0411 0.034 0.077
DH 77/pXR10 0.023 0.398 0.004 0.341
DH 35 0.030 0.059 0.000 0.094
DH 35/pxR10 % A 0027 0416 0.014 0.340
DH 10 R 0.030 0.099 0.033 0.077
DH 10/pXR10 > 0517 0.387 0.000 0.038
DH 53 " 1 0.029 0.081 0.012 0.087
DH 53/pXR10 K 0506 0.387 0.041 0.067
DH 60 ol 0.000 0096 0.040 0.037
DH 60/pXR10 0567 0418 0.050 0.109
DH 13 - 0.106 0235 0.000 0027
DH 13/pXR10 0572 0518 0.036 0.008
DH121 - 0.000 0.053 0.004 0.067
DHI21/pXR10 2 0.519 0.352 0014 0.061
DH125 7 0.044 0107 0.027 0.190
DHI25/pXRI0 > 0.547 0.374 0.032 0.192

The bacteria were culiured for 15 hrs. in LB medium with 0.4% xylose(a) or without xylose(b).

kel DH13 2 DHI21, DHi125= pXR102.2
HEESHRAZEY oA 4 »iB EEFo #3
o] FHEELAT B 9ol 9} o] DM-Xyl 32
Hioll A 48A13F HEHE O xylsed REAFRL
2 0]43% 4 deong o #AK: wR
BETE o] ¢l Az 4dEg. 1
2} iR HET S T EEFS RBHE 37
Al o B& Kheol Fits]ojo & o
2 Aztg

w =

Xylose ¥ &9 FAEMEE Wsla ol &Y
FE& 7M1 BHLSEMTES FMRE R

3171 A8 KipEol NTGE EHSY xylosed
FRY = g o BREE =¥ IHE ER
et MC-Xyl #RTHEHAN a6 22
UZ SEEE ol #EKSE 5 LB DM-
Gle o] = 8|2 E coli IM1099} []—3}
A Agkot, DM-Xyl Hol M= £F#A X
Ak a8y ol BT 28BS 713 pBXla
2 WBEBTBAY BEE 25 MC-Xyl EXFH
el e #E FEYE JEhI xylose
isomerase #EES Bkl BMOEHA 4o} sk
o] 9] ¥ ERERMFE 1075~10T" NITE
EEmo s FEHND

S ol BRES 259 FEHEHk o
o] MC-Xylot MC-Xylu #EEHIEAAN &
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