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Production of Glucose Isomerase from xy/B Mutant Streptomyces chibaensis J-59. Gil-Jae Joo
and In-Koo Rhee*. Deparfment of Agricultural Chemistry, College of Agriculture, Kyungpook
National University, Taegu 702-701, Korea — Streptomyces chibaensis J-59 did not grow in the cul-
ture medium containing only xylose or xylan as a carbon source, because it was defective in xy-
lulokinase production; xy/B mutant. S. chibaensis J-59 was able to produce xylanase and B-xylosidase
as well as glucose isomerase. The glucose isomerase in S. chibaensis J-59 was induced in the medium
containing xylan or xylose which could be utilized as an inducer but net as carbon and energy
sources. So we tried to produce glucose isomerase without consumption of xylose or xylan as an in-
ducer by using xy/B mutant S. chibaensis J-59. The optimum condition for the production of the glu-
cose isomerase was attained in a culture medium composed of 1% xylan, 0.15% glucose, 1.5%
corn steep liquor, 0.1% MgSO,-7H,0, and 0.012% CoCl,-6H,O(pH 7.0). The production of the en-
zyme reached to a maximum level when the bacteria were cultured for 42 h at 30°C. The enzyme pro-

duction in a jar fermentor was increased twice as much as that in a flask culture.
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xylose S BFA 02 o] &3}A] ity A T e o)A
g4 Akl FEEAER AR BAE 1A
32 907] ditell w7he] xylose® AwdhA| by T
o]t EAE AAE o qlrh(5). A B dFel =
2B Wl S chibaensis J-595 AH8-3}e] xylose?]
Augle] xxg oldstase] WAEAE FESISVI
ol ®wstwat g,

M= 3 2

AL ZF U HEX]

HAgeko g e Beljt S chibaensis J-59(5)& &
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rpmo 2 Q] dA)sle] wieksled o, wljokF pHE| W
g, w4 AR 2 2e} o)X A &4 5E 2AbEH
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560 nmellA] &2 s, A A dinitrosalicylic acid
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nsis J-597) 2.87 ©EHE veRg o, X2 g & ARS8t
S. rubiginosus KCTC 9042+ 1.64 %], S. chibaensis
KCCM 11214 1.67 &2 &4 gAdo] 3ke] Afol=




ol o} vl A3 HF 25 xylose isomerases AAHS}
odct. 22y xylulokinase #8442 S, rubiginosus KCTC
9042+ 10.24 <9, S. chibaensis KCCM 11214+ 8.63
kel 2 ABAFEEe] ot S chibaensts J-59 AAESHA] 243t
o}, & S chibaensis J-59+ xylang 8 5 Qe
xvlanase %2 M EW B-xylosidased At = lddh
(Table 1).
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Fig. 1. Utilization of pentoses by S. chibaensis J-59.
The bacteria were grown in basal mineral salts agar medium con-
taining 1% sugars at 30°C for 42 h.
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Table 2. Effect of carbon sources on the production of glu-
cose isomerase by S. chibaensis J-59

Carbon Growth  Glucose isomerase Relative
sourcre (%) (GIU/ml) activity (%)
None Moderate 0.42 17
Xvlose (0.2)  Moderate 202 82

(0.4)  Moderate 2.46 100
(0.6)  Moderate 243 98
(1.0)  Moderate 241 98
Glucose (1.0) Good 0.06 2
Fructose (1.0)  Good 0.04 2
Mannose (1.0}  Good 0.11 4
Ribose (1.0) Good 0.42 17
Arabinose (1.0) Good (.02 1
Sorbitol (1.0) Good (.43 18

The basic medium contains 1% CSL, 0.1% MgSO,-7H.,0, pH
7.0. The glucose isomerase activity was determined after growth
for 40 h at 30°C.

Table 1. Detection of enzyme activities for xylose metabolism in Streptomyces chibaensis J-59

Xylose isomerase (unit/m/)  Xylulokinase (unit/m/)

Xylanase (unit/m/)  Xylosidase (unit/m/)

8. chibaensis J-59 2.87 ND 0.67 1.31
S. chibaensis KCCM 11214 1.67 8.63 0.23 -
S. rubiginosus KCTC 9042 1.64 10.24 (.12 -

*ND, not detected ; —, not tested
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Fig. 2. Production of glucose isomerase and xylose com-
sumption by S. chibaensis J-59 in glucose-asparagine medi-
um containing 0.2% xylose instead of 1.5% glucose.
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Fig. 3. Production of glucose isomerase and comsumption of
sugars in glucose-asparagine medium containing 0.2% xy-
lose and 8.2% glucose.

® ., glucose 1somerase; O, xylose concentration; M, glucose con-
centration.
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133 A3 Fig. 3% 2] xyloses= ek £-57t
ARE A okok=] b, olucosex= Wl F 424] 7k A
593 32, glucose”} Hbel Al S5 X vljof 124]7F o]
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Table 3. Effect of xylan containing materials on glucose
isomerase production

Xylan (%) Glucose isom- Relative
erase (GIU/ml) activity (%)
None 0.42 17
Oatspelt xylan (1.0} 2.01 81
Birchwood xylan (0.5) 1.74 70
(1.0) 2.42 98
(1.5) 2.41 98
(2.0) 2.43 99
Poplarwood xylan {1.0) 1.96 80
Mongolian oak xylan (1.0) 1.97 80
Xylose (0.4) 2.46 106

The culture conditions were the same as Table 2.
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FAMA| O|X|= xylan2]| ek
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plarwood)®} A1 ZF-(Quercus mongolica, mongolian
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23 3 KOH ¥H(17)2.& xylan® FE3}9c}. ==
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=2 1% 713 iAol A 2] 2=
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holocellulose & 71 -5, w44 AL FA s 7}
sl ot Exnt o)A3E o] AR xyloseE 713}
& wle] oF 60% A2 Ffri(dle|et vEE). = A}
2R} xylanel] Bl&l oatspelt, AV 2 AlZVT-
xylanoll4] EA4AAA o] F2 olf= APRMATF xylano]
90% oA xylose 7|2 TA = o{+E HPAE, oatspelt
xylan<- glucose A7|7} 15%, arabinose 2717} 10% A
x ZFikEe] gloew, m=gh HapAhvtk Al xylan
80%2 xylose A7 & TF 2= glucose, arabinose &
galactoses-2] A71E vhed F-3k7 9l e =2 (18) 8
AFE-Fof] ZA8H= glucose’t FAAANS A AIFA,
we 7heR g0l U] -l ez AzbEr)
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o) fEEL

glucoseL| Hel
ofal o8 A



3.0
E €
. S,
o =
3 @
N it
o
[ab] | -
[/ o
b e
@ E
(o]
[ 74] e
r— -+
=
2 S
§ G
s '| —
o 0.5 ¢ @
o 0 3
ﬂa i b ] i L i | ] - g

0 0.1 0.2 0.3 0.4 0.5
Glucose Concentration (%)

Fig. 4. Effect of glucose concentration on the glucose isom-
erase production.
The bactenia were grown in CSL medium containing 1% birch-
wood xylan and glucose at 30°C for 42h. O, cell growth; @,
glucose i1somerase.

L Rl et S P S I DY S I I N P B =R
2 2% E 9 glvk CSL s Aol glucosed FEHEE H
7teto] 840 AAlES ARSI T 2 A3 Fig. 4904
e} Zro] glucose® 0.15% AH7}A] 2] AdAbo] E9to ]
Frv o|AZEAL MR 255 @R Frlslddh
Glucose =7} £71&45 F2 AAFS Z9lor) F4
A4S A2} Zh4shedoh o2 dARE glucosedl] 2&F
o| 35 oA (catabolite repression)®] A 3}7} vielyd 7
o5 FetE

=] Foll xyloseqt EAN¥ H9-(Fig. 2) ZAAAke]
pfeFz7] Fe] AlRrE| = vbe)] xylose?} glucose?} &
=% 7+(Fig. 3) A556 Aav A=A wof
Z glucose T57} 0.1% ©)3tE 81738 124)17) o] 3 B
Bl B AA4be] AlAbE] = HANE glucoseol 2% o3} %
HA| a7 AyzHEc), fellA odggt viel o] holo-
cellulose A}-8-A] B AA4be] HFF 718 B o] At
3h= cellulase(5)°ll 2]8 holocellulose7} E&#]= o] glu-
cose?]| FE7} F7V5E7] wlEolc). o]ekzte] glucose %
E%?}i ﬁ-jﬂ_@_} A—?:Zl-w‘fl. Ql/&*lz‘?;].oﬂx]ul— LQ,] AHA]-CJ
glucoseol| 213l o}#E A5 7] wjEol I 0B
F5E

fAH o

Z|El HH2FZ

Aifle] T} o] T 4] MAbel] vlA= FFFL
ZAF37] #skd 1% birchwood xylan, 0.15% glucose,
0.1% MgSO,-7H,O(pH 7.00 & FAE 7]Ex)x] ol 1% &
7] A4 (corn steep liquor, veast extract, beef ex-
tract, malt extract, peptone, autolyzed vyeast, casam-
ino acid, nutrient broth % tryptone) ¥+ 0.5% ¥7] &

XviB HH0|5F0fl 2fst Xt oj&sIE Aol MA 79

Table 4. Optimum composition of culture medium and cul-
tural conditions for the glucese isomerase production in the
baffled flask by §. cktbaens:s J 59

Blrc:hwooci xylan 1% pH 7.0
Glucose 0.13%  Cultural temp. 30°C
Comn steep liquor  1.5% Cultural time 42h
MgSQ,-7H,0 0.1% Enzyme activity 2.78 (GIU/m/)

CoCl,- 6H,O 0.012%

A ((NH.),S0,, NH,Cl, KNO,, NaNO,, (NH, HPO, ¥
urea)'—* H7tsley BAAAMLS 2a)stedc) 2 A &
o] AL yeast extract & malt extractol|Ad 9k, &
A4S corn steep liquor(CSL)o|A &9k}, CSL-&
F5HEE AR A3 15% CSLAA TEw} o| A3l s
2] &Aof 2.66 A E 7HF =94k, ey o) A4
G ﬂ-_g] A—]zL m aA ,AgA],,HQﬂ 1:1:? 0:1%*]:% };.7.] %El.ﬁt_}.

w4ro| &(MgSO,- 7H,0, MnSO, H,0O, CoCl,-6H,0,
FeSO,-7H.0, ZnSO,-7H,0, CaCl,- 2H.0, BaCl,-2H,0 %
CuSO,-5H,0)-& ZH2t 0.1%7} = A Hrbske] g4 A4
A& ZARE A3} MgS0,-7H,08 #7138 49 &4 8
AL 2.66 S E 7P =stgdh ©]$7] 0.1% MgSO,-
7TH,0°l 0.012% CoCl,-6H,0Z H 718t A9 §F 434 0]
2.74 912 Frl=E]9d

H ikl vlx|= wix] 9] x27] pHY 482 FALEH
A FaA4be] pH 7.0d v 713F S8k ch, 20°Coll A
HE 40°C7HA] 2°C 7FH o3 2xw g gALA L 2l
g A3}, 30°CHul 71 E9k o 50°C o] Ake] £ ofA]
= 79 AR B ohel AANAMYE o} F o), e
AA7AE 36417k o] 3ol AR o] mdsisd A BALS
42217} vie¥A] 71 =hch(Table 4). 500 ml e}~ =
oAl ZARRE #Au)2](Table 4) 100 mIS 232 »)e}s}
of Tt o] FE £ YA S FAI3F Ax) 2.78 whe
2 uEt o) ik 1% xylan A 0.4% xyloseE &7}
& 745 2.80 ©9 = Jeh A 9] uissiedrl,

= TT7F xylosed B4 2 o]z e s o]83)
T I vkl Fof] Folglem g wfokojole] T2
o] &= $3te] AAE-E AmEbgdet HA A7) HAE
Ao & vlokste] FAE A F ouljoko] e T
A kel o] Bl A vy A vl ofo]

Holl xyland Afg AL = 0.15% glucose, 1.5%
CSL, 0.1% MgSO, - 7H,0, 0.012% CoCl,-6H,0O (pH 7.0)
< FH7P8haL Adatste] & ASI 3 AR} s}
Al wieFstsdch, A A vjokS T A vloke] el 0.15%
glucose®t A7)8le] Adv| 27 FA3hA] wleksiedc).
o A AAARARE AWA okl A 2.78 <H(GIU/
ml), FHA wioFell X 2.76 =g, AlHA wjekoA 2.73
helo)l §4E o2 o= )} o] 2} 7to] xyiB WHolF=q]
S. chibaensis J-59+ xylang 3HRE H71&] 5 nljofo] o
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Fig. 5. Changes of enzyme activity, pH, cell growth and xy-
lose consumption during the cultivation of S. chibaensis J-59
in the jar fermentor.

O, cell growth; @, glucose 1somerase; B, pH.
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