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ABSTRACT

The use of Jerusalem artichoke containing -1, 2-fructose cligomer for the production of D-sorbitol
and L-sorbose has been studied. The employment of inulinase(0.398%, v/v) for the hydrolysis of 40%
(v/w) Jerusalem artichoke juice resulted in 36.7g/1 of glucose and 85.3g/1 of fructose at 50°C. These
sugars were utilized as substrates for D-sorbitol and L-sorbose production. Coimmobilization of
inulinase and permeabilized cells of Zymomonas mobilis in the mixture of chitin(5%, w/v) and »
carrageenan(4%, w/v) resulted in the prduction of 30.2g/1 of D-sorbitol by using inulin as a sub-
strate. The process of L-sorbose production from D-sorbitol by Gluconobacter suboxydans was optimized
with respect to the substrate concentration, level of dissolved oxygen and gluconic acid concentration.
Gluconic acid produced by Zymomonas mobilis from glucose was found to inhibit Gluconobacter
suboxydans in conversion of D-sorbitol to L—sorbose. In view of removing such inhibitory effect by glu-
conic acid, mutants were selected by the NTG(N-methyl-N'-N’ nitro-N-nitrosoguanidine) treated
method. Mutants selected by NTG mutagenesis showed no inhibitory effects of gluconic acid against L—-
sorbose production when its concentration increased up to 100g/1. A mutant produced 40.1g/¢ of L~
sorbose in the medium containing 100g/¢ D-sorbitol and 100g/¢ gluconic acid. This result is consider-
able when compared with L-sorbose concentration{21.7g/1) obtained from the fermentation with wild
type strain of Gluconobacter suboxydans.
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#H Gluconobacter suboxydans®] A %2} 2w
membrane bound¥e] 2 Zsh= sorbitol dehy-
drogenase & 4= D-sorbitol & L-sorbose® % &g}
t}(8). 12y} sorbitol dehydrogenaset= 20% o]
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2 A o)l&d FF= Zymomonas mobilis
ZM4(KCTC 31821)¢}, Gluconobacter suboxydans
(KTCC 2111)o]9, vz 24 100g/1 glucose, lg/
1(NH),50,, 1g/1 MgSO, - 7TH,0, 1g/1 KH,PQ,
1231 10g/1 yeast extractE Z. mobilise] wlj oo
]934l 3, G. suboxydans A EZ wjokalz) <)sh4]
50g/1 D-sorbitol, 10g/1 peptone 12]3 5g/19)
yeast extract& AM-slglom wjekew 307, pH
5.09] =7 A rotary shaker& 250rpme] 4wz
ankste] zedul ofsiic).

M2 £ F3
wjefEl Z. mobilisH| X5 QA2 5] Aozl A)
X & 0.2% CTAB(Cetyltrimethylammoniumbro-

11

mide) & Ae]q § 4T oA 1057 W3 & o}
dAEeste] AL A A M EE 0.3% glutar
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o] 1534 1A]774%] W 8A) A zAlgt 5, A 2a
A E5 150g/19) gluconic acid7} E3hso] gl
A Aol exbet F AR A 25 Sodmo] 74
24 L-sorbose Aol Apg-sledr).

NTGX{Z|0ll 2|5t S0IH0| Mt

Goodman's-(10)2] #hyel a4 G. suboxydans
o] Eoido] #Al 5 Atsledc)h. NTGY :xe 25
200 ug/mle g wishal7edA Adsigdon, g4
FA71 A9 G. suboxydansel] 25 ug/mle] NTG
= Avlste] 3087 wiekd H QAlxelsln.
Pellet-Z A A uj =] 33] 43¢ 5 gluconic acid



12

-~

7b Feeslol gl Al =Rk F AR
x5 Ao

Al

=AM ar

Glucose, Fructose, D-sorbitol, L-sorbose®
HPLC(model, Waters R401)2 Bx{slgon, of
o A3 columne Bio-Rad Carbohydrate HPX
-87CQ o 85T 5% fAsd FHct Sol-
vent® $4-& 0.6ml/minolgich. FAlFEE AE
TA o2 St

Azt 9 22
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A = inulinase® o] 4314 AA TS 7}
sng s}, 4 Fxd oE A e EEEE
22 357] 935l 40% (v/w, water/Jerusalem arti-
choke tubers), 50% (v/w), 70%(v/w)Z 100%
(v/w)e] SAZAES e F 7229 9 pHe
2002 745 7eislE sisich 1 23 40%
o] 7% glucose®} fructose®] F~&o] 747+ 17.3,
37724 HjAE thebict.

eXd| g PR A s s 543
7] 913k 40% (v/w)9l HAZAES 507, 70T,
85CalA 27t 7Rl stedek 2 AR Fig 1
vepi o] 85°Col|A hria 7t 7 wEA dof
St

A} inulinaseel] &3 7Rl =5 vlwslr] 9
slod 40% (v/w) 2] HAZAF-E A3t inulina-
seoll 217+ 7}5al AL g A7 0.2ml(0.398%,
v/v)®) inulinase® H7}ste] 50°ColA 24417k uk
LA ALY 7B =7t 7 E9kch(Table 1). 4

Table 1. Hydrolysis of Jerusalem artichoke juice(40%, v/
w) by inulinase. Reaction was carried out for
24h at 50°C. 50ml of juice was used for enzyme
hydrolysis.

Concentration of liberated sugars(@/1)

Inulinase Glucose Fructose Total

loaded(ml) carbohydrate
0.20 36.7 85.3 122.0
0.48 33.8 78.3 112.1
0.75 30.9 85.8 116.7
1.00 31.0 79.0 110.0
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Fig. 1. Liberation of sugars by acid hydrolysis from 50ml
of 40% (v/w, water/Jerusalem artichoke tubers)
Jerusalem artichoke juice at various temperatures.
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9] glucose®} fructose?] FAul&-2 o 3:7¢]ch

D-Sorbitol AAtEZ42| 2|X 3}

Aspergillus ficuum © 2%¥] #%3 inulinase®]
A uke 2x = 60-65°Co]2(11), fructoseE D
—gsorbitol 2 A & 3}= glucose—fructose oxidore-
ductase?) #HALwe} pHE 7Z7+ 38T, 6.28A4
(12) M2 Aolslme F EA9 FA1AEE 23
A A2g A"z 27} 40% (v/w)e
2 7AK% 50mloll 0.2ml¢] inulinase®} 3g®] 44
o] A Z. mobilisA| £S5 7M7), 225 32T
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oz Az} ke 2% 38CelA FHd 15.2g/1
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Table 2. D-sorbitol formation from 50ml of Jerusalem
artichoke juice(40%, v/w) containing addi-

tional glucose.
Glucose added Sorbirol conc. Conversion
/1 g/ %)
35 28.0 39.0
45 33.0 40.4
55 35.6 41.3
65 36.1 39.4

% Reactions were carried out with 0.2ml each of inulinase and
Z. mobilis cells at 38°C and pH 6.2. Samples were taken after
15h reaction.

fructose®] <ofe] Fddtw kel D-sorbitold
Qe 4 oleh(1). Telt} AR A Al Al
glucose®} fructose®] MAIFL7} AolslER F7}
Aoz glucosed H7lslelon olw H7lg glu-
cose?] E%E 35g/16l4 65g/1712] H3IAAHA
A1l g Ax} glucose®] %7} 55g/199 41.3% 9|
A3he-S AL 7 Asdch(Table 2).
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Fig. 2. D-sorbitol formation by coimmobilized inulinase
and permeabilized Z. mobilis at 38°C and pH 62.
Inulinase and glucose loaded were 3.0ml and 55g/
1, respectively, in 80ml of Jerusalem artichoke
juice[40%(v/w)].
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Zymomonas mobilis M| Z2} inulinasel| SA| 1A 3|

2] 74250 7Rris) e o)u) A= fructoseZ
Y] Z. mobilisel] ©J§ D-sorbitol®] BA-& 194
oA dejuAs7] a4 inulinases} F3Ado] 3
gl Zymomonas mobilisE FA| 14 3} slgict. HE
7124 382wkl E AMg-slelon pHet
S 77} 6.2, 38CE A3t} wh-7W 2] A
750 ok 80miolgiom uke-Axnt 30.2g/19
D-sorbitol$ A3 3ldch(Fig. 2). o]de] A&
total fructose & 7|55 A Absle] 32.9%0]%it}.
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brane bound e} & 2z s A £2te] Axpd A
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e FHHoR Abkto] 93 AEAMLoR E
gler® $F AALFTIl L-sorbose A4 &gl
)X s zARskgdch 1.5g/1 Weje #AE
Ag-sto] whg-zo| GFAkre E3EE 10-40%7)
A W3A)7IAA g A Fig. 3o Jely ol
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Fig. 3. Conversion of D—sorbitol to L-sorbose at different
levels of dissolved oxygen concentration. Reac-
tions were made with 1.5g cell/1 and D-sorbitl/1.
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L-sorbose A4A40i| O|X|= D-sorbitol & gluconic
acide| Hgf

Z. mobilis} ol &) 3} Glucose-fructose oxi-
doreductasee]] ¢]aj4 glucose= gluconic acid &
fructose = D-sorbitol 2 A 3%)w] D-sorbitol =}
gluconic acide= 79| 58 A}, o]9}zto] A
" AAEZF D-sorbitol & Gluconobacter suboxy
dans A|Eol| a4 L-sorbose® A3td 4 gl
D-sorbitol9] % H3lo| ojepy Az A= 2 L
—sorbose Aol A& Uo7)=A] alolry] 9|5}
D-sorbitol®] %5 5%el4] 30% Alolol|A] H3}
A7) A wEA)A L-sorbose Aol )2 D-sor-
bitol Fx2] d3-& FAbslglch(Table 3). 7t &
o elelA 10% 7= 100% 7178 A kg Tt
& glont 20% 9} 30%] 79 Makgo] of 40
%A= Erhsisict. whelbx 20%0] 4] D-sorbi-
tol FXol|A+= 7]l & a7} doju} L-sor-
bose§do] AL & 4 sl9ch

Gluconic acid?} D-sorbose AJel] u]x]= o33k
& 2A] 48t gluconic acidd ¥%E 0-
140g/17vA] W 8 A| 7| M A Gluconobacter suboxy
dans®] L-sorbose &5 #sjgict. ¥h37Wle] pH
= 5.00%2 zA3gEq gluconic acid 40g/17}A|
= A9 AAbe] 2 w9lom 60g/12] L-sorbose
7 RA =tk 12y gluconic acid®) %7} 40g/1

Table 3 Kinetic parameters for L-sorbose formation
with different level of D-sorbitol concentrations.

Drsorbitol concentrarion(g/1)

Parameters
50 * 100 200 300

Residual
Drsorbitol conc{g/1)  0.00  7.10  106.10  140.20
Lsorbose concfg/1)  43.50 7485 8235  72.24

D.C. W{g/1) 247 224 2.48 2.10
0. D. at 660nm 1.32 1.04 1.08 1.11
Conversion eff(%)  100.00  93.82  43.70  33.99
uth ™) 0.043  0.019  0.019  0.015
Y 0.049  0.023  0.023  0.020
Yos 0.849  0.732 0795  0.640
& 0.169 0315 0315 0555
G4 0.147 0335  0.227  0.287

* Reaction was made at 30°C and pH 5.0 for 9oh.

Orherwise, samples were taken after 120h of reaction.

Korean J. Biotechnol. Bioeng.

ol ol A= M Ee] A% 2 L-sorboseAlo] =3}
Hdth(Fig. 4, Table 4). ¥7}8F Gluconic acid9]
X7} Skl ulebr, L-sorbosed] ok#} dry
cell weight7} 72t 78g/144 28g/18 2.5g/14]
A 0.9g/1% 7Ztasllon, v|SAl4y (4)gke 0.
020914 0.012742] 283 Y, .9} g2 7tz 0.
700914 0.389, 100% ¢4 39.88% & 7+43)<]c}.

Gluconic acidoll th&t free cells#} resting cells}
o] & 75 v]|walr] ¢ sted 0-5% 714 glucon-

Sorbase conc g/l )
80

~e- 0lg/?)
-m- 40(p/l)
A 80(g/l)
-8 100(g/)
A t40(g/)

60

40

20

I 1 1 1 1 It
0 20 40 60 80 100 120 140

Time(hrs)

Fig.4. L-sorbose formation with various gluconic acid
concentrations(g/1) at 30°C and pH 50.

Table 4. L-sorbose formation at various gluconic acid
concentrations.

Kinetic pa- Gluconic acid loaded(g/1)

rameters
0 40 80 100 140

uh') 0020 0015 0.018 0.012 0.015
Y 0.022  0.015 0.016 0.016 0.015
Ys 0.700  0.560 0.489 0.396  0.389

Conversion  100.0 82.08 56.62 42.87 39.88
efficiency

* Reacrion was made at 30°C and pH 5.0 for 130h and used
the flask culture method. 50g/1 of Dsorbitol was added o
media.
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Fig. 5. Effect of gluconic acid on the conversion of D-
sorbito! to L-sorbose by Glucondocter suboxydans
resting cell.

ic acid® ¥%2 WH3lr7|dA AP AT free
cello] w]3ted gluconic acidel] 2% A8 &37} of
7o 5%%%oAE L-sorboseZe] Azho] A
3] s =9t (Fig. 5).

Gluconic acid U4 SHIHO|F MY

G. suboxydanss] ¢)3} D-sorbitol®] L-sorbose®
o] M3k 782 o]zl $18] gluconic acidf
Ho)Fo] AMg Alxslich +41 NTGY 34 ¥
TE A7) A 25-200 ug/ml7A] WA A
83 A3} 100 ug/mio|Abo] E|H A E7} o5 A}
galgd 1 25ug/mle] NTGEZA] Al£e A% 4
Edulolgo] Ego] A=}t NTGR AHEE
2)g 5 100g/19] gluconic acid7} &H5 A9
wx|o] Este] QAL A EE oA] NTG(25 ug/
ml) 2 #z]sle] 150g/19) gluconic acid7} =
o] gl Adelullel] Eataje] et MEE S
o] A2 Artaiglrt. Adeujzlolq AAgE S
o] #A & 100g/19 gluconic acid2} 100g/12] D
—sorbitole] 718 BEzel4] wjek% 30T, pH
5.0 @ukEE 250rpm &7 FU4E 3vvme] 27
o 110217k wiekgt % 40.1g/19] L-sorbose7}
AAES] 49.2%] AEES Jepdch(Fig. 6).
o] wild typed] 21.8%¢l ulsle] 2.25uf ¥ 3t
oldZ, u, Yie Yow Qv 28I q, 3 47
0.017, 0.012, 0.713, 0.654h ', 22]x 0.467h ']
o} G. suboxydans®] 7% U. V ZAl &gt 5
wo] FAle] wlas]l NTG AHzlol gt S| A
7} L-sorbose2§ Aol ©] &3A o]t

15
Conversion cfficiency(%)
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Fig, 6. Conversion efficiency of D-sorbitol to L-sorbose
with wild type and the mutant obtained by NTG
mutagenesis. 100g/1 of gluconic acid was added
to media containing 100g/1 D-sorbitol.
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7. mobilis®} G. suboxydans ¥ w55 A3

D-sorbitol3 L-sorboseE A-1, 2—fructose oligo-

merE -8l Qe A RARSE ks S

2188 s} st} Inulinase(0.398% )l &) =] 3t

A2 (40%, w/v) 2 EXE glucoses} fructose} 7+

7} 36.7g/1, 85.3g/1¢] AA=|qlc). o] A4E2 D

—sorbitol#} L-sorbose)Ad2] 714 2 o] &-5}9]c}.

Inulinase®} E#Ado] kA=l Z. mobilisE chitin

(5%, w/v)3} x—carrageenan(4%, w/v)< ARE-3}

o) A wA 3 sjgich. o]u 30.2g/19} D-sorbitol

o] AAEgler, 329%9 &S et G

suboxydansel| 9§+ D-sorbitolo} 4] L-sorbose=9]

A glojA 7149 Fx, £ AaEr: 2 gl

conic acid %59 8-S zAbsledt}h. D-sorbitol®)

%7} 200g/10]4de] =wl 1204]7ke] uhEA]7be]

Azl x 43.7%9 A3hg-g veplie] 7149 A

7} dojidg galstct. Z. mobilisell &M glu-

cose2RE] AAE gluconic acidy= G. suboxydans

o] A% 9 L-sorbose29] A& sl adc). o]

g Aafzhg-g AAs el NTGA e &
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g ARg-sle] Fodwlo] Al E Aldss]en, o
& ARged  100g/19 gluconic acid®}
100g/1¢] D-sorbitole] #f5e] 9l WA
40.1g/12] L-sorbose7} QA =e] 49.2%2] 3§
L el 3, o]= wild typed] 21.8%9) vlsiA] 2.
3ul =& Flolth
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