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Abstract

Dextran, a homologous polysaccharide with the main chain of glucose units composed by an ¢-1,6 glycosidic bond,
is synthesized from dextrin by dextran-dextrinase (DDase), a transglucosidase, derived from acetic acid bacteria
Gluconobacter oxydans and lactic acid bacteria (LAB). The effective culture conditions were examined for producing
dextran via bio-conversion with acetic acid bacteria (AAB) demonstrating DDase activity in various medium
compositions during 0 to 7 days with or without glycerol addition (2%, v/v) and different degrees of dextrin
polymerization (D.E.) based on the addition level (1,5%, w/v). On day 7, the G. oxydans growth was almost tripled
in presence of glycerol as observed via a cell growth curve (OD). After culturing for 7 days, the pH decreased
from 6 to 3.1-3.5, and the acidity increased from 0.12% to 0.4-0.62%, depending on the dextrin D.E. and the addition
level. The reducing sugar decreased continuously. The medium containing 5% dextrin showed shear-thinning
characteristics. The apparent viscosity of the 5% dextrin DE4-7 culture solution was 5.6 mPa-s, which was similar
to that of the 20% dextran aqueous solution. The analysis of constituent saccharides contained in the culture medium
(HPAEC-PAD) showed a substance with a high degree of polymerization. "H-NMR analysis showed that a-1,6
glycosidic bond existed as the intermolecular bond of this substance. Therefore, efficient production of dextran was
possible by culturing in a medium containing 5% dextrin and glycerol during culture of AAB.

Key words : acetic acid bacteria, dextran dextrinase (DDase), culturing media properties, dextran, Gluconobacter
oxydans
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A E2]5 biopolymer(Naessens 5, 2005a)Z2A4], A, 74
T 5. A A - 44 - 9 L BAEE FFl wEr
S50 4 AR T HAR 71573 YERAT(Son 5,
1996). Dextran> 2 -3Akd(Leuconostoc mesenteroides)2]
dextran sucrase(DSase; EC 2.4.1.5) &4f ©J3}] sucrose
glucose 2F7]19] transglucosylation 280 2 JFAJE I1HEA};
g2 &elA AtHLindberg?} Svensson, 1968; Robyt2}
Walseth, 1979). o] Qo= W30} 4 B4 Aok =
A Gluconobacter oxydans)©l] 23t dextran AJAjo] R 11E
%10 H(Hehre?} Hamilton, 1949), dextrano| 23t t|A&=
W 540] v A e % He) UE A0 YA
T Leathers, 2002). Yukd o7 71EZ} tigH= A A4
5 78 Y 9 25345 5 B 715 §4H0E
sl =8N rheologyd] E/dZ& FA WS 7|HE e
ng 4 958 oA 5 ARt A A8 Al S8 FRE
Al E2tHJang, 2019).

G. oxydans 1] dextran dextrinase(DDase; EC2.4.1.2)=
maltodextrin W o-1,4 glycosidic linkageZ ZA3$HE glucosyl
unitE donor moleculeolX] acceptor moleculeZ &=
transglucosidase2] 23S 5519, a-1,6 glycosidic linked chain
Fe2 23 o] =2 dextrans A H(Naessens2t
Vandamme, 2001). G. oxydans= Acetobacteraceae}o]| £o}=
I 390 E AL - AR IPYof|A] 33 9t §gkE o]
45 ¥ LFZ9| Bt ABksS 7HAIH(Prust 5, 2005),
cellulose, dextran®} Z+2- biopolymer AJAF X transglucosy-
lation ®4x(DDase) AJ4F WA A 5ol U= o5
Z B It De Muynck 5, 2007). G. oxydans -53-9]
71578 TS A 91t e2lo] YO 2, DDase B4
Z-8-717Z(Hehre, 1951; Yamamoto 5, 1993), G. oxydans
ATCC 11894 99] DDase &4 A 9 Alglsta EA
(Suzuki 5, 1999; Suzuki 5, 2000) ¥ 7] Eo]A](Naessens
@} Vandamme, 2001; Yamamoto 5, 1994) 5of st tfef
o A57h AFEA 13l G oxydans 29] Al
DDase 2]4= X|43tE I3k eAd U A g A-ofA]
glycerol, mannitol, mycological peptone®] &4 TJE I
A& Z20f a7} 9o (Naessens 5, 2004), dehydroxy-
acetone AJAE A| glycerol®] wkof uet 5 oJ&X0E G
oxydans®] 50| 7RI FEA UK (Gaetgens 5,
2007).

G. oxydansi= AFAA A4 ZHANA AA o] wie- =
& FF2, olF Te3lo] Aok 4 - siat ol FulA
ABHE 7154 TR dextrn® ISR A1Q1H 08
A2 71 4831 UrkMao : 2012). SR Tt
_(T)'_sl- ol _‘.3_5\_%’—‘81- v Lo A Q35 751_?_, Al /\XH = /\}_gﬁp]

= od”E T1o= = -

foliAl= A AS 59 olF=E Q¥ AF7IXto] RSt
U= AP Stk 22, 54 £43 AAksks ngES] F
A Boto] v W B4 58 ol8she AEdd
o] tigt Thilo] S7stal o, oA Fol &
go] Sl= G. oxydans®] EXTE B3l dextring 7154
el dextran = H¥lsl= A7t F53F Aol
Q] A 2= Weisella confusa 752 10%(w/v) sucrose St
% MRS ¥ MR dextran 8 % BHEA QA7 A
7} B11E]o] QIth(Netsopa 5, 2018).

wEbA 2 AolA= G oxydans®] B F AFAR &
83h= maltodextrin®] U=, H7IeE | ISR A
710l T ASEA, eprEalo me s ol
EN BAS B30 G oxydans) TIFHQ] BEAS 28-S
Feoks iR BASHA 511l G oxydans H5
0]-85}t maltodextrin© 2FE| dextran® 29] AEZA3FH] 7]
2 A2g shwskaa sk

=

R

M=

2 AN T 242 FI8) AR EEEE fructose
(F), glucose(G), sucrose(S), nigerose(N), maltose(M2), kojibiose
(K), isomaltose(IM2), maltotriose(M3), panose(P), isomaltotriose
(IM3), maltoheptaose(M7)<- Sigma-Aldrich(St. Louis, Mo,
USA), maltotetraose(M4), isomaltotetraose(IM4), maltopentaose
(MS5), isomaltopentaose(IMS5), maltohexaose(M6)+=TRC(Toronto,
Canada), isomaltohexaose(IM6), isomaltoheptaose(IM7)+=
Omicron(Amherst, MA, USA), dextran(Mw=40,000)< TCI
(Tokyo, Japan)°4] HPLC-grade A|9F& 7-43}0] ARGS9,

o3 U HjYRA

B AFof A8EH AN BEAFE TEEAASY 1]
AE-LY(KACC) O ZHE] Gluconobacter oxydans-g ¥k
O, ZAF vj9FHl ] += acetic acid bacterium(AAB; peptone
5 g/L, yeast extract 5 g/L, glucose 5 g/L, MgSO, *+ 7TH,O
1 g/L, pH 6.6-7.0) mediaS ARG5S} T AZE 9t
A= AAB media®l] 1%, 5% maltodextrin(dextrose
equivalent 4.0-7.0, MDI, Sigma-Aldrich) T+ 1%, 5%
maltodextrin(dextrose equivalent 13.0-17.0, MD2)& #7}5}
of A 25}t Naessens 5(2005b)o] wh2H, vjA] W t}7}
AT Z(glycerol)Q] M7= B7t G. oxydans®] 5 S &
b BaEglon, ojuf ARGE glycerol HEE alsto]
(Kooi®} Grange, 1958) ofH| A3 i}, 2 oAM= g
S AZE st ulioFuiR]of 2%(v/v) Q] glycerol(TNT research,
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Jeonju, Korea)S F712 A715] & 759] viAE A|Z3}0]
AS-S Z5Y5FHHTable 1). G. oxydans®] ¥F2 5 mLY
AAB mediaZ} B7] test tubeof| A ZH{H3B0T, 200 rpm, 18
AlZh3kaL, 250 mLe] AAB media®] 2%(v/v) seedS FZo}
of EaH30T, 200 rpm)StRTE. °]F, 7Y St AT
(0T, 200 pmyshel, 245|200t MolS 3este] 600
ol FHES Ao RN 24079 ASTAE ZAR)

.

DDase specific PCR primer design ¥ PCR &4
B Ao AR G. oxydans] DDase gene X3 B
Zols] €5}, G. oxydans ATCC 11894(accession number:
LC008541)2] DDase gene AE< 2 primerS ARG
T} DDase geneZ Rt 4%, °F 300-500 bp2] PCR
product’} SEZELEE specific PCR primers A&},

393

DDase gene2] HA| AE E4Z 93t primerS Al2}Fotoit.
Primer A|2}olli= NCBI primer blast program(https://www.
ncbi.nlm.nih.gov/tools/primer-blast) ARESIRL, AR
primer 4| 4 oA} PCR product®] Z7]+= Table 20f L}
H3ltt. G oxydansS] genomic DNAE genomic DNA
extraction kit(Bead Genomic DNA Prep Kit For Bacterium,
Cultured Cell, Biofact, Daejeon, Korea)S ©|-8-5}co] 3|45}
R, oI5 FH7IHCE AMESIQITE Specific PCR 8 &
AL pre-denaturation(94 T, 23); denaturation(94C, 30%),
annealing(60T, 1), extension(72C, 24&), 30 cycle; final
extension(72C, 5&); storage(4C)°|th. SZ% DNAS A&
2 98] agarose(Sepro, GenDEPOT, USA)?} 1X TAE
bufferg ARESH] 1% gelS TH= & X795 ] (Mupid-
2plus, Takara, Kushikatsu, Japan)& 53] 100 volt/cm2] Z
$2 258 52t Aedslo] FIsloict

Table 1. Composition of media for dextran biotransformation by G. oxydans

Composition
Sample abbreviation Acetic acid Glycerol Maltodextrin Maltodextrin
bacterium media 2%, vIv) D.E. 4.0-7.0 D.E. 13.0-17.0
G(-)AAB + - - -
G(+)AAB + 4 ) )
G(H)AAB+1%MD1" + + 1% (V/V) -
G(H)AAB+5%MD1" + + 5% (VIV) -
G(H)AAB+1%MD2? + + - 1% (VIv)
G(H)AAB+5%MD2? + + - 5% (VIV)

YMD1, Maltodextrin (D.E. 4.0-7.0).
IMD2, Maltodextrin (D.E. 13.0-17.0).

Table 2. Sequence of specific PCR primer for DDase

Name Sequence (5'—3") PCR product (bp)

DDase-1F CAGAGTGCCTATCGCTCCAG

DDase-1R ACGGTAAGACCCGATGAGGA -

DDase-3F GTTCGGGTCCTACACCCTTG

DDase-3R TGGTGATGTTGGTCTGGTCG B

DDase-5F TCAACCCGAACGGAACGATT

DDase-5R CAGTCGTAGGATTCACCGGG i
DDase-F:HindIll CGACAAGCTTATGGCTGACAACTCTGACGA 3855

DDase-R:Xho |

GTGCTCGAGGGCGCCGACGATGTTCAT
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pH 2 ME 27

pH % Ate= ZANF HYHS AR 4T, 19,010 xg,
10, Himac CR21GII, Hitachi, Tokyo, Japan) &, H{¥A 5
g slsslol 2RIk pHi MAPENS FRAE 10
v 314 &, pH meter(Orion 3 star, Thermo scientific Co.,
Waltham, MA, USAYE o}8310] 20l4 245190tk &
WEs AR 1 mLo] 355 0 mLE A3l 108 314 7,
0.1% phenolphthalein solutiong 2-3%2 7}510] H-2490]
HA wj7HA] 0.1 N NaOHE 53} AAsI3l1, 4H|H
NaOH9| & ofzfje] 4lof thQisto] acetic acid= Hilsto]
%I HASIATH

A % 60(acetic acid) x F
A (%) = x 100
S x 1,000 x 0.1

A: AHE 0.1 N NaOH £H9] mL 2

60: 0.1 N NaOH 1 mLof Ag5l= acetic acid(g)
F: 0.1 N NaOH &999] o7}

S: Aol ALgE Wik 459l9] L)

0.1: NaOHY] =%

o Y 23

fo
[0

SIS glucose oxidase/peroxidase W= hexokinase/
G6P-DH 4 Z8-2 7[¥tog B4 753 GOPOD kit
(D-glucose assay kit, Megazyme, Bray, Co. Wicklow,
Ireland)E ©]-8-5to] ZF HiAIH G. oxydans P3S4 &
L SRS 274519 t(www.megazyme.com). D-glucose I
o HiFESH 1 mLofl GOPOD reagent 3 mLE S215}0]
40T oA 2057F HWFSA)Z]l &, microplate reader(Multiskan
Sky, Thermo Scientific Co.)& ©]-8-5}o OD510 nmO|A| &
YEE 4otk 245 FUE S offel Ao sl
of S| TS AL

D-glucose(pg/0.1 mL) =
AAsample

x 100

AAD—glucoseswndard(100 ug)

dE 23

Hix] 9] (E7HE 7149 FHE 9 Fh)ol TE 24
20|t 44§72 SRls) Selod wigelg pale
(19,010 xg, 103t &, HjFY5He FHSIH E4S &
A5kt 9% EAL rherometer(MCR 302, Anton Paar
Co., Graz, Austria)s ARg3dlo] 24319 OH, probe=

PP-50, 2% 25C, shear rate= 0.01-3002] Y oA &
308 S45ItIm 5, 2015).

High performance anion exchange chromatography
(HPAEC)

24N A1 A WAS] TAGEAE 149 BRE W
E)ol ket AR gl JolE Sels] gisiol, wiek
ASoNS ol87) HPAECE 4-asieirh. vigpdsale 55
42 54 3]A45}tod 0.22 um syringe filter(13 mm, 0.22 um,
NYLON, Thermo Fisher Scientific Co.)Z oj3}slo] FAA]
22 A8 7 Hlegsolo] st s 74 BR
of Hel 24 ) Jeong $(2019)] ATOIN HE2
HE Z15kL). ICS 5000 Dionex chromatography system
(ICS-5000+ Capillary HPIC™ System, Thermo Fisher Scientific
Co.)°]| CarboPac PA200 column(3x250 mm, Dionex)S %+
Zolo] BAlsl9 1, BEAAAELS PEEK tube(0.24 mm i.d.),
a gradient mixer(2 mm), ED amperometry cell with 0.25 pL
channel volume, a pH-Ag/AgCl reference electrode, 0.002 in
gasket, and gold electrodesS E3IGTE EAFACRE £
A-81= 100 mM sodium hydroxide?} 1 M sodium acetate
£ A8, sodium acetate= 15-505 =9t 0-400 mM7}
A SETHIE Fol A8 2H, column?] 2= 40T,
AE YT 5uL, 8§52 0.5 mL/min®] 2702 &
Aeloick

'H-NMR (proton nudear magnetic resonance) £4

vz 9] FHE7HE 7189 S9= R Fh)ol wet A4
H o7 G 24 Tt a-1.4 B o-1,6 29| FF B
Qsted, wiFAFEHS o83 'H-NMR spectroscopy(500
MHz FT-NMR, JEOL, Tokoy, Japan)E =35l3itt. 52 A
Z5 sample(20 mg/mL)& ASESSA(D,0)0) =& H 4
0TOllA 1023t BESAIR] & A SR, 5483
ZH A=E 20 mgmLY] FE7}t HER ASRSaao] thA
833t F, 'H-NMR £42& Sgs9ict.

SA2

2 A2 BF 33 ol ke ST ZIgES SPSS
24.0(Statistical Package for Social Science. SPSS Inc.,
Chicago, IL, USA) Z2 19| 7|&EAES Edf ‘HitHR
Aol iz uehfila, dEiA| E4ikEA(Oneway
analysis of variance)= &3l F-21/d 5= SI%1.2H, Duncan
9] tr=H A (Duncan’s multiple range test)S E3f Al&
2] FRRRE AASIATH(p<0.05).
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2m o oy
DDase gene?| specific PCR

G. oxydans 5 U B&o| &Ao] Q= a4, dextran-
dextrinase(DDase) gene X-5- o] 2.5 3H0I517| ¥s}o], NCBI
oA G. oxydans ATCC 118949] DDase gene sequenceS 3+
12 AJAKSE specific PCR pirmerE ©|-85}o] PCRS 4345}
A}, G. oxydans®] genomic DNAE F715 02 PCR A
Al & DNA #7|9% 23, oA 27171 342, 434, 364 bpo]l
4] PCR product”} AEEU O B2 (Fig. 1A), Aol AR
G. oxydans 752 @24 Y DDase gened X3l S
Zog FAEQ}. DDase gene® domain 4 A} G
oxydans®] DDase gene 55 022 15| 913} A2
primer set 52] 749 DDase gene2 FAJ5l1 Q= COG2931
family sequence WOl X|§HC =2 DDase specific PCR
primer= AR8o] 7HsES ERIsIItHFig. 1B).

G. oxydans ATCC 11894 A B-& #11519] 3.4 kb AF9]
DDase gene ZZ-8& primer(Table 2)& A|Z5le] PCRES 4
Y5131l PCR product®] A|EZ EAste] B2 G
oxydans 3E12] DDase gene A& EHo}3THdata not
shown). DDase gene?] A|g £A4S E3] 7|&0| H1¥ G.
oxydans ATCC 118949] DDase gene AE1} 99% AFsA

(A)

(3,848/3,855 nucleotides)©] &RI=]QIt}. A FEAE DDase
gene(PCR product)S NCBIQ] blastX Iz ]S 0]85
tlofEH|o]A o]l 55 oAl AGut HlwEASH A
Gluconobacter sp. LMG 31484, Gluconobacter cerevisiae,
Acetobater malorum, Gluconaetobacter sacchari, Nguyenibacter
vanlangensis2] hypothetical proteinZ} 99% AFsAd< 2kl
51990, DDase gene> CBM6-CBMS5, GH(glycoside
hydrolase) family 15 2 COG2931 family2] 37} domain© 2
TE0] U RISkt webA & AFE sl £
2 G. oxydans+= DDase genes T35l QIO E OGRS
Aze] o) Age 2= A

WEEPY

G. oxydansS] BlES E3f dextring dextranC = YEH
2157] Pafol, 24 ool Mt MAEAL Bt
A oAt ARbE o= 24kt v A, acetic acid 52 HHAL
g9 Ao s Hixle] AVeht s, olo] e
catabolite repression®f| 2J5}] ZAJ7H vljofo] ojEle- Ao A
2] 1K Brueckner®} Titgemeyer, 2002). Naessens -5(2005b)2!
Ko0i%} Grange(1958)°f w2 vjR] W glycerol, sorbitol 5
WdEE A7t 95de-S B 2ANY BeE S
71Tkl B3I 2%(viv) glycerol H7 1t} Fo471E Bl

CO0G2931
1 — Ccl;l\;\[/fs- Glyco hydro 15 PRK14708 e 3,855
Auto AIDA- 1

= a& =& 5 @&
P1 P5 P3

Fig. 1. G. oxydans specific PCR (A) and DDase gene structure (B).

A, electrophoresis results of DNA amplified by DDase gene, PCR product of expected size detected; B, DDase gene domain analysis results, the
primer sets ‘P1°, ‘P5’ and ‘P3’ are located in the sequence constituting the DDase gene, it can be used as a DDase-specific PCR primer.
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HiX|E A £5to] glycerol H7F= QI3 A& $X1 Rl H
dextran A3}-0] 7|4 2 ARE-El= dextrin®] 391 (MD1, MD2)
9 H7F EH(1%, 5%) BS5TAAS SRIsHIT 2} i)
A o] 200 HiF TRAHA] G. oxydans®] Y52 ¥t
A3}, viF 19210l BE AIET Tl 59411 AfolE &
QI 4= gi3lth. Glycerol F37H @)Y -5 vl 5S¢t
0.44+0.01, HJQF 722ko]| 0.35+0.00, glycerol H7FHO)°)
AL wljoF 59=}o] 0.80+0.00, HjoF 7UX}o] 0.88+0.022] 5
FEE Hyoug glycerol?] A7V} G. oxydans] B
S7M7 = RS EelsklthFig. 2). ERL glycerol F71-
o= ¥iF 2YA7IA] A= 7R 7-914R1 Atol7t glole
u, vl 3UREE {2491 Ajo|7h HAYsIT. vl 3U}
of] G(+)AAB+5%MD2([])7} T2 glycerol H7hto] H[slo]
2 BEEE Helo, Hiek 4UAEE maltodextrin 5347}
721 G(HAAB(O)9] A8-0] maltodextrin 7AW, A, I,
(el vlste] foos 2 Aggo] FRIEUrkp<0.05).
wW2hA maltodextrin®] A717}F G. oxydans] L0 JFS
H|2= A2 GRIT 4= U o= G. oxydnasg 60L scale
2 vjgoi, ghAg E AAYE ZARE AH(Naessens 5,
2004; Naessens 5, 2005b)of|A Hi1gt Ave} SARSH 3
= UEH 2 =4 DDase F710] 40| = Akt vl Al
maltodextrin 371= A5 S0l §-a%F a3 Hol= A
SIsH3IT.

pH ¥ 4t
G. oxydans WS 53 G844 dextran AJEHTS st
AL 9 G. agdanse] WA D opIle] TE

08

0.6 -

OD 600

04

02

0.0

Time (days)

Fig. 2. Growth curve of G. oxydans according to various media
type.

®. G()AAB; O, G(H)AAB; V¥, G(H)AAB+1%MDI; A, G(+HAAB+
5%MDI; W, E G(H)AAB+1%MD2; [, G(t)AAB+5%MD?2.

pH, 4te9] HISLE FAfSto] 1o YR {tHFig. 3). &
E AgFoA 27] A= pH 5.7-5.92 521291 A}o|7}
AoH, v 193] pH7} H45] 44x5to] pH 3.5-3.72
LERA QLT o]Fofli= HlieF 797HA| pH7L AR sk 7
F= BHloH, Hijg7|ito] S7FEE AR 7HY] o4l
AolE HYPZ SISt (p<0.05). of= 2AS] v A,
| tHAMRER acetic acid7} AJ/d% 0] Bl 1¢94}] pH7}
T49] Woldl Ao = A=, &R 27| pH7t FE FF,
ZANES] Fe7)7F S7tE 0] Wart AdE dojuA] 27
izl pHO| 47} Arial HirE]ofzl Kim 5(1985)2] &
T2} 271 pH7} 6.0-6.5%1 3Gl A 2ANFY] BEET}
SITal HAl9h Kim 5(2012)9] 19} o] wjjef 1Y o]+
of pH7} oF 3.5-3.7% $-2 pHO| HjFFRo] FAGEHUE
2 G oxydans®] BSE7L E2 212 olet AWo| l& Ao
2 AREHY Aes SEETT O 3(MDI, MD2)Z 2714
BE(1%, 5%)E 7S A9, ZE AETolA vig 0
AAtoll= 0.10-0.12%= F2J2Q1 Zfol7h gigl o, ek 1Y
Aol F435] S7I6HAaL, o % w7 It 52t Alslod St
= A%%E Btk v 793l B 771 G(HAAB
(@)= 0.40+0.01%% UERtoH, o H79l G(+HAAB+
1%MD1(¥)2 0.41£0.01%, G(+H)AAB+5%MDI1(A)Z 0.51+
0.01%, G(+H)AAB+1%MD2(H)= 0.46+0.01%, G(+)AAB+
5%MD2(CJ) 0.68+0.01%= e}, MDI19] H|5lo] MD2E
A7¥eE Al oA thAd 22 ATt ERIE%loH, o
7} H@)°l B3] 1.05, 1.28, 1.15, 1.718] =& A7} E9]g]
At 1AL HjFTIZe] S7kekal, |e ko] o E
A7 B & B FTleke A ERlskiH:

10.6

pH

104

Acidity (%)

102

Time (days)

Fig. 3. Changes in pH (solid line) and acidity (short dash line) of
the culture supematant of G. oxydans according to various media
types.

O, G(HAAB; V¥, G(HAAB+1%MDI; A, G(+)AAB+5%MDI; W, E
G(+)AAB+1%MD2; [, G(+)AAB+5%MD2.
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7o) Aol Q= 2ANFR G. oxydans®] WG
g7 A2 ERIst7] {ste] glycerol H7HEQ] viF7]
7ol T2 o] JF WSk RAPSHITHFig. 4). ST
< B3A4o] Sl FEls|Er v AE7IE 2 a5 ¢9F
g 8AZ 7| BEES 2= T2 UotH(lee G,
2018), glycerol A7t vl 0¥Yx} TGO RS
1.94-1.98 pg/0.1 mL= AJ¥-E 7k §-214R1 Zpol7t glle
W, #1931 G(H)AAB(@), G(H)AAB+1%MDI(Y),
G(+)AAB+5%MDI(A), G(+)AAB+1%MD2(M), G()AAB+
5%MD2([])2] €02 0.03+0.00, 0.08+0.00, 0.14+0.00,
0.41+0.00, 0.51+0.00 pg/0.1 mLO 2 FHJ}o] slefo] F4
5] F4sl3it). ol= Kim 5(1993)°] o5t nlAE A5 Al
SIS 71AE AR R x| f SRde] dgo] A
Stk B gl vie} o), wliok 27| v AAkS ffsl A7t
3t maltodextring G. oxydans7} A& LJo o]&35Fo 2
HijF 1420l ShdFe] Fgo] J555] At A Ve
+ 202 HIth G(+HAAB+5%MD2(0) HiA|9] 3¢, thE
Aol Blsto] viQF 3UA0] tha W2 S-S UER it
HIQF 4QUJ0]| ThA] F7tok= RS ERIgH vhd, S Rk
50| F7Vok= v 44t AASIUCEE, G oxydans7}
maltodextring 7] 4& AMESIo] ASGHo =N Sheldo] 9
Zo] ZrAst A0 2 oAl 181 dextran dextrinase 2+
82 Bl dextran T A, TP TH9] glucose 7S
7trEsfote] Frlo] WYEE FAokEE FELT W
MD29] hle o] =2 73RS Hol= A= AifHrh
ESE dextran® 2 XE| isomaltooligosaccharide A|ZE 25t
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Fig. 4. Changes in reducing sugar content of the culture
supematant of G. oxydans according to various media types.

O, G(HAAB; ¥, G(HAAB+1%MDI; A, G(HAAB+5%MDI; W, E
G(+)AAB+1%MD2; [, G(+)AAB+5%MD2.

dextranase 1143} AH(Bertrand 5, 2014)9)|4]= dextran®]
gtz sl AR BUT 3718 5ol A UE &
ARES BAAE F7ME Aot & EYT TSk 7
3o 9 o] fi WHSEO| A of2E WeIE At

Py O_oO P
=R
1

HjR] g o] B4 oo vk A & Fro) vist
£ 27517 isjo] Uk A wA) 9 72 Wk 7wl

= AR G oxydans 4= 4E A 2 WY A=
L AR} 271 1Rk Eo] Hidelol 271k 4
FZ Ho] newtonian A Y] FA|US ZRI5HITHFig. 5A).
ey 797 HieF & Bt v A e] 73, shear rate
=710 w2 Ak-S(shear stress)©] Z4ad= pseudoplastic
3 449] 77 54 RSk ol T A4 212 <)
% shear-thinning: 4J:00] BB =M 95 BHo] Wt
Ao% WEgIT

5] 24190) Glo] 0] 7142 AHBHE dextrind
FUE 9 H/E Wi A5 Aol 2, dextrin 1%
A7} G(HAAB+H %MDI, G(HAAB+1%MD2) ThH] 5% 4
7} H] HHRFO(G(+)AAB+5%MDI, W; G(+)AAB+5%MD2
WolA Adhgo] 7S 3399 S7H0] AAshk=
E/d0] Z5tA YUeh, dextrin®] H7kpo] w2 A2 WY
TEA O AAEe] == AoE F45IelH

TEA el dextrand}e] HTHSHLS Hwsl| 95t
o 20% dextran =8N 9] H= EX-S H|W5FHtHFig. 5C).
G. oxydanss G(+)AAB+5%MD19]| 4F - vljgsto] 343t
HiFFE A A, g7 BAHL=E Qlste] 20% dextran®)
AXR7| H(apparent viscosity)Ql 5.87+0.19 mPa - s <} &
AJgE Zk91 5.53+0.05 mPa - s& ZQ1E]ITH Table 3). 7] 9]
SHUE Zolo] st maltodextrin®] FIE7F 2
G(H)AAB+5%MD2 H2]7 o] G(+)AAB+5%MDI1 HSF
HEole] kgl Wl o FELS Flsitt
(Fig 3B). olei 7187]¢] Wske Hede] 37l e
S3F%9] & 9ISt shear thining FAFOZ X 11(Tako
S, 19771 Ao, Lee 5(1996)> LEAF &N YAt
7re 22} ARt 5 FRPHeY R QS FE3Y wt
e Weo] 1, IEAF A9 wLvt SIS #AL
7ol I3 drert S7kste] 939 Aol ofsh 2FoA 7t
A= o] it HkSo] thEA] LEhk= dAdolekal B st
A}, Vuillemin 5(2018)2] ATolA= O. kitaharae DSM
17330 92} dextransucrase &40 2 AJAE dextran®] AT
£ RIS 23}, Aoz Z8E|E= L mesenteroides
NRRL 92 dextanti} o & o} 553 S5 &
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Fig. 5. Shear stress-shear rate plots of G. oxydans in variable
culture supernatants.

A, media for not cultivation; B, media cultured for 7 days; C,
comparison with 20% dextran (positive control), media for not
cultivation and media cultured for 7 days. Significant differences were

compared with A and B. Production of polysaccharides was confirmed
in the culture media.

‘de HRAHAL si3ltt. ol vt o frelle] Eae A=
OE 24 e Ho oddt AdeS 5] el

Table 3. Rheological properties of culture media

Sample” AppetrrerllgaYissgosity
20% dextran solution 5.87+0.19
G(+)AAB+1%MD1 1.80+0.22
G(+)AAB+5%MD1 5.53+0.05
G(+)AAB+1%MD2 1.03+0.05
G(+)AAB+5%MD2 3.67+0.12

U Abbreviations: See the Table 1 except dextran.
All values are meantSD (n=3).

(Pazur} Ando, 1961), w2t Bl 58 A4d80) 54
Zpolg metely] 93t 7|x H-Eo] TS ] 4235
of & o0& AlmErh

HPAECH| oJst MdE 24

FHo] &/o] U= FANFY v 2ol wE HjA| W
T4 Bzt 9 BAAEY] AT diES ERlsh] fistod, i
FUEE samplingsto] BiFd W H7Igt 7149 744 9 ot
I A= TSI dextrin 7} HiA] W AL X
(G]), TELRA(G2) ¥ TEEZQAG]) 5 YEZYIY
FE FAEC] e 11 o] GRE EsLL(Fig. 6A),
dextran 1% Z=8HL BAA|7} 205 0]Fo] et peakE &
off 150 thRE MdES HIwsIIthFig. 6B). HIYE]
Z=oloflA] dextrin 1% HA7FHG(HAAB+1%MDI, G(+)AAB+
1%MD2)2 uieF 192}, 5% HA7RHG(HAAB+5%MDI,
G(H)AAB+5%MD2)2 HljoF 2Q4x}o]] thF-E9] dextrin peak
7} AlEH4 2. H(data not shown), ©1& E3) G. oxydans #5
7h A5 9 dextran AHEHES PI5] dextring S| AH[S)H
= A & 5 A9 797 G. oxydans ATCC B3]
Ul o dghks gRlsh] flsf oflg A 35 A7
P4 W18k 23k, devtrin F7} MRGEHAAB)OH: S
5% dextrin 7} HRXI(G(HAABHS%MDI, G(HAAB+5%MD2)
oA g5 E49] T HE2 20+ ©]F dextran®] T/
T T FARE AR YEhton], & 20-30% Ale]
peaks FAIOKE patterns B HTE ESH SIE7T =2 dextrin
HiZ], G(H)AAB+5%MD1 tH] Z3e7} W2 dextrin i %]
(G(HAAB+5%MD1)OIA peaks Ut =29] ool
=A YERGtHFig. 6D, E). Yamamoto(1992)+= Acetobacter
capsulatus ATCC11894 3= DDase”} thFst 7]140] ot
dextran FA5ES ZARSH A3}, Glucose G2E ALt HE
714ERE dextrang I = AN, BASHE(DP)
17.39]) 3| d5}= short chain amylose ©]-& A] dextran $>&°]
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Fig. 6. Polysaccharide composition analysis by HPAEC-PAD.

A, G. oxydans culture media G(+)AAB+5%MD1; B, dextran (positive control); C-E, analysis of ethanol precipitation products in culture.

57.6%=2 7P} =& Aog HIstYCh UHA soluble starch
= 21.4%=E HI1Eo] APHATel AR AR UEITH
Nacssens@} Vandamme(2001)0]] w2, intracellular DDase
+ maltose(G2)2} B35t Eem 2] A Qlo] glucose2t
panoseTt X345} 11, Sadahiro 5(2015)9] H-FoflA ESE
714 & A7}FSt maltotetraose(G4)ZHF-E G3, G5 2]°f| panose
7 e AoR Huslgd), & A7) werEe s
=9] 4 27} panose peak7} UF THEE AT YA|5HH
(Fig. 6E), o= ©#o] a4Z-go] 93f a-1,6 glycosidic
linkageS oI $40] B4E OJoleick. 37 oI5
o sE BAo TR AF e WP 9
HAMR 2418 AA3H5ick

'H-NMROj| oJ3t CtdFeol 1= 2M

G. oxydans ATCC 193570J|4] 3|43t thd9] 1% 1A
< $J5t0] 'H-NMRE AA[519Tt. Dextran®] & £442 of
2 7] o= At 4= 91O, T15 NMR spectroscopy
= 1D ¥ 2D NMR spectra(TOCSY, NOESY, ROESY,
HSQC % HMBC)2| #-8-2 F3f dextran®] ApARF 27

= 7] #Ist 7MY F83% 7|&olth(Purama 5, 2009;
Wang 5, 2007). k4] HPAEC- PAD 348 &E3f &elst

dextrin 37} 72 WioFElofel THRE ChRol 247 2k
< 1517 §13] 'H-NMR E4ZE3HE e lthFig. 7).
G. oxydans®] 7| AR A== dextrin®] 24} 7+ A9 24
73}, chemical shift 7% 5.3 ppm peakE Ho] a-1,4
glycosidic linkage E-2l0] 7}A|= EA-S &Q15}%1 1, positive
control2 ARESH dextranol|A] E91% 4.92 ppm®] anomeric
proton signal-2 A& Q] a-1,6 glycosidic linkageS X35}
L EAUL 3RIGITKTizzotti 5, 2011). G(+H)AAB+
5%MD2 Hi%} ‘s AollA 243t 7 chemical shift
peak FE= 4.92 ppm YZ|O|A] major peak, 5.3 ppm YA
o\ Al minor peak”’} IEE 0], G. oxydans 7=} DDase?] T
o] dFe-2 B3] maltodextrin 7|2 0]83t] a-1,6
glycosidic linkage 235+ £49] dextran® 2 ZTHE o2
=] QITKFig. 70).

Hehre(1951)0]] 9J5FH DDase= dextrin®] H|ZHA] Tt
9] 0-1,4 glucosyl Z7| E3} dextran A3sh= 2F-go| 7 55}
o1l AQFsE A3} Zo], dextrin®] a-1,4 glucosyl Z7]2 Q13|
chemical shift 4.92 9Jx|of| peakE Q1T 4= AgloH, A7}
=l maltodextrin®| ATF dextranC 2 AYEZATHo]| o] &8&]R] &
SHL Vol gli= Rio] 710] ojgt o weker. wt
A o] T 2Age] et W 9 Mad) 71 F
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Fig. 7. "H-NMR spectra of the isolated dextran from G. oxydans.
A, dextrin (a-1,4 linkage); B, dextran (0-1,6 linkage); C, isolated dextran from G. oxydans cultured media in glycerol and dextrin 5% containing

AAB media.
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