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Production of Levan Hydrolyzate
Produced by Microbacterium

laevaniformans ATCC 15953

Hun Lee

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

Levan is a A -2, 6-linked fructose polymer with B-2, 1-linked
branched side chains. Levan is also easily produced by several
kinds of bacteria during their assimilation of sucrose. Levan
produced by microorganisimns was maily studied for interest such as
molecular weight, structure analysis and physiological characters. It
was reported recently that levan of MW 20,000 had physiological
activity. Therefore, this study was performed to obtain levan of
M.W 20.000 by acid hydrolysis and enzyme hydrolysis.

Molecular weights of levan produced by Microbacterium laevaniformons



ATCC 15953 were 1,366,000, 92,8000 and 322,000. The optimal
conditions of concentration of levan solution to obtain levan of MW
20,000 was 5% concentrated levan solution. The optimal conditions
of pIl and buffer concentration of acid hydrolysis to obtain levan of
M.W 20,000 were 0.0IM phosphate-citrate buffer of pH 3. The
optimal conditions of acid hydrolysis time and temperature to obtain
levan of MW 20,000 were held for 70min at 80TC.

The optimal conditions of enzyme hydrolysis to obtain levan of
MW 20,000 were the amount of lavanase of 2U/ml, reaction time

Z2hr and reaction temperature of 30TC.



H €

T F (¥, polysaccharide)= 27] o]4te] ©gd

‘fET 5
saccharide)7} Sl IAI=ZA T o] 28] dr =g do] & EAE wga
A

Har vk olHd AR Fo i TAA Ay ol g me
AT2ME 19429 Leuconostoc mesenteroides?t AAH8tE  dextran©)
ddsFAE AEd o d(Aspinall, 1982), Xanthomonas campestris7}
AAFetE xantan gum(Flores 5, 1994), Auerobasidium pullulans?} A
el pullulan(Auer %, 1990 ), Zoogloea ramigera’} A2bali=
zooglan(Noberg 5, 1982) Pseudomonas aeroginosa %= Azotobacter
vinelandii?} A)4¢é&l=alginate(Skjak %, 1985), Acetobacter?:, Agar-

obacterium?; o] A28L= cellulose(Currie %, 1962) 2 Mucorales: o)



AY4b3hE chitosan 58 HEAY A2 & & glon, O Yok th4o
d-r7F Barge] ltk(Cottrell, 1980).

olg]g vAE F HFFE TAE, BAF, 78T TR A% ¢

2 M%—a, #85Y 2 9BY4 vd 59 UPY 54 ANz
E, A%3, AA, 33E NF 5 43 3%«
B BT HasE A8Ye e 24249 FRAE 08 Hopxu

PH
Ir
N

<ol oM vAE 3l dEH7 AYE FghdAde] #edH e
M= oepFozAe s 7hede] 7ldig ®uk olyel(Endo 5,
1983), A&eta o4 AAld vEdFe T34 F475L o8¢ @
BEAANE] S&AT 9N Budn QrHNoberg 5, 1984).

ole}b o] vAE Fdf FHst H2A FELH gE Fag olfE
olEo] A= 553 75T REXE o83 A5udd] 9% F

A dFAd L AdE ddFe 82 2 g9t golgthiE oA L A
oL 9l7] wi{out,

|

Hd oAM= FATEE IS o8 DA Ho|wF L )
22 715E€ A dgdiel Add 33 A7) vuEla 9l £ ouRn
ANAE A A2E oo AxEAL T L G S Bg A

T7F &3] 2851 v (Aspinall, 1982).

g, AR FHY deddF 5 Ao PAdY tUEFE fructan
o2 FAIFH o F dEAQU levan(poly-D-fructans)S 198134
levulanol & o]Fo =2 AHE HuYUd}  Greig-Smith(Greig-Smith,
1901)+= Bacillus% 57} sucrosedl A vl%¥d Wl dextran® §A}8HA)
fructan< A 3HE W3t levanolZl Wt
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Levan® F&+ A-26 ZA3%F D-fructoseE FA UG+ glucosest
Agstal o HAo] vta Feol T 3o} acetne, ethyl alcohol =
o] FrlEuol= A o jbel 9 HA 7R HE(Pontis 7,
1985) 535 ol8ste] AFAE 4 Jg ¥ Fdz=A A st
oAl ARG Levan®] 2 8§42 £-26 A wE Hoem
AZtelo] A ™  branching& &4 HAeis=z Agsie wx Fdd
levan<: gel filtration& 93] EAAZE 2849 5 9gon =3 F314,
SGAA, WA, & $ubslE 9kA|, surface finishing agent, 33Hu)
&4 o2 o] &% 4 vt

il levang AA 3= Pseudomonas®:# Xanthomonas®, Bacillus
laevaniformans, Streptococcus salivarius, Leuconostoc mesenteroides,
Aerobacter levanicum, Alcaligenes viscosus 52 sucroseZ A5l
levans A #TE o] AL sucrose-6-fructosyltransferase(levansucrase,
EC 24.1.100= E+= 47} sucrose® &4 fructose o)Az 8o 2
-6 AL Z fructosepolymerS 344 317 w)f-o|t},

£ levand A EANAE @AFAE, 53 W Yol F]d A
AT dEAA He2  FIHUE(Lolium  perenne)o)t} LA
(Dactylis glomerate)ell 5o U (=187} P 4, 1998), ¥4
inulin AP HEANA LHACE A A HA AE levand o=
g E2gEY Y, 42, JolEy] 2 A5 g B3 A g4
FE=2 FHA9 Azxd dsl AIHE REF §F(Shiomi 5, 1976)
2 EA levand HTA levanBrth T 400 AEs Bxapgo] zr}
(Pontis &, 1985).

Al o) gk levand] A4S €@a e v 3 EEF & A,
Ao F&, salt® %% 93 899 MFen g, pH %9
$44 2 5 oA FhA adel & JTFE w=th o]gA Axd

of
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levang o8 A7aEe] o8] levane UWHHEA, ExX@ FREA,
TAE, A3 Fo] FAlso]l it} Levand EAEu AeA e
e BAE B 23 EAF 20000004 A a7 Lol B
A} (Yukiko &, 1999)

uzba 2 A= Microbacterium laevaniformans ATCC 15953
o o3 AAE levanC ZEE B 2000002 A Y5t A}
Lallot A4V REHY 2AE Golr Y



A s 2 %y
1.1 #5F 2 AE A
A A I AR TAdTY FAAUAY a4
FKCTOE A A% EFTT  Microbacterium  laevaniformans
ATCC 159538 AM4393, 1% sucrose’} %”r’rﬂ Wajul Ao 37T,
24hr WIS 4T W3 BB BaAdFE 27U 1WA A uj
& AN AT
LMY 9 jar fermentor(KOREA) ®]%A] A}-8-3%F Bacto peptone,
veast extract, agart DifcorHU.S. A9 AES sucrose, MgSOy -
TH20+ Junsei chemical co.(Japan)2l AE L AL£38937, KHPO&
Shinyo pure chemical co.(Japan)?] %2 AF&3FS U}

2% Microbacterium laevaniformans ATCC 159532] levM<S &
A 7171 Ykl wAWEQl pLEV-2NS WA FEscherichia coli
BL2I(DE3)el dAAEAZ] AL FAOYgn nAEaddazrny By
o} Luria-Bertain(LB)#} A} ¢} kanamycin(30pg/m)S H718ke] w3l
o},

1.2 ANef ¥ 7]7]

Levan®] #4%& Z7s}7] 91819 Gel Permeation Chromatography
g Agagon, ARAT levans 27 - WASs Qe EAm
gel chromatography(Bio-gel, A-5m, USA)Z A}8-3}g ),



2. Levan A4t

2.1. Jar fermentor vj<¥
Table 12] wjA & 3L ZA|3to] 5L Jar fermentore] 718l wjoke
% 37T, pH 7.0, 250rpmol 4] 24A1 7+ v <Fkshd o),

2.2. Levan?] A4

Microbacterium laevaniformans ATCC 159537} 4418 levang 7]
Aste] YA EZ (T, 30min, 7,000rpm) e H FAE QAT AT NS
A3l A9 ethanol YN(95%)S ulF(v/vIE A EFste] s
FEAAC)T- A E4T, 30min, 7,000pm)e F Fo]A levandl &
ForE A% Hubste Agslstar A ethanol A aldtE W oz 3
3 WEsd] HFE levand THFA ALEHAT T FA tube(MW
14000001 ol 243F FHol distd FAA § 7223 AR
3 o (Fig. D).

3. Levan®] ¥ &= &34
Microbacterium laevaniformans ATCC 1595371 A4+& levan® =
43 dolry] 9sle] GPCE ol &t BA3e =431},

ot
Ml

4. Levanase?] A4}

229 Microbacterium laevaniformans ATCC 159532] levM% b
Al7171 9sted @A WEIQ pLEV-2NS 379 Escherichia coli
BL2I(DE3)ol BdA8Az 21& FAqsta A5y Bopu

of o] w55 <A sl 30ug/ml e kanamycino] HollE LB A o

I‘
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Table 1. Composition of medium for polysaccharide production

by Microbacterium laevaniformans KCTC 9732.

Seed basal Jar fermentor basal
medium medium
Sucrose 1.0 % 10.0 %
Bacto peptone 0.25% 0.1 %
Yeast extrat 0.25% 0.1 %
MgSO0, - 7H;0 0.025% 0.05%
K:HPO, 0.1 % 0.1 %
pH 7.0 pH 7.0




Cultural broth
(Incubated for 24hr at 70T, pH 7.0)

l

Centrifuging (4T, 7,000rpm, 30min)
!

Supernatant

Add ethanol=1:3(v/v)
(Storage AT, 24hr)
1

Centrifuging (4T, 7,000rpm, 30min, 3th repeated)
1

Dialysis(Mw 14,000)
!

Freeze drying(72hr)

Fig. 1. Procedure for production of levan by microbacterium

laevaniformans ATCC 15953
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Escherichia coli BL 21
( Incubated containing 30/8/m€ of kanamycin for 18hr at 37T )

l

Inoculation in 50m¢ LB medium containing 3048/mé of
kanamycin

l

Incubated with shaking at 37 T untill OD600 reached
0.8 to 1.0

!
1 mM IPTC was added to culture and the incubation

was continued for 3 to 4hr

!
Centrifugation( 4 T , 15min, 8,000rpm)
d
Resuspended in 20mM sodium phosphate buffer(pH 7.0)

and sonicated

l

Centrifugation ( 4 T , 15min, 8,000rpm) and dialyzed
overnight at 4T

Fig. 2. Procedure for production of levanase

- 11 =



0.2m¢ of 1%(wsv) levan in 10mM sodum phosphate
buffer(pH 6.0)
and 0.1m¢ of the ezyme solution

l

The reaction was carried out at 30 T for 30min

l

The enzyme reaction was stopped by adding 3 mé of
3,5-dinitosalicylic acid reagent

!

Heating at 100 C for Smin
d

Cooling in running water

l

Measured at S75nm using a spectrophotometer

Fig. 3. Procedure for activity of levanase

_12_



A 18X 7 &Qt vkttt

of WFAIZl ¥F5 50me] ME-E LBujA el HFeH ODswo 3
kol 08~1°] € w7x widstm F4 e HAEL A5t ImM IPTGE
BE Hrbeto] 3~4A7F o wigEddch of WA s dHFE-FH(AT,
15min, 8,000rpm)3lx, A4S MS AAFF F 20mM sodium phosphate
buffere]l & AGEF sonicators ol €5t wAE FHsta 1
A FENHE 80%9 ammonium sulfateo 2 FAAZT, 353 %A
3, AdAEsd AEAE RO 20mM sodium phosphate buffer=
SHEN A 54 84 S4E Ad gador A vh.(Fig. 2).

5. Levanase?] #4334

Levanase® @4& DNSHHMiller, 1959)2 2 A5 10mM
sodium phosphate buffer(pH 6.0)° M. laevaniformans ATCC 159539]
A levan(1% w/v)& 02m0% 0] 0.1mee] EA N3} 30TelA 3083t
BEE- A1 7l 3 3mee] 3.5-dinitrosalicylic acid(DNS A]2F)& H7}3le} ub
= BAAANAT &S AAANN F g WA 98t 100TeAA
5wt 71T ¥ ME dAAF] A FEAZ $F 575 nmo A =

A3t ct.(Fig. 3).

6. Levan?] Al7}5=5-3

6.1. Levan9 ¥ %o @& 483

Microbacterium laevaniformans KCTC 973271 234138 levang 0.1%,

0.5%, 1%, 3%, 5%, 10%9 H¥EZ 3o 20mle) pH 3, 0.1M citric acid
bufferdll H7pste] 70Col A 7082 7bpEald & 20mle] pH 840,

- 13 -



0.IM phosphate buffer® &% F QHEse AFde] 3miF
ethanol@ 7}&to] dojd FAES SHF=Z YL&F 5 GPCE o] &3]
o BAHS SAHIAY

6.2. Buffer?] pHol B & 7483

5%2] levang pH 2, 3, 4, 52 0.1M citric aicd bufferel 2+z} #7138}
o 70CoA 7087+ Z1EEg F 20mle pH 80, 0.1M phosphate
buffer® F8tst § HAEEste] A5 Aol v ethanolF 7Fete] Ao
A JAAES FHTR A&83 §- GPCE o] &3td] FAFS A3 A
=3

6.3. Buffer?] ¥ x| 42 7}45-3

5%¢] levang pH 3¢9 0.1M, 03M, 05M, 0.7M, 1M®l citric aicd
bufferell zt2} 7bste] 70Tel A 7027 7l-Eds ¥ 20mle pH
8.0, phosphate buffer(0.1, 0.3, 05, 0.7, IM)E F3}g & AR 3o
‘&E R 3w ethanol@ 73t o AAES FHFE AL
& GPCE ol &3l Ex%s SAH3AT

64. %= 0 & Jl5ES

5% levang pH 32| 0.1M citric aicd buffero] #&7}sto) 60, 70, 80
90, 100ClA Ztz 7083t 7 Falgs $ 20ml9 pH 80, 0.1M
phosphate buffer2 3¢ % dd&aste A Ao v ethanolH
7ksto] Aol FAES FHFE ALNTE T GPCE o839 BAH
=

tio
_1;}1'
oli

A

_14..



65 A7t} ME J43

5%9] levang pH 39 0.IM citric acid bufferell 7}ste 80Tl A
60, 70, 80, 90, 100&-7+ Ztzh 7t-&#H$ ¢ 20mle) pH 80, 0.IM
phosphate buffer® 3¢ ¥ dMdF s 45 Ho] 34 ethanolH
7heto]l ol FAAEESE FFHTE AL F GPCE o] &3l A
& FAH3A

3

M

7.8 7V

71. 2% 5 & 715Es
Levanase? HF =5 g@dste] 719885 AA Y. levanased] 5=
g 5 2, 1, 05 02U= 2zt 2aj3te] 30TelA 158, 308 1Az, 24

3, 3A3E WA F OAEE A%l GPCE ol g3t BAFL 53
shgit.

72. @A AF levan?] ¥ §

At idl gl EAVMEANE B8k JMEElE levans TAEAS
o7 A7 Y3 00IM phosphate buffer(pH 7.002 H 3= Bio—gel
A-5m(BioRad, USA) column(1.6X75¢cm)S o] &5ty BHs G},
levan AlEE 20% T2 3o 1méA loadingstx tmA B sty o
F 3B g degayozr EAsiyr B aME 24
#F 66,700, 39,100, 11,0001 dextrans AM-&3} ).

_15-



1. Levan®| A% &4

Microbacterium laevaniformans ATCC 15953¢] A4tst levang 1%9)
TEHLE g5 GPCE ol &3ty EARE SHT Ay BAF TF
H(Mw)-& 1,366,000, 928,000, 322,0002. 2 2tz vbebutt)(Fig. 4).

2. Levanase? &4 &3
levanase® 4% =A% A= Table 29 2o iR i3y
< @A FE QA ey

3. Levan® 27583

3.1 Levan® F %o W& 71583

Microbacterium laevaniformans KCTC 97327} A28 levan 0.1%,
0.5%, 1%, 3%, 5%, 10%2 T2 st 20mie pH 3, 0.IM citric acid
buffere] F7}ste] 70CelA 7085t 714838 3 20mle] pH 80,
0.IM phosphate buffer® 313 F QAEZsIe AZ o] 3w
ethanol@7}ete] Aol AHEE FHTE ALNT F GPCE o) %3
of BAFE FHY AY levan? FES S%E IJUS W) B =3
e (Mw) 20,000 W9 WA 1027762.% 714 wgted, 0.1%9 &

RS ) WA o] 115227 71F Z}JJEHF@. 5).

_16_



Table 2. Levanase activity of E.col BL21(DE3)

Levanase activity (U/mé)

E.coli BL21(DE3)/pLEV-2N

Cell- free extract

0.6

Levanase activity was expressed by the enzyme unit per mf of
culture broth. One unit of activity was defined as the amount of

enzyme required to liberate 1 gzmol of fructose per min

- 17 -



e

P ¥ i . : i
4.8 19,89 15,88 26.68 25,04 .08 85.80
A7 Gaind

Fig. 4 GPC utilization of levan molecular weight
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1.2e+5

—o— 01%
-0 05%
1.0e+5 | -~ ~ —v— 1.0%
N —-- 5%
- AN —m 10%
8.0e+4 | v
L]
L 50e+4
<
4.0e+4 |
2 Oe+4 |
o
0.0 . r . .
0 10000 20000 30000 40000 50000

Mw

Fig. 5. GPC utilization of levan molecular weight for changes of

levan concentration
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3.2 Buffer® pHo| W& 71553

5%9 levan pH 2, 3, 4, 59 0.1M citric aicd buffero] Z}2z} #7138t
70Co A 70583+ 7H- 83 $ 20mi2) pH 80, 0.1M phosphate buffer
= —5§P§} T ARt A5 Aol 39 ethanol®d 7hete] ol
AEL THFE QLT §F GPCE o|&5tq BAHE ZHI Ax
levan® %8 5%% &3 pHE 302 ZASYES o B4z 3y
T(Mw) 20,000 tje] HHe] 71 #%e™, pH 28 ZH3YE # 4
Aol 7hd Agkor, B F fructose® 443 s Edd WAH: @
st} (Fig. 6).

33. Buffer?] %9 g 71583

5%9 levang pH 39 0.1M, 0.3M, 05M, 0.7M, 1Ml citric aicd
buffers} 2t2} #Hrtstd 70TCAA 70837 71H-E3% 3 20mle pH
8.0, phosphate buffer(0.1, 0.3, 05, 0.7, IM)® =3}3F 3 QA Eo]3lo
G Bl 3 ethanol7hete] QoA AAES FTHFE AL
¥ GPCE o]l &3ty 43S 4% A9 bufferd =71 0.1%1 92
o Mw 20,000t ] HA4o] 7+ 5 A (Fig. 7).

34. 25 4 g J5is

5%9] levang pH 39 0.1M citric aicd buffero] #7}s}e] 60, 70, 80
90, 100CehA  ZHzr 7083t 7AESE 3 20mle] pH 80, 0.1M
phosphate buffer® Fst3t ¥ YAFelste] 459 394 ethanol?
7hetel dojd HAES FHFZ AL & GPCE o] &3 Bzl
& FAT A3 80T Mw 20,000t0¢) A Ao] 114756714 Hdou
70T, 60T, 90T, 100T <ol o}.(Fig. 8).



35 A|7te] & FtFEs

5%9] levang pH 3¢ 0.1M cilric acid bufferoll #7}sfe] 80T ol A
60, 70, 80, 90, 100&%zF Ztz} 7l F 20mle pH 80, 0.1M
phosphate buffer= F &g § f4Faste] 45 Ao 3uf5 ethanclH
7vetel A7 HAAES FHRTE ALAG F GPCE o] &sio] £AH
S Z4s Zy 0min ZteEsld AlE7F Mw 20,000the] WA o
114756708 We™ 10080 7HeEad Nss A9 7hseiast ofF
o4 R fructosed] WAoo WAt (Fig. 9).

a 30CaA 158, 308 173, 24
of GPCE ol &3l BEAHE FA
57} £AF FEFHTMw) 20,000

7 3A1ZF HER-AIRY
gt A 2UCE 24
el WA 71 Bk (Fig. 10).

i3
-
4,

P oarg A7l Al

5. Levan®] #4349 #3

Levand 9d EAZA= AAs7] #93te] standardd dextrans
Bio-gel £&A170 ZAAE Fig. 844 wi= vle} Zr}h o] standard
curve® 7hA5l B 70,000, 40,000, 20,0002] levang 253tk
(Fig. 11).
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10000
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Fig. 6. GPC utilization of levan molecular weight for

70000

changes of pH



1.1e+5
1.0e+5 - —8— 0.1M
-0 03M
S.0e+4 —»— 05M
—z-- 0.7TM
—— M
8.0e+4
(V]
O 70e+q -
<
6.0e+4 -
5.0e+4
40044 - Ty
30e+4 T T T T T
0 10000 20000 30000 40000 50000 60000

Fig. 7. GPC utilization of levan molecular weight for changes

of buffer concentration
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1.2e+5

—8— 80°C
1.0e+5 O - 700C
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<
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Fig. 8 GPC utilization of levan molecular weight for changes
of temperature
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1.1e+5

1.0e+5

—&— 80min

9.0e+4

8.0e+4

7.0e+4 -

Area

6.0e+4

5.0e+4 4
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0 70000

Fig. 9. GPC utilization of levan molecular weight for changes of

hydrolysis time
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70000 -

Area

0 10000 20000 30000 40000 50000 60000 70000

Fig. 10. Levan molecular weight reaction of levanase in different

centration
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7
dextran
. (Mw 66,700)
51 dextran
z (Mw 39,100)
s,
jo)]
S
3 .
2 | R2=0.9975
dextran
(Mw 11,000)
1 T T T T T
40 80 80 100 120 140 160

Elution volume {ml)

Fig. 11. Molecular weight determination of the levan fraction

by Bio-Rad A-5m gel chromatography
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3 _
£
é S2
<+ 27
3
c 81
©
2
o 14
0N
0
<

0 .

10 15 20 25 30 35 40 45 50

Fraction No.

Fig. 12. Elution profile of levan fraction from Microbacterium

laveaniformans by Bio-Rad A-5m gel chromatography
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e o

1. Microbacterium laevaniformans ATCC 15953°] AJ4HsE levang 1%
o] Aoz qtge]l GPCE ol &3ty BAFS SN 29 4%
=8 dF (Mw)-2 1,366,000, 928,000, 322,0000.5 Z+z} velydt},

2. Microbacterium laevaniformans KCTC 97327} AAFgE levans
0.1%, 05%, 1%, 3%, 5%, 10%°] +%= 3sto 20mle pH 3, 0.IM
citric acid bufferel #7}st 70CoA 7083t 7I5E83 F 20mlg
pH 8.0, 0.1M phosphate buffer2 33t & AR A5l 3
B4 ethanol@ 7tsle] Ao FHAAESL FHTE ALANT F GPCE
o] &-3te] HAee ZAT A levand FEE H%E FAL o A
F F I T (Mw) 20,000 the] WHo) 10277602 7} Bgkom, 0.1%
9 FEPS ) WAl 116228 7 At}

3. 5%9] levanS pH 2, 3, 4, 59 0.1M citric aicd bufferell z}z} A7}
o] 70CoA A 7087F 7HEEe ¥ 20mlel pH 8.0, 0.1M phosphate
huffer® $3¢ ¥ YA EEste] d5Ho 35 ethanold 718t Ao
A AAES THTE AL F GPCE o) &3ty £AGE A4S
A3} levand BEE 5% 33 pHE 307 AR E o B4z F
FHd(Mw) 20,000 g2} "A] 713 dgten, pH 28 FHHE o
WAool 7 Z9drh,

4. 5%9] levan® pH 3¢ 0.1M, 03M, 05M, 0.7M, 1M*9} citric aicd
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