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Physiological Effects of Levanoligosaccharide on
Growth of Intestinal Microflora
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Dept of Microbiology, College of Natural Sciences, Pusan National University, Pusan 609-755, Korea

Abstract

The effecl of levanheptaose produced by levanase from Streptomyces sp. 3661 on principle intestinal
microflora was investigaled. The reaclion product, levanheptaose, was used as a carbon source for
various inlestinal microfllora. As a results, Bifidobacterium adolescentis, Laclobacillus acidophilus, and
Fubacterium limosum grew ellcctively in the in vitro experiment, whereas Clostridium perfringens, I.
coli, and Staphviococcus aureus did nol. Therefore levanheptaose seems to promote selectively the growth
of B. adolescentis and L. acidophilus. In Lhe in vivo experiment, the effect of levanheptaose on the growth
of intestinal microllora, B—fructosidase activily, pH, and bulyratle concenlralion were examined in rats.
Apparently, the number of fecal Bifidobacteria, the amount of butyrate, and B—fructosidase aclivily were
increased, whereas total aerobes and pH were reduced in rats [ed by levanheptaose diels, compared with
those of conirol diets, We concluded that those effccts may be beneficial in improving gastroinlestinal

health.
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218} Streptomivees sp. 26612 el F
A 2E B ‘ﬂ:}*ﬂ of A 2= gt wi=] & Al4-shed =l
L FAAEL 05% levan, 0.3% yeast extract, 0.3%
NaNOq, KoHPO4, 0.05% NaCl(pH 8.0)°|c} ¢
Zhi| = .E E °T v okdl] =) 28 BG 9] A2 E AHste].
w Bifidobacteriad] =¥ =) Beerensd W (11
e} = st ok In vived ¥ olA control B lest dhet]
T4 2 B2 modified AIN 76-A (Dyets Inc.) diet(3)el] &
atod ZA|EeicH Table 1).

Levanheptaoses] 734 24 & $]35 TLC plate= kie-
selgel B0 Fay (Merck, USA)E- AlE-8tg ot Al gaE
M4 HPLC (Waters, USAYE AH&3tRem, o)
Carbohydrate analysis (Waters, USA) columng:, detec-
tor = Waters 410 Ihiferental Relractometer® A}-8-8}

sk,

Levanase A 4H&

METdF

Levanheptansed] A& A2A2 Z2E 7 2817 $
B A QEDL A 2 AEE GFFAALY
(KCTO# mlS3g 33 (ATCC)ol 4] Eakidsted, o] 5
Bifidobacterium adolescentis WCTC 3151, Lactobacillus
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Table 1. Composilion of control and test diet
Conlent (g/kg feed)

Composition

Control diel Test diet
Casein 250 250
D,L-Methionine 3 3
L-Cysiein 3 3
Dextrose 652 532
Soyhean oil 50 o0
Cholme hitartr ate 2 2
Vitamin ml\ture 10 10
Mineral mmxlure” 30 30
Levanheptaose Q 3

Yitamin contribution Lo diet (mp/kg) thiamne, 5. ribo-
[lavin, 6; pyridoxme, G, nicotime acid, 30, pantothenate. 15:
folic acad, 2; phylloquinene, 0.75: biotin, 0.2, cyanocobala-
mine. 0.025, all-trans-retiny) palmatate (300000 1W/g), &
all-rac—a-tocophery | acetate (500 ITU/g), 150; and cholecal-
ciferol (400,000 IU/g), 25

“Nfineral conlribution to chet (mg/skg). Ca, 5000; P, 1561, K.
3600: Na, 1019, C1, 1371 S, 300: I, 02, Fe, 35; Mg, 507,
Zn, 30, Cu, 6 Mn 10. Mo, 0.15. Se, 015, Cr, 1; S5, & F
15 Mi, 05: B, 05; 1j, 0.1; and V. 0.1

acidophilus KCTC 3161, Fubacterium imoswmn ATCC
8481, Bacterotd fragiis ATCC 25285 22 ) 2+
2 2, Clostridium perfringens ATCC 25730, Staphy-
lococcus aurews ATCC 12600, Escherichia coli KCTC
1039 52 fralv o= Birsty #HEshdo) Levan &2
A E] levanhepraose s A1 &} levanase A 44055 £
o3 LAl el A B2 3 Srreptomyvees sp 3661 A8

Levanheptaosae2| Z=A

Streptomyces sp. 366L 55 30°C &F-2 ) F7] ol 4|
54*T7]‘ W afale] L A5AS 50~ 80% FalgrEFoen
3% DEAE-Toyopear] column chromatography st
% 25 levanase -4 F£-% levanheplacse] 42
N 2ELA R AEadol(l0) TaNEE 25
{30 units/mL) 3 1% levan-£9«) 3 7}ate] 40°C, 484]
7} EAaubeA]F 3 uke dle] ethanols A r1eke] wEA)

g A2 71]7] gl 2 AEAE TS &
2l ae] A 2abe] A 2R vk A5 EL Seph-
adex G-10 column chromatography S 35k levan-
heptacseS +731A AAshe] HPLCE #9183 om
A= 2AA2EE sk
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m{n

in vitrool M 2] dzl=5t

ke V) A T2 modified EG brothell 4] 37°C, 104] 2}
A eFEl & glucose 2 levanheptacse” | 0.5%5(w/v) &
-2 EG brothel] 1% 4 3&3Fe3 37°C, 244] 3} ) Fa)4 o
B. adolescentis KCTC 3161, L. acidophilus KCTC 3151,
5. aureus ATCC 12600, E. coli KCTC 1036E 75 &l <

sl 2 C perfringens ATCC 257302 anaerobic jarg
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dletﬂ} levanheptaose”+ BrA412] °‘-”rf.’ 5= test diet

A A sl BFo] i 5 Al Al Etd ) o]
T]‘FT o] 43}t jn vive AEIA-E control dietdE HelE
15-7}k2] preingestion period2} test diet® 4 4] 3= 25
219] ingestion peried, Z2=] 22 test dict& Swhalar of A
contrel diet2 4 A F= 1551¢] postingestion period &
el =ai3)ed el o] v ZF 7] 7] fecal samples 2
A2 ARsr] Bifidobacieria, Lactobactlius 3 total
aerohes?] d& &4 ela olE b-fructesidase, pH
2 bulyrate?] W3] felAE HRSEET

Fecal analysis

2 7|70 A2 ARG BE A EE AL
247 AES F | pg FAFTO] g5 LG
2 5434 $4 A B2 AHatseh Vel 2 sk

Bifidohacteria?| F1-4= paromemycin sullaie, neo-
mycin sulfates & F-3}-= BS selective agar & Tl 7] o]
A B A4 B2 37°C, 484 7F v okgl F CIFU {colony form—
g unit) g & 3] 23389 Laciebaclins?] %
of = CaCOu2 EFsh5 MRS gh#lul 2] of 37°C, 24~36
A 7ZF W eFal & clear zoned WEb & colony 2 AlE
stdcel gbd s T4Y Z7L EG agar 3 g X
oA 37°C, 48417k vl ekgl F CFUR Al &3tk o=
B-fructosidase -4 -2 Somogyvi-Nclson #HH (12)=] 5
sl A% Felvto] oS 74 (11ﬂ1ts)£i LAY ]-64
AR ety 17, butyrate?] A4 B AFEHL gas chro—
matography (GCY5 o838k AAstgdc) o)u GCx
Hewlett—packard (Wilington, DE) 5830A seriesIl gas
chromatography 2 100 g/SP-1200/10 g/LHsPO.7 | 53
= 80/100 mesh chromosarh WAW, glass calumn2- Af
Lalgdt} AEz2AL A rE carer gas® AHEEld 2
123°C,
deteclor temperalures= 175°C, injector tomperatures=
180°CE shavkh

flow ratet 73 mL/min®] ™ oven temperalures

A ol ua

Levanheptaose?] 22| 2 HAH|

Streptomyees sp. 3661 52l levanaseE 3-4kgha

olft zﬁr

A7 2 DEAE-Toyopearl column chromatography %

352 A%

LE S BT 37

2 ofei Ha|skad-g AA A sk o) A A= levanase
Z 1% levan® 37°C, 4841 7F EA4ES-AF £ 9ts-AE
ethanol A7 ol &gt A = Sephadex G-
10 column chromatography 5% 2] sle] &3] le-

F3jod o] 52 Ae
old gty EAE AHAE levanheptacses
HPLC (lngh performance liquid chromatography )3 L
% 4 DPE ElshglchFig. 1)

_,_x] Tz] a

vanheplaose®t& 9-& ¥ 5424
Ap&-atd ol 3

EhfMlgol i3l levanheptaoses] Y

odnbA al #hl Al 74l B. adolescentis KCTC 3151, E.
timosum ATCC 8481, L. aadophilus KCTC 3151, £ coli
KCTC 1039, 5 aureus ATCC 12600, C perfringens ATCC
25780¢] &l glucose E levanheptaose(0.5%)2 4t
glez g v o2 ASEE FAEE tH Table 2). 2
A5 B adolescentis KCTC 3151, L. limosim ATCC
8481, L. acidophilus KCTC 31512 7%= levanhep—
lapsed] o] &-Alo] Fo} glucosed] # &) DR alE AL R
vlebdel 8k S qurens ATCC 126800, E coli KCTC
10398 7 9-oll = glucose)] ¥]4] levanheptanse2| o] &
Aol v} BelH L o = glsivh C perfringens ATCC
257802) A3+ ¥4 02 |levanheptaoscE HH o] &
gl Zgle] =oykel ulelkA] levanheptacses AU 4+

1] 25 50 7.5 100
Retention Time(min)
Fig. 1. HPLC profiles of levanoligosaccharide and its
degree of polymerization.

AL Slandard levanoligosaccharides; B, Purified levan-
oliposaccharide
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Table 2. Growlh of selecled species of inlestinal bacleria
on the purified levanheptaose {0.5%)

Demree of growth (DG
Glucose Levanheptaose

Microorganisms

{0.5%) (0596}

Bifidobacterium adolescentis ++ ++
KCTC 3151

Lactobacillus acidophilus ++ ik
KCTC 3151

Clostridium perfringens ++ -
ATCC 25780

Staphylococcus aureus - +
ATCC 12600

Escherichia coli KCTC 1039 ++ +

FEubactertum limosum X -+
ATCC 8481

e, DG2T5; 4. TH=DG250) +, 502DG225; -, DGL2E
0D lor test sugar-0OD without the sugar

0D for glucose-OD without the sugar
QOD: Optical density at 600 nm (Maximum values of optical
density during 2 days cultivation were taken as QD)

VD= %100

74 Bifidobacieria, Lactobactlius, Eubacterium 5

o glelaimt Adefa o2 AglAl2 45311 C perfring-
ens, S. aureus, E. coli 53 22 215 Ao e
302 o) 5] A 01850 Fohe AN
e, o] 5 e arntel A fel gk 954 ASS 3l
o Ze] BANAG Fas 4gs ¢ Ao S

Levanheptacse =T 2| 4

Bifidobacteria, Lactobacillus2 73] 8
levanheptansed] 5 %8 mtebslbr] 78 2h=t
mL levanheptagse S B4 02 3} 37°C, 214 11' A
vl 9k %+ & spectropholometerel] 2] &) A 345 &84
o). 1 23} Bifidobaceria®t Lactobacillusa #&) f-418}
A 001 g/mL levanheptacsed 2] 7173 &&= A=k
& B 1 o)4ke] preAe 23w AAe] <7l

Azdle A9 ergekFig. 2). ol

O |:°
o <

levanheptaose7 |

Aol el mlorek AEaF b A T A5 4
Aoz Adsr] gFe Aeq 24,

HMibae| Mol olx|= levanheptaoses] HE

Levaxﬂleptaosea A A00.01 g/l 2 kS o B
adolescentis E L. acidophilus 52| ZAHH2] A 8-of 7]
A= 43S glucosey] A-S-9 w]Fated A Zstgdt 5,
adolescentis 4 L. acidophilusE 504 3F £ HH af et
A 5AZhvtel o A ekg &R0 s)e] PSekd-g = a)s)
w2 A3} Fig. 3ol el vl 7lol B ado!escenns
2] 7 2ol & glucose?} levanheptacsed ©A¢ o2 &
AL w2 Fqd gAge] A U AFFE of
E}ule] levanheptaose™ ¥ o 24 $53E Hof

celAl g - elHlE

Qptical density at 600 nm

0.0 & T T T T

Concenlralion o F7 {%)

Fig. 2. Effecl of levanheptaose {F7) concentration on the
growth of B. adolescentis and L. acidophilus.
@, B. adofescentis, O, L acidophilus

SitHFiE. 3A). 28w L aadophiluse] #-3-4& glucose
4} levanheptaose?} chgo] shA 22 .d o] £x = ob4)
< vehdv) wa e 2o ol 4 F 82 plucosed] H] a]]
tha g Ak ¥ o] 9l ol (Fig. 3B). viehA] whae)
2.4 2] levanheplaoses] ] &4 o] L. acidophilus H] O]]
B. adolescennsol A 7 thebgg & = qlgloh
RatS 0|Z¢t in vivoolAle| Me|=1)
LevanheptaoseS & & T5of 4le|2 T g AL 4
WAk Sl vl = g ke Akl A B
18 &) F & o] &5}e] levanheptacse®E BAH o2 o8
E 3L test diet?) levanheptaose S E 5812 83 glu-
coseRl S £3Hel= control dietE o] 2 A2 & A
Bifidobacteria®t Lactobactlfus & total acrobesT2=- 8]
A levanheptaose?] FW LAl 7Sl dlgt ASE
g EAbEE ) o] ¢ ob&w pH HiE, SCFA (shorl
chain [atty acid)2] ¥Z4l butyrate =k wis} ol p-
fruclosidase®d-2 Z3 a1 873 2] Az E ol-&=] A
2gck 2 755’-]- BDifidobacteriat levanheptaose dietS
A A1 g F ook 108 #)eF T EVe-el 3 Lactobaclivs
o] g &t ZrbEled 2H (R 4) ole} @A
Bifidobacteria?} levanheptaoseE 7HpE e ghod f-2l 5
+= fructose® WAehedl 3ol 8= B-fructosidase &
228 A3} control dict (8.4 IU/ g9 ¥] 5] levanheptaose
dict (11.7 1U/g)e] 7] ol AFrgake] 57}5‘}‘—*— afAkg
Byl 38 2o pHe okgke] b4 8L AR el
ol 3, but}rrate"m] control dietel A 2 v} Abgdek Z5)6)
£ AL R el oAby Aade] Eoie] pHE A EHA
#AE CQ' 4= sledd(Table 3. 18§ A4 7 Al
9 Lactobacilius®] #)
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Levanchgosacchanded] el

A B2 A&d o= Qo E) 20

o)
(A) . B)
3 . a3
-1 P
5 /N aT
H g / \e\ 2- ©
3 O/ e RN
% Y~ T
T . N AN
O 9/v/ g Q( "‘“"Q\-Q
v ™~
0 r - r T ! 0 — — T - !
0 10 20 30 10 50 ] 10 20 30 10 50
Time (hr) Timme {hr)

Fig. 3. Growth curve of B. adolescentis {(A) and I.. acidophilus (B) on EG brath medium conlaining levanheptaose (F7)

or glicose as a carhon soarce.
&, Glucose; &, Levanheplaose; @, None.

12
10 ;
—I At
g | FEREET i
B 64
L4
20
£
o
'EQD ~
Oilr T T T T 7 T
0 5 10 15 20 25 30

Days
Fig. 4. Ingeslion effect of levanheplaose (F7} and control

diel on Bifidobacteria counts in total lecal.
£s, Levanheplacse; @. Conirol,

Ml 0 2 278l mrowth factor2A] 8] G5

e
>

[=]
"

Atk

Strepfomvces sp. 366L2 % B ] %= levanases]
HE-3- A4 E-2l levanheptaose® 2% bl A EFE A
gh A&l bR A 2] o 8k S FabEly Tk Lovanase s 8
A A sle] 7|2 =} vFL-A 7] H wEEAFE S cthanol 27
o &laf L ERFEEF A A S Sephadex G-10 column
chromatographyE | A levanheptaoses 3 2] 843 =4
N algstdoh invitro A & o4 0.5%
= = e OJ o3

levanheptacse
Z 8}ed glucosel) Hl & L4145 45 levan-
heptaoseﬂ- Bifidobacterium adolescentis, Lactobacillus

acidophilis, Eubacterium limosum®] A& A& 7

Table 3. Bacterial counls, f~fructosidase aclivity, and SCFA 1n fecal contents belore, during, and after levanheptaosc

or control diels

Treatmenl
Control F7
Item . -
Basal Ingestion Postinge Basal Ingestion Post!nge
—slion —stion

Food inlake {g/day} 117 13.3 127 127 14.2 128
Feces weight (g/day) 25 2.5 3.3 33 40 35
pll of fece samples 67 8.8 69 65 59 6.6
Microbiota (logw CFU/g)

Bifidobacteria 2.3 80 8.8 B85 8.7 87

Lactebacilfus 74 7.3 Td 73 74 (s
Total aerohes 8S 8.5 B8 8.7 34 22
B-Fructosidase activity (IU/g wel weirht) 8.3 84 84 86 117 9.3
SCFA bulyrate (mmol/L) 15 15 1.4 2.1 39 37
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o) 858 o 5= gledn), vk Clostridium perfringens,
Staphylococeus aureus, E. coll B3} 242 frald el =
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